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supports is usually carried out by impregnation of the supports
with solutions of salts or organometallic compounds of the
catalytically active metal and subsequent immobilization by

precipitation, hydrolysis, heat treatment, calcination and/or
30 activation.

EP-A-0 875 235 describes a process for producing supported noble

metal catalysts on porous oxidic supports by electroless

deposition of noble metals from agueous solutions using reducing
35 agents and in the presence of complexing agents. ‘

DE-A-44 12 463 describes the use of a colloidal palladium
solution comprising at least one reducing agent and at least one
protective colloid and also at least one noble metal or noble

40 metal compound for the pretreatment of electrically nonconductive
substrate surfaces before they are metallized by means of a
metallizing solution. The deposition of at least one platinum
metal on a nonporous nonmetallic support is not described.

Furthermore, this document provides no teachings regarding the
45 production of catalysts.
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hydrogen peroxide using this catalyst in the gas phase, only

extremely low space-time yields of about 5 g/l x h are achieved.

30 It is an object of the present invention to provide a process for
producing improved nonmetal-supported platinum metal catalysts.
Essentially complete deposition of the expensive platinum metal
and/or good adhesion of the noble metal to the nonmetallic
support should preferably be ensured in this process.

35 Furthermore, the catalysts should have a high catalytic activity
and selectivity in hydrogenations, particularly in the direct
synthesis of H;0; from hydrogen and ocxygen. The catalysts should
preferably have improved operating lives.

40 We have found that this object is achieved by a process for
producing catalysts comprising at least one platinum metal on a
nonporous nonmetallic support, which comprises firstly activating
the support and then electrolessly depositing at least one
platinum metal on the support which has been pretreated in this

45 way. For the electroless deposition, an agueous medium comprising
at least one compound or one complex of a platinum metal and at
least one reducing agent is brought into contact with the
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d) 1if desired, activating the catalyst obtained in step ¢).

30
According to the present invention, a nonporous support is used
for producing the catalyst. For the purposes of the present
invention, a nonporous support is a support having a mercury (Hg)
porosymmetry pore volume of not more than 1.0 ml/g, preferably

35 not more than 0.1 ml/g and more preerably not more than
0.05 ml/g. The ratio of pore volume to total volume of the
support workpiece is preferably not more than 2%, more preferably
not more than 0.5%.

40 The supports used according to the present invention preferably
have a BET surface area of not more than 5 m?/g, in particular not
more than 0.2 m?/g.

The nonmetallic material used as support is preferably selected
45 from among mineral materials, plastics and mixtures and
combinations thereof.
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The supports used according to the present invention preferably
comprise at least one natural or synthetic polymeric material.

30 Examples of such materials are:

{ 1. Polymers of monoolefins and diolefins, for example
o polypropylene, polyiscbutylene, poly-l-butene,
poly-4-methyl-l-pentene, polyisoprene or polybutadiene, and
35 also polymers of cycloolefins such as cyclopentene or
norbornene; alsc polyethylene (which may be crosslinked or
uncrosslinked), e.g. high density polyethylene (HDPE), high
density polyethylene having a high molecular weight
(HDPE-HMW), high density polyethylene having an ultra-high
40 molecular weight (HDPE-UHMW), medium density polyethylene
(MDPE), low density polyethylene (LDPE), linear low density
polyethylene (LLDPE), branched low density
polyethylene{EP-LDPE).

45
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m xtures with polyacrylate, a diene polymer or an ethylene propylene-diene
terpolymer; and also block copolymers of styrene, e.g.
styrene-butadiene-styrene, styrene-isoprene-styrene,
styrene-ethylene/butylene-styrene or

25 styrene-ethylene/propylene-styrene.

6. Graft copolymers of vinylaromatics such as styrene or
a-methylstyrene, e.g. styrene on polybutadiene, styrene on
polybutadiene-styrene or polybutadiene-acrylonitrile

30 copolymers, styrene and acrylonitrile (or methacrylonitrile)
on polybutadiene; styrene, acrylonitrile and methyl
methacrylate on polybutadiene; styrene and maleic anhydride
on polybutadiene; styrene, acrylonitrile and maleic anhydride
or maleimide on polybutadiene; styrene and maleimide on

35 polybutadiene, styrene and alkyl acrylates or alkyl
methacrylates on polybutadiene, styrene and acrylonitrile on
ethylene-propylene-diene terpolymers, styrene and
acrylonitrile on polyalkyl acrylates or polyalkyl
methacrylates, styrene and acrylonitrile on

40 acrylate-butadiene copolymers, and also their mixtures with
copolymers mentioned under 5., as are known, for example, as
ABS, MBS, ASA or AES polymers.

7. Halogen-containing polymers such as polychloroprene,
45 chlorinated rubber, chlorinated and brominated copolymer of
isobutylene-isoprene (halobutyl rubber), chlorinated or
chlorosulfonated polyethylene, copolymers of ethylene and
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11. Polyamides and copolyamides derived from diamines and

dicarboxylic acids and/or from aminocarboxylic acids or the

25 corresponding lactams, e.g. polyamide 4, polyamide 6,
polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polyamide 11,
polyamide 12, aromatic polyamides, e.g. derived from
p-phenylenediamine and adipic acid; polyamide prepared from
hexamethylenediamine and isophthalic and/or terephthalic acid

30 and, if desired, an elastomer as modifier, e.q.
poly-2,4,4-trimethylhexamethyleneterephthalamide or
poly-m-phenyleneisophthalamide. Also suitable are block
copolymers of the abovementioned polyamides with polyolefins,
olefin copolymers, ionomers or chemically bound or 'grafted

35 elastomers; or with polyethers such as polyethylene glycol,
polypropylene glycol or polytetramethylene glycol. Further
suitable polyamides are polyamides or copolyamides modified
with EPDM or ABS:; and also polyamides condensed during
processing (“RIM polyamide systems”).

40

12. Polyureas, polyimides, polyamidimides, polyetherimides,

polyesterimides, polyhydantoins and polybenzimidazoles.

13. Polyester derived from dicarboxylic acids and dialcohols

45 and/or from hydroxycarboxylic acids or the corresponding

lactones, e.g. polyethylene terephthalate, polybutylene
terephthalate, poly-1,4-dimethylolcyclohexane terephthalate,



wi th EPDM or ABS; and al so pol yam des condensed during processing ("RI'M
pol yam de systens"). 40 12. Pol yureas, polyim des, polyam di m des, - § pMAY 2005
pol yet heri m des, polyesterim des, polyhydantoins and pol ybenzi m dazol es.
13. Polyester derived from-di carboxyl?c acids and di al cohols 45 and/or from

hydr oxycar boxy dlgrhgaf K¥nZoReSPr 465 RARMI BocH egsalgegﬁer eesQ:erBOB¥§i\h§/d ene

t er epht hal at e, ¢, pgl Q% h%g dg}f?dl%taﬁ h ‘94‘%‘@’]1 é al cycl ohexane
t er epht hal at e l\/éY ro 3{; gat e g I ock pol yet her
esters derived® ?BFrleﬁ%lT/oeqlﬁégg %h‘é? >§'t§ At er'f’y&Fogg groups; al so

pol yesters nodi fied with pol ycarbonates or MBS. 5 14. Pol ycarbonates and
pol yest e¥ Thr Foriacesbond:esCapds bp hkeskepolcpreesattes.i ved, for exanple, from
al dehydes and phenols, urea or nelam ne, e.g. phenol-fornmal dehyde,

;(r:real :‘gr pgis}ﬁﬁ?e%sqegléa@l%argyg@réoaé@ﬁ@ggr@r @%n{iﬁe,lgré@ aIQe(?%ﬁE‘sné‘x‘?cpl e
y h%% ha u]!'éa or, ﬁ\g?&ﬂr‘i’ % éi’l?nol %rmﬁa(?e%yc%lS 17. A kyd

epoxyacryl at e e acr
resins, pol yes‘{ré%a F@gi“ﬂ]sd%m’diyaéPQI%?]éa %grm%]rq%’é’l denk@ s means of

mel am néOr esins, urea resins, isocyanates, isocyanurates, polyisocyanates
or epoxy resi I‘IScosls&inﬁlﬁ)leeidrlyﬂdice:plia‘ el&irmsetmleﬁ‘ﬁoteduﬁsﬂmxaﬂeidpbatjrric 20
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the forAPol7a G E8FARE, PALYRERPT B9RIIE. PNR cQHY katee&ediMensi onal
-structure. Thectasshinkpdrby cudeasecstrelrmimnestesiconpassesetite . .r ange from
fine pi gnents idvughtes, manapateParddighescyddatedc budesoxy repansi cul ar,
30 particulate materials having a particle size of from0.25 nmto 10 mm
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fabrics, feltsS-fomFOFERES &b Rispherol n?htd§gl§sedylrrﬁté)@rav neHRRERaL T
structures aredshigpedyboeflsrs which have been crosslinked by means of

customary hardeners, e.g. anhydrides or amines, with or
without accelerators.

25
The support is preferably used in the form of a particulate,
linear, sheet-~like or three-dimensional structure. The term
#particulate structures” encompasses the range from fine pigments
through to macroscopic particles. It includes, in particular,

30 particulate materials having a particle size of from 0.25 nm to
10 mm. Linear structures are, in particular, fibers, filaments
and the like. The nonmetallic supports are preferably used in the
form of glass or polymer fibers. Sheet-like structures are, in
particular, woven fabrics, knitted fabrics, felts, nonwovens,

35 meshes, mats, etc. Three-dimensional structures are shaped bodles
in general of various dimensions.

The nonmetallic supports are preferably used in the form of

shaped bodies. The shaped bodies can have the shape of spheres,
40 pellets, short extrudates, Raschig rings, Pall® rings, saddles,

cylindrical mesh packing elements, hackettes, spirals or helices.

The nonmetallic supports are also preferably used in the form of
woven fabrics. The fabric can in turn be used in the form of
45 monoliths, i.e. ordered packings.
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in their?® &bpBEL Ve Br%%c"lfi%‘ﬁ‘ roE%%Js‘Ed IL‘?(S’\%\JIE? °‘? fc%égﬁ?E?P Otrhé’r%??%ce of
the 30 suppdrtifaesdirsd, belsw nedypry ot tvf@vghefmeqnen%ﬂfﬂm@ess
steps. To rsmighklet he support surface, it is possible to use nechani cal
and/ or chem cal nethods. Rougheni ng of supports made of mineral 35
mat eri al s, QP ayi‘treous or ceram c supports, is preferably
25
In general, the nonporous nonmetallic supports used according to
the present invention can be used for producing the catalyst in
the form in which they are obtained in their respective
production process. However, if desired, the surface of the
30 support can also be roughened piror to the subsequent process
steps.

To roughen the support surface, it is possible to use mechanical
and/or chemical methods. Roughening of supports made of mineral

35 materials, e.g. vitreous or ceramic supports, is preferably
carried out by known mechanical methods, e.g. by grinding using a
material which has a hardness greater than that of the support.
Suitable abrasives are, for example, quartz, corundum, garnet,
emery and diamond. A suitable method of roughening glass or

40 ceramic spheres is treatment with a finely pulverulent abrasive
in a rotating drum. The abrasive can subsequently be separated
from the support material by customary methods such as screening
or rinsing with water. Vitreous surfaces can also be roughened by
sand blasting.

45



carried out by known nmechani cal nethods, e.g. by grinding using a materi al
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el ectrol esg) depagi LLANe Al L@ med on the surface. The 20 nuclei for
el ectrol gss deposition are generally netal, preferably a platinumnetal and

nor e pré erably palladium The support is preferably activated by treating
it with a PERIAI)Ng agent and a salt of a platinumnetal. 25 Treatnent of
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of the Supﬁéggeqqply activated by treating it with a reducing agent and a

salt of a platinum metal.

25 Treatment of the support with the reducing agent and with the
platinum metal salt can be carried out simultanecusly or in
succession. In both cases, the treatment can be carried out in
one or more steps, If desired, the support can be subjected to
cleaning before the treatment. Likewise, a cleaning step can

30 follow the treatment or, in the case of treatment in a plurality
of steps, each treatment step.

In a first preferred embodiment, the treatment of the support in
step b) is carried out using an aqueous medium comprising at

35 least one reducing agent and at least one salt of a platinum
metal. The treatment can be carried out in one or more steps.

In a further preferred embodiment, the treatment of the support

in step b) is carried out separately using at least one reducing
40 agent and at least one platinum metal salt. A preferred method of

treating the support in step b) comprises the following substeps:

bl) if appropriate, cleaning the support,

45 b2) treating the support with an aqueous medium comprising at
least one reducing agent,
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25 below for step c), which is incorporated by reference at this
point. Step b) is preferably carried out using an agueous medium
which is essentially free of organic solvents. This medium
preferably further comprises at least one inorganic acid, in
particular hydrochloric acid. The aqueous media used in step b)

30 preferably have an acidic pH. Particular preference is given to a
pH of = 6, in particular = 5.

For treatment of the support with the reducing agent (and if
desired simultaneously with the platinum metal salt), use is made

35 of an aqueous medium comprising at least one reducing agent in
fully or partly dissolved form. Suitable reducing agents are
mentioned below for step ¢), which is incorporated by reference
at this point. Reducing agents which are preferred for use in
step b) are tin(II) chloride and titanium(III) chloride.

40
Platinum metal salts which are suitable for treatment of the
support in step b) are mentioned under step c¢) below, which is
incorporated by reference at this point. Preference is given to
using at least one palladium salt as platinum metal salt. The

45 aqueous medium used for treatment of the support in step b) can
further comprise, in addition to at least one platinum metal
salt, at least one further salt of a metal of the iron group



fully or partly dissolved form Suitable reducing agents are nentioned

bel ow for step c), which is incorporated by reference at this point.
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at least one platinum metal salt and, if desired, at least one
further salt of a metal of the iron group or of transition group
1 is firstly provided for the treatment of the support in step b)
and the support is subsequently brought into contact therewith.

30 The support is preferably treated with the solution provided for
a period of about 24 hours. The treated support is then
preferably rinsed with water.

The amount of platinum metal deposited on the support in step b)
35 is small compared to the total amount deposited on the support.
The amount of platinum metal deposited in step b) is preferably
not more than 10% by weight, particularly preferably not more
than 1% by weight, of the total amount deposited on the support.

40 The pretreatment of the support in step b) of the process of the
present invention assists in producing catalysts in which the
platinum metal adheres well to the nonporous support material.
The catalytic coatings produced in this way display a high
abrasion resistance even in the case of severe mechanical stress.
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upto 30% by weight, preferably upto 20% by weight and
particularly preferably upto 15% by weight, of the total platinum
metal content. The platinum metals preferably comprise from 80 to
100% by weight of palladium and from 0 to 20% by weight of

30 platinum or iridium. In most cases, from 1 to 3 of the
abovementioned platinum metals make up more than 95% by weight of
the total amount of platinum metals used. if further platinum
metals are present in addition to a main platinum metal, these
are generally present in amounts of greater than 0.001% by

35 weight, preferably greater than 0.01% by weight, e.g. in amounts
of about 0.1% by weight, about 1% by weight or about 5% by
weight.

The catalytically active component of the catalysts of the

40 present invention may further comprise, apart from platinum
metals, other elements as additive components or possibly in the
form of impurities. Preferred additive components which, for
example, can influence the activity and/or selectivity of the
catalysts are selected from among metals, nonmetals and their

45 compounds. These preferably include metals such as cobalt,
nickel, copper, silver, gold, chromium, molybdenum, tungsten,
manganese, rhenium, aluminum, tin, lead, arsenic, antimony and
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preferably used as platinum metal complexes Preference is given
to using platinum metal complexes in which the platinum metal is
present in the oxidation states +1 to +4. Complexes having a
coordination number of four are preferred.

30
The process of the present invention is preferably used for
producing platinum metal catalysts in which palladium is the main
platinum metal component.

35 To produce catalysts comprising palladium and in particular
catalysts comprising palladium as main platinum metal component,
preference is given to palladium(II) complexes. Palladium(II)
complexes in which palladium has a coordination number of 4 are
particularly useful.

40
Preference is given to combinations of platinum metal ions and
ligand whose complex formation constant is > 1000 and in
particular > 10000.

45 Suitable combinations of ligands and counterions for palladium
complexes and for platinum metal complexes other than those of
palladium can be selected on the basis of charge neutrality.
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Cg-Cpz-monoaryl and -diaryl sulfides and oxygen compounds,
di~Ci{-Cg-alkanols and phenols and also their ethers.
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Particularly preferred complexing ligands are the halides

30 chloride and bromide; amines, in particular ammonia and
triethylamine, cyanide and ethylenediaminetetraacetic acid and
its di-, tri- or tetra-alkali metal (e.g. sodium) salts or
ammonium salts. Preferred counterions are alkali metals such as
lithium, sodium and potassium, alkaline earth metals such as

35 magnesium and calcium, nitrite, nitrate and ammonium.

Suitable platinum metal complexes are preferably soluble in water
to an extent of at least 0.01% by weight at room temperature
{25°C). According to the present invention, the platinum metal

40 complex{es)} is/are used in an agueous medium in such a
concentration that the platinum metal content of the solution is
in the range from 0.001 to 2 g/l, preferably in the range from
0.1 to 0.5 g/l.

45
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particular the salts of carboxylic acids, preferably the alkali
25 metal, alkaline earth metal, ammonium and C;-Cjig-alkylammonium
salts, phosphorus or hypophosphorus acid, the salts of phosphorus
or hypophosphorus acid, in particular the alkali metal or
alkaline earth metal salts, C;-Cig-alkancls such as methanol,
ethanol and isopropancl, sugars such as aldoses and ketoses in
30 the form of monosaccharides, disaccharides and cligosaccharides,
in particular glucose, fructose and lactose, aldehydes such as
formaldehyde, boron-hydrogen compounds such as boron hydrides{
boranes, metal boranates and borane complexes, e.g. diborane,
sodium borohydride and aminoboranes, in particular
35 trimethylaminocborane, hydrazine and alkylhydrazines such as
methylhydrazine, hydrogendithionites and dithionites, in
particular sodium and potassium hydrogendithionites, sodium,
potassium and zinc dithionites, hydrogensulfites and sulfites, in
particular scdium and potassium hydrogensulfites, sodium,
40 potassium and calcium sulfites, hydroxylamine and urea, and also
mixtures thereof.

Preferred reducing agents for step ¢) are sodium and potassium
hypophosphites, ammonium formate, trimethylamine-borane, sodium

45 borohydride, sodium dithionite and sodium hydrogendithionite, and
also mixtures of ammonium formate and sodium hypophosphite.
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In particular, use_Is de (0] ses ex- st n
proBertlesP Ih%y, secon ary and ertltary amines as npf ﬁeen escnﬁeg

above for the nitrogen-containing complexing ligands. Buffer
systems, in particular those comprising the abovementioned bases,
salts of the abovementioned bases and/or suitable acids, are

30 likewise suitable. Particularly preferred bases are ammonia and
sodium hydroxide.

For the purposes of the present invention, agueous media are
substances or mixtures which are liquid under the process

35 conditions and contain at least 10% by weight, preferably at
least 30% by weight and in particular-at least 50% by weight, of
water. The part other than water is preferably selected from
among inorganic or organic substances which are at least
partially soluble in water or at least partially miscible with

40 water. For example, the substances other than water are selected
from among organic solvents, C1-Cyz-alkanols, in particular
methanol, ethanol, n-propanol, isopropanol, n-butanol,
sec-butanol, tert-butanol, pentanoles and hexanoles,
C4-Cg-cycloalkyl ethers such as tetrahydrofurans, pyrans, dioxanes

45 and trioxanes, C;-C;p;~dialkyl ethers such as dimethyl ether,
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Particularly useful complexing agents are hydrohalic acids such
as hydrogen bromide, hydrogen chloride and hydrogen iodide, the
metal salts of the abovementioned hydrohalic acids, in particular
30 the alkali metal and alkaline earth metal salts, and also tin
dihalides, zinc dihalides, ammonium salts such as ammonium
chloride, ammonium bromide, ammonium iodide, ammonium nitrite,
ammonium nitrate, the alkali metal, alkaline earth metal and
ammonium salts of carboxylic acids and hydroxycarboxylic acids,
36 e.g. sodium tartrate and/or potassium tartrate.

In general, platinum metal complex, reducing agent, any base used
and any complexing agent used can be added in any order to the
aqueous medium. Preference is given to adding at least part of

40 the base to the aqueous medium before adding the reducing agent.

In one embodiment of the process of the present invention, step
c) is carried out by firstly introducing the platinum metal
complex and any complexing agent and/or base used intc the

45 agueous medium and subsequently adding the reducing agent.



aqueous nedia. in general, such conplexing agents are donors or salts of
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The tenperature in step c) is generally in a range fromO to 1000C,
‘pref erabl yrér cmaiplep NG Ctandted pametatlae fupmpor40iko iB8®3€p b) The active
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25 to 30°C lower., For the purposes of the present invention,
“reaction temperature” is the temperature at which the deposition
of the platinum metal of the support occurs.

In the process of the present invention, it has been found to be

30 advantageous to ensure sufficient circulation of the reaction
solution or the reaction mixture during deposition of the
platinum metal on the support in step ¢), e.d. by pumping or
stirring.

35 The reaction time required to deposit the platinum metal on the
supports is generally from 0.5 to 500.minutes, preferably from 1
to 300 minutes and particularly preferably from 2 to 60 minutes.

In the process of the present invention, more than 70% by weight,
40 preferably more than 80% by weight and particularly preferably

more than 90% by weight, of the platinum metals used are

preferably deposited on the support. The platinum metal is

generally bound so strongly to the metallic support that it is

not appreciably detached as a result of contact with liguids and
45 gases when used in catalytic reactions.



For exanple, the activated nonnetallic support is, in step c), firstly
brought into contact with the aqueous nediumif the aqueous medi um- § MAY 7005
conprises at |least the platinumnetal conplex, the 20 reduci ng agent, at

| east part of the base and, -if desire® the additional conplexing agent.
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Addi tive cemppéhestinn iof phetadiltdvet hempdrearast spsoifadlidyaso Preonpters or
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S|nultaneous on o ive conpone s fo the reac

- soluti - al so be carried out toward the end or after the end of the
depositlon of platinumnetal, as a result of which the additive conponents
are incorpdtaped)preferentially at the surface of the 10 active conponents.
The additive conponents can also be applied to the catalysts of the present

i nvention iﬂeacgeagfs%@ obea Rl StiERtepe - cdlY ABRAGLEAONT, OBt Ng:tLRPOr
phase or, by, :;2?-8 6168 S 08P tfe%bgg%%&w%% RENIACOHS TR, 2y , ThE
appl i cat I on O rad E %O h x i res enf’
i nvention i ge rom atmospheric pressure o ar gauge pressure.
The activation can, for example, be carrled out in the presence
of water and/or hydrogen. These can be used in the form of
mixtures with an inert gas such as nitrogen. Preference is given
30 to activation using hydrogen. The temperature is preferably from
10 to 200°C, in particular from 30 to 150°C. The pressure is
preferably from 1 to 150 bar, in particular from 10 to 100 bar
and particularly preferably from 30 to 70 bar. Activation is
generally carried out for from 0.1 to 10 hours, preferably from 1
35 to 5 hours. In a preferred embodiment of the process of the
present invention, the activation of the catalysts is carried out
in the presence of the agqueous reaction medium which is described
below for the synthesis according to the present invention of
hydrogen peroxide.
40
In a preferred embodiment of the process of the present
invention, the catalysts of the present invention are produced by
dissolving at least 0.01 to 3 g/l, preferably from 0.05 to
0.3 g/1, of at least one platinum metal complex (weights based on
45 the metal), if desired from 0.0001 to 0.3 g/1, preferably from
0.001 to 0.03 g/l, of at least one further element compound and,
based on the platinum metal, at least 20, preferably 50 and




15 a separate second step is particularly advantageous when application of
the additive conponents specifically to the surface of the active cohpghgni
is desired. Furthernore, deposition conditions different fromthe

condi tions enployed according to theresent invention can be selected for
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bar, in particular from10 to 100 bar and particularly preferably from 30
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particul ar Ly 5gﬁ@qu5@gefﬁ@t <400 . equi val ents of a conplexing agent and
from at Ieas 10 to 100, preferably from20 to 80 and partlcul arly

preferahly from to ui val ents of a redu nt an aqueous
- nedi um @y?ﬁﬁt "g]sag Prie%%’é‘?ﬂ SontSt YRR D Fo(‘?f"ﬁ%i g’ﬁ ai nabl e by a
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cat al ysts cemprisiorg aapolpmeronpor ous nonnetal lic support and a catalytically
active coating

Such catalysts preferably have a platinum metal content in the

25 range from 0.01 to 50 g/kg of support. The catalysts obtainable
by this process display a selectivity in the direct synthesis of
hydrogen peroxide from the elements of greater than 60%, in
particular greater than 70% and particularly preferably greater
than 80%.

30
The catalysts of the present invention are preferably used for
the hydrogenation of organic and inorganic compounds, in
particular for the hydrogenation of organic compounds such as
olefins, e.g. ethylene, propylene, acetylene or butadiene,

35 carbonyl compounds, e.g. aldehydes or ketones, and aromatics,
e.g. benzene, particularly preferably-for the hydrogenation of
oxygen.

The present invention further provides a process for preparing
40 hydrogen peroxide, which comprises bringing a catalyst as
described above in a liquid medium, preferably in essentially
agueous solution into contact with an oxygen/hydrogen mixture
having a mixing ratio in the range from approximately 5:1 to
100:1, in particular 5:1 to 30:1.
45



applied thereto, wherein the catalytically active coating conprises di screte
pl ati num netal particles having a nean particle dianeter of |ess t hiah Mab e
1 pin, preferably less than about 100 nm immobilized on the support
surface. The platinum 15 nmetal parti @les preferably have a nmean di aneter of
nore than Tt@éo%bsénﬂnimﬂmqaﬁ, 1i peweapRbeiddavrdiaget £ of Rhkhe range from
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{The presenthapmentdfonhei deyicespr ayi descrfipedt fsowse of the catalysts of the
present invention for the synthesis of hydrogen peroxide fromthe elenents,

both by e, ant Y AGYEDANSAIAGRSS, Ofne A A04LR0 ﬁs 90855, anfl By di rect

synt hesi % eac eén over ?1' ati num

en., and
metal c&f allj'zg‘fl‘? ri’md IpP Ei?}“ﬁ@dﬁ‘ﬂnfogiﬁ’%l 5?%‘35‘5‘75%? Bed, for
exampl e, iAW géﬂ/afe@Bef%ﬁhtlh’ t§lﬁ3é1=9ewrpm peumrdﬁwu@-@a Bprr &her ence.
The use of cehalysit degst Bevd, tihe gresemm henpestedntimmughhéheiresgttor in
cocurrent or in countercurrent, preferably in cocurrent.

25 The hydrogen is preferably fed inte the reactor via one or more
intermediate feed points downstream of the feed point for the
oxygen or the air. The empty tube velocity of reaction gas and
reaction medium is preferably in a range from about 20 to
7000 m/h, particularly preferably in a range from 50 to 1400 m/h.

30
As reaction medium, preference is given to using water and/or
C;-Cs-alkanols, in particular water and/or methanol. When water is
used as reaction medium, upto 20% by weight of the alcochol,
preferably methanol, can be added to it. If an alcoholic reaction

35 medium is used, it can contain upto 40% by weight, preferably
upto 20% by weight and particularly preferably upto 5% by weight,
of water. Very particular preference is given to using water as
sole reaction medium. To stabilize the hydrogen peroxide against
decomposition, acids whose pX; is preferably less than that of

40 acetic acid, in particular mineral acids such as sulfuric acid,
phosphoric acid or hydrochleoric acid, are added to the reaction
medium. The acid concentration is generally at least
10-4 mol/liter, preferably from 10-3 to 10-! mol/liter.
Furthermore, traces of bromide or chloride are generally also

45 added in concentrations of from 1 to 1000 ppm, preferably from 5
to 700 ppm and particularly preferably from 50 to 600 ppm.
However, it is also possible to use other stabilizers such as



synthesis O H202 is particularly preferred. 10 Suitable reactors for the
synthesis of H202 are described, for exanple, in EP-A-068 862, EP-ARQ% @%54
and EP- A-448 884. Particular preference is given to tube reactors in whic
the catalyst of the present inventi &2 is present as a bed or is 15 fitted
in the formeafaieehiyadrical catalyst units. optimumflow conditions for gas
and liquid can be ensured by appropriate shaping of the supports, as

descri bed ,gﬁove I reere enbodi 3 ?lgnls carried out with
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particularly preferably in rangefrom50to 1400 mh. 30 As reaction
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racid, in parbierdrly @reQr bl taACi3dS Bach laﬁp‘ihﬂtﬁ.bltﬁlé.?r aglodl, 10 phospheairc acid or
hydr ochl or lrﬁeagéacbtl%etaqgadaeueet Esnre@cltd ANrafRd bheo agdod concentration

1s generally be.L%S r%B ?%H)'e/o'obt 19{3) 9%%@&% m195 3tc;[ q:10- 11|=
mol/liter, { r rom de or E}OI’I ar e. géner al yalso
45 addedd ﬁaeah% TERICRERS U WPORPICT TGPt QIeFERaBIS (om 5 t o 700
ppm and pafireureaiofbpiaf BhafepcrPeniBd o theochprrHlatipgeyesy 248t is al so
possi bl e t preserathesedeabed izendasuche dydB oy eO8ent2ation ned dehypde. The
reacti on gahe Woirdxh g¥YosO6Priisd tnahden|dhehydaogesn avthdexyged. but al so
i nert gases such as nitrogen or noble gases, generally
25 The process described makes it possible to prepare hydrogen
peroxide solutions having hydrogen peroxide contents above 2% by
weight, preferably in the range from 3 to 25% by weight. The
concentration can be preselected by setting the streams in the
desired manner. The selectivity of hydrogen peroxide formation
30 is, for example, above 65%, preferably = 70%. Long-term tests
have shown that no decrease, or only a slight decrease, in the
catalyst activity and selectivity can be observed even after an
operating time of more than 40 days.

35 The invention further provides a process for catalytic reduction
* by reacting an inorganic or organic compound containing at least

one hydrogen acceptor group with hydrogen in the presence of at
least one catalyst according to the present invention, as
described above. '

40
The catalysts of the present invention are advantageous for the
hydrogenation of carbon-carbon double and triple bonds.

The invention is illustrated by the nonrestrictive examples
45 below.



5 has an 02:H2 ratio in the range from2:1 to 1000:1. Preference is given
to using a nolar ratio In the range from5:1 to 100.1, in particula,rﬁfm@qwj
20:1 to 100:1. The oxygen used in the reaction gas can also be mxed in the
formof air into the reaction gas. 13 n a preferred enbodi nent, the

reacti on gggamiesi rculated. In this case, the nolar ratio in the fresh gas
mxture is inthe wvicinity of stoichionetry, preferably in the range from

1.5:1to .5:;1. .The nolar ratio OF 02:H2 in the circulating gas should be
in the range qar]tc?r%yg:"e"lw%&fﬁﬁﬁpl, preferably in the range from15 20:1 to

100: 1. The reaction can be carried out at atnospheric pressure or at gauge
pressured OptalyZ301lbar. The pressure is preferably from 10 to 300 bar, in
particular from10 to 80 bar. The reaction tenperature can be in a range
fromO to 809G o3 gb&sabine Q8L Ssbie RA0G 300G i RakkkeH! & If kAMLZS tO
550C. The g0, Darliial By ergf%rfea-ﬂcé:@eca&%aay D 48385 HllglDe; f eact fon gas
ni xture both N, t'ne_reactor and ih the ¢ITeu azt-lng ggs are “preferably
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decreasé5 apdot] yrla of| repreniaatedshydiqrhipaiccagid yidt 2aét phitateands

sel ecti vi t padampendbser ¥ekbwedenoabteyp thirougpetiat igigstsi sphefesrmvert Aan 40
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cat al yst a%fc[(ir |£|gkroto ﬂe resent i n¥enlt|o§, is eschFeldr ed”above. 2 30 The

. cat al yst%® PHed proeSERP T | GHEal & Ho\Pan P adEd PGS ha92 Hy @V6FeRat i on
of carbon- PeFBeR WotbMenakes 1 Ansl EhpofRRETeFhare nyemt Gieshedi Yidsmoaesd by
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Cat al yst praedtchtan spheCat adnestehkn dried overnight at 75°C and 100 mbar.

25 One third of the activated glass spheres are placed in a
double-walled glass tube having a length of 1 m and a diameter of
2,2 cm. The glass tube is connected to a peristaltic pump for
circulating the liquid and a thermostatted bath for heating via
the double wall. A solution of 14.2 g of sodium hypophosphite,

30 32.8 g of ammonium chloride and 47.5 ml of 25% strength ammonia
in 412 ml of water is placed in the tube, the circulating pump is
switched on and the tube is heated to an internal temperature of
58°C by means of the thermostatted bath. A solution of 265 mg of
sodium tetrachloropalladate and 1 mg of hexachloroplatinic acid

35 in 10 ml of water is subsequently added. Vigorous evolution of
gas occurs and the glass spheres immediately become black. After
5 minutes, the liquid is drained off, the spheres are washed with
water and dried overnight at 75°C and 100 mbar. Analysis shows
that 87.4% of the available palladium and 77% of the platinum

40 have been deposited on the support. The coating procedure is
repeated using a further third of the activated catalyst each
time. Finally, all three portions are mixed to give Catalyst 1.

Catalyst 2:

45
Roughening and activation with tin and palladium are repeated as
described for Catalyst 1 using soda-lime glass spheres having a



850 m of soda-linme glass spheres having a dianmeter of | mMmare mxed with
850 nml of silicon carbide abrasive powder in a rotating flask for 24ghgungy
* The spheres are poured onto a 10 suction filter with perforated plate and
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1 ng of hexaehtetapisat samplacdd 35 in 10 ml of water is subsequently added.
Vi gorous evolution of gas occurs and the gl ass spheres i medi ately becone
bl ack. Aft%%tagy&j_@:t es, the liquid is drained off, the spheres are washed
with water and dried overnight at 750C and 100 nbar. Analysis shows that
- 87. 4% of%% he avail abl e pal | adi um and 77% of the plati num 40 have been
deposi t ed dnTrhelagmpFehereThre FaLIngned st gesivated asedesariRichdgoa furt her
third of tletatyswvated catalyst each tinme. Finally, all three portions are
m xed to give Catalyst 1. Catalyst 2: 45 Roughening and activation with tin
and pal | adigm af €of eRALEH; fstedleAGLELEINd Us GakabYsled WSk sOMaxly me
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. g O e¥Xachlorceplatinic acid, 80 mg of disodium tungstate,
30.6 g of ammonium chloride and 45 ml of 25% strength ammonia in
438 ml of water are added and the contents of the tube are heated
to 42°C while maintaining circulation. A soluticen of 13.6 g of
30 sodium hypophosphite in 14.6 g of water is subsequently added and
the contents are heated further to 46°C. After 5 minutes, the
solution is drained off and the spheres are washed with water.
Subsequent analysis shows that 88% of the palladium and 39% of
the platinum have been deposited. The procedure is repeated in
35 the same way using the other one third portions of the activated
support, and the three parts are subsequently combined to give
Catalyst 3. Analysis indicated a palladium content of 180 mg/kg.

Catalyst 4:

40
The procedure described for producing Catalyst 1 is repeated
without the hexachloroplatinic acid. Analysis indicated a
palladium content of 115 mg/kg.
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porosymetry pore volume of 0.005 m /g and a BET surface area of 0.018
n2/g. 5 270 m of the activated gl ass spheres are placed in the coatlgtg!g\\g 3005
"~ tube. A 5olution of 32.4 g of sodium hypophosphite, 72.9 a, of ammmoniu
chloride and 108 m of 25%-strength &fmonia in 540 nl of water is added and
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the three pgrdiyissare mxed to give the catalyst sanple 2. Catalyst 3: 20
1 mm gl ass spheres are roughened and activated as described for Catalyst 1.
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chl ori de ahgiddsfidorat 28%strength ammonia in 438 m of water are added and
the contents of the tube are heated to 420C while maintaining circul ation.
A sol utiongqgf, %;3 74 of 30 sodi um hypophosphite in 14.6 g of water is
subsequently added and the contents are heated further to 460C. After 5

m nut es, the solution is drained off and the spheres are washed with water.
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‘ot her one tshbsedgparttliyonseafed e abei vadteithg suppowith andollheidhrofe parts are
subsequent lng7conig ned rbenghMan cBabaiystardi WNalyst 299 dieaheth ampahiadi um
content of i:8900UikGs weBbAlatH nbarél J@ezﬁboﬁﬁfw tadGegihPRfd for producing

Catalyst |sr ete % t gx roplati.ni c Ana
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ater lS ad in two portions fter 20 mlnutes, the contents

of the tube are heated to 40°C and the reaction solution is

circulated for a further 15 minutes at this temperature. After

draining off the liguid, the catalyst 1s washed with water and
25 dried at 75°C and 100 mbar.

Analysis shows that 87% of the available ruthenium have been
deposited on the support.

30 Catalyst 8: Comparative example using a porous support

375 ml of a-aluminum oxide spheres having a diameter of from 1 to
1.5 mm are activated with tin and palladium as described for
Catalyst 1. They are subsequently placed in the tube reactor and
35 treated with a solution of 41.9 g of ammonium chloride, 18.6 g of
sodium hypophosphite and 62 ml of 25%-strength ammonia in 600 ml
of water and heated to 60°C. A solution of 346 mg of sodium
tetrachloropalladate and 1.5 mg of hexachloroplatinic acid in
13 ml of water is added and the contents of the tube are heated
40 to 40°C. After 10 minutes, the liquid is drained off and the
catalyst is washed with water.

The procedure is repeated once more and the two parts are
combined to give Catalyst 8.
45



The procedure described for producing Catalyst 3 is repeated with om ssion
of the roughening step. Analysis indicated a palladium 5 content of. 2&@ 5
ng/ kg. Catal yst 6: The procedure described for producing Catalyst 3 is

repeated, but 10 the surface was rouzgened not nechanically but by etching

W th hydr@glcygrgt(:gamd Catal yst 7: 15 220 ml of gl ass spheres having a
dianeter of 1 mmare roughened and activated as described for Catal yst 1.
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treated twice with
Catalyst 10:

700 ml of steatite spheres having a diameter of 1.5-2.5 mm

25 (having a pore volume below the detection limit of Hg
porosymmetry and a BET surface area of 0.005 m?2/g) are treated
twice with palladium chloride and tin chloride as described for
Catalyst 1. 340 ml of the activated spheres are placed in the
coating reactor. After addition of a soluticn of 18.6 g of sodium

30 hypophosphite, 41.9 g of ammonium chloride and 62 ml of 25%
strength ammonia in 500 ml of water, the contents of the reactor
are heated to 44°C while maintaining pumped circulation. A
solution of 83.4 mg of sodium tetrachloropalladate and 4.8 mg of
hexachloroplatinic acid in 8 ml of water is subsequently added

35 and the mixture is circulated further. After 20 minutes, the
liguid is drained off, the catalyst is washed with water until
free of salts and dried at 75°C under reduced pressure. The
procedure is repeated once more, and the two portions are then
mixed to give Catalyst 10.

40
Catalyst 11:

740 ml (447 g) of polystyrene extrudates having a diameter of
1 mm and a length of 1.1 mm (having a pore volume below the

45 detection limit of Hg porosymmetry and a BET surface area of
0.029 m2/g) are activated with tin and palladium as described for
Catalyst 1. Half of the support is then placed in the coating



pal | adium chloride and tin chloride as described for Catalyst 1. 340 ml of
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hexachl &Popl atl n| c acid in 8 m of water is subsequently added 35 and the

m xture isCetzlydtatléed further. After 20 minutes, the liquid is drained off,
the catalyst is washed with water until free of salts and dried at 750C

under redug@@l rplreﬁfst;rﬁm &8 e tRN eﬁesltgs&yama@p@a(@ctrqms‘@n@j Ercangathe two
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g of 25% strength ammonia in 160 ml of water is added and the contents
25 of the tube are heated to 45°C. Subsequently, while maintaining
pumped circulation, a solution of 137 mg of sodium
tetrachloropalladate and 0.52 mg of hexachloroplatinic acid in 10
ml of water is added followed by 67.7 mg of disodium tungstate in
5 ml of water. After 25 minutes, the solution is drained off and
30 the pellets are washed with water. The coating procedure is
repeated using the remaining activated support (in 2 portions).
Finally, all three portions are mixed to give Catalyst 12.

Catalyst 13:

35
750 ml of 3 mm glass Raschig rings (having an Hg porosymmetry
pore volume of 0.036 ml/g and a BET surface area of 0.034 m?/g)
are activated with tin and palladium as described for Catalyst 1.
One third of the activated Raschig rings are placed in a

40 double-walled glass tube having a length of 1 m and a diameter of
2 cm. The glass tube is connected to a peristaltic pump for
circulating ligquid and a thermostatted bath for heating via the
double wall. A solution of 15.6 g of sodium hypophosphite, 35.1 g
of ammonium chloride and 52 ml of 25% strength ammonia in 430 ml

45 of water is introduced into the tube, the circulating pump is
switched on and the tube is heated to an internal temperature of
46°C by means of the thermostatted bath. A solution of 250 mg of



ammoni um chl oride and 62 ml of 25% strength amonia in 620 m of water is
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Catalyst 15:

100 ml of steatite spheres having a diameter of 1.5-2.5 mm are

30 treated twice with palladium chloride and tin chloride as
described for Catalyst 1. The activated spheres are placed in the
coating reactor. After addition of a solution of 40 mg of
hexachloroplatinic acid (as 1% strength solution in water),
21.6 g of ammonium chloride and 32 ml of 25% strength ammconia in

35 220 ml of water, the contents of the reactor are maintained at
24°C while maintaining pumped circulation. A solution of 200 mg of
sodium borohydride in 7 ml of water is subseguently added in two
portions and the mixture is circulated further. After 40 minutes,
the liquid is drained off, the catalyst is washed with water

40 until free of salts and dried at 75°C under reduced pressure.

' Analysis shows that 60% of the platinum have been deposited on

the support.

II. Use properties

45
The propeties of the catalysts were tested in the direct
synthesis of hydrogen peroxide from hydrogen and oxygen (Examples



switched on and the tube is heated to an internal tenperature O 460C by
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Catal yst514: 5 nm of soda-line glass spheres are roughened and activated as
descri bed tgamrQat al yst 1. 115 ml of the activated glass spheres are placed
in the coating tube. A solution of 6.8 g of sodium 15 hypophosphite, 15.3 g

of ammoniu qr.i % .Stt a La in 228 of ter
i s added agdg cmr%je‘ ecgﬁ%gérys%%%?%fﬁ{éat%ﬁ%jgr égf}%&rhla%gggff 2%%%'\%/2%?@“‘3,\6

mai nt ai ni ng PRATEAOL cf M UiSatPBRISA B Ut PoRIBIT 3. 80t aTGdR URTessure

t et r achl8r epadl ddarea $HFI®PLo Sk @f PBosphmaquestfyandided aadl puhped

ci rcul ati ony@fbden: dboohidricich wAtéerid aldomatieso tihieklieqtuhdough dhai ned of f and
the suppoeheshyeat 8bysit is reashed ¢ minaker nodhe aatabysind Timsybgsequent |y
dried overgi gty lbe 750G AN ckB0ADMa shaC 08I, (BT BEEAM & oS phepeal ed
using another 115 m of thé ac |vatt_ed Ia%E S a?ére%, agd t he th ortions
are nixed PSR V& EaPaf yst™¥4%The %"%&I di e RE of T PhEREaE R yst i s
71 ng/ kd> dewianset1s: T of 18£0Q 1andpEdspher &en §9F Bl st Ueaket er  of
1.5-2.5 moaneratd@ byenears tofi cwownass fdloWwaue ben s Hloor hatéregeh taind chl ori de as
‘descri bed bayg&at aitgstodposiid cact & vadiadmd phar &5d ardjupladediin thikeaigoat i ng
reactor. Abkes @fGinhi0Bouck i%akyt 8oeiord8val WicHhexaghl prapsatbpkc acid

(as 1% st r?fg]g%ggs%qll uti Q@fiz%s\év%%gé%m_ 21.6 g of amonium chloride and 32 m of

25% strer%ree’g nmonia in of water, the contents of the reactor are
mai ntai ned at 240C whil e_nmai ntai ni ng punped circul ation. A solution of 200
ng of sodithfh BBy Afi BEdTeper RPRBFTRHIR the TedSeRie Pl JYHREER in two
portions apdrehEdenianduvetes is cedfalatkd drohethe Mfassy iaflovhutfeshe t he
liquid is dunaemethdfttpmt tise ceftfakyst stiseanashed with water 40 until free of
salts and dried at 750C under reduced pressure. Analysis shows that 60% of

the plali§1%ﬂhh§¥$hdﬁ%eﬁiggﬁﬂ§ifé%@iﬂa tﬁé“%é%é&@gﬁttube is separated from

the gases in a separator while still under pressure and is
discharged from the plant in ligquid form. The mass flow is
balanced against the feed stream. The hydrogen peroxide content
in the liquid product is determined by titration.

30
The selectivity based on hydrogen is calculated from the mass of
the output stream, the hydrogen peroxide content and the amount
of hydrogen consumed. The space-time yield is given by the amount
of hydrogen peroxide formed per unit time divided by the volume

35 of 690 ml of catalyst bed in the tube reactor.

Examples 1 to 9 and 11 to 19 and Comparative Example 10 were
40 carried out using a method analogous to Example 1. The reaction
conditions and results of the reaction are summarized in Table 1.
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11. Use properties

di rect
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hydr odehydr ol i nal ool

to E19) and in the hydrogenati on of 2-ethylanthraqui
(Exanpl es E20 an3i0E21).

45 The propeties of the catalysts were tested in the
synt hesi s of hydrogen peroxide from hydrogen and oxygen (Exa

it

Exanpl es El-E9 and El | -EL9,

Conmpar at i veakxanpl e CE10: 5 Exanple 1 A doubl e-walled reactor having an
internal dianeter of 2.1 cm an a length of 2 mis charged with Catal yst 1.
At 400C anfiea. pressabyet [L0.qofid$Gabafiowa EDI(GC) qisedkch |ghbhcoft digephori ¢ aci d
and 120 ng[| of |Ndydrogdflbrwom)détamiavat pr i s gltiovied |ttoet ri ckllcentbroeugh t he
catal yst bged at|a rate dfm23d)qil/per houy. At tH&)samgytieh®, otrakcxomre¢ of
3% of hydr pgen and 97% df oxygeén is circpl ated |by negng/dkha |gédd conpiessor
t hr ough thaEpat Al ySt bedzishom GThgsEOp 15! fpwnviigd at gsgat € of| 150400
St andard 1fh—+Hhe—gas .,Txturc Hs—genetrated—by—reans—gi—two :ﬁss—#—i—w-riret ers
for hydrogti®and® oxygen?5Pts domp®%itioffds deto@r ni ndf3and adiidsPed wit h
the aid ofea tlhernal corsd)uhctlwlsyomet eciar ovgr7awhi chh7a smal | %ubstrﬂim i's
passed as gff~ygas—StTEamM- 20 Tt ot o hydriggen umed . -tthe—Treact i on
to hydrd@hiédpplZYidp anéoénfprﬁpgﬁgalhu éﬂpd frnn1fﬁﬁ5§n<< i 1 t he
gases and {Bam {Re of f- ga@P0st r gaRE025 ThE3Hr oduyd3 mi xtj@le | eavi’ng t he
reacti on t(ipe I $2separ atledof roiobe gaspso I N a @eparct5gr Wm e -SEI T T ynder
pressur e apg—tst—etsehargesd—amthe pla. At rerm—he TS .L#xwis
bal anced a@il ns{’the feé q“’;étreer]Dh e hy %qen neg’romd conten G'Pn t he
liquid progegt i[8 deternit®d by 1OEDPat i o0 30 TiHe® sel 4 [
hydr ogent? bEgal ¢glated Tgyp tn 1l@‘§§§ e o )
per oxi de coht-ent—and—thelarpunt h\"*r bgen '“EFEEE =1 '
is given by“EHR {&npunt 9%y drldQ8R° per okWe fopifed pdd unit tj%8 divi ded by
the vol une |8510f1690 n (focmat 3 ’Ilyost)obed 50t he fatbe reaqtor. Bpearpl es 1 to 9
and 11 to :El%HleUdeld 5% XIBRLE T Eﬁt; 40, T Ut uUSfITg A metthod
analOgﬁg% nnln ] e reddétian opditions and rlesults the regction
Care sum®lilB&¥ i[ACTabl e 1500 45 [10400 55 72 26 10 2
E14 |11 250 10400 29 25 25 5.6
E15 13 250 15600 40 65 34 8.2
El6 |13 500 15600 40 75 37 4.7
25 |E17 |13 250 15600 50 60 44 10.4
E18 |13 500 10400 50 79 33 4.2
E19 {9 500 10400 40 90 43 5.5

30

As Comparative Example 10 using the catalyst 8 which is not
according to the present invention demonstrates, catalysts on a

porous support as described in the prior art have a significantly

35

40

45

Example 20: Hydrogenation of 2-ethylanthraquinone

hydrocarbon mixture (Shellsol®) and 30% by weight of

lower activity than the catalysts of the present invention.

tetrabutylurea is allowed to trickle continuously through the
catalyst bed at a rate of 2700 ml/h.

from the gas in a separator and discharged from the plant in

A double-walled reactor having an internal diameter of 2.1 cm and
a length of 2 m is charged with Catalyst 4.
pressure of 10 bar, a soclution of 13% by weight of

2-ethylanthraquinone in a mixture of 70% by weight of a

At 409C and a hydrogen

The hydrogenated solution leaving the reaction tube is separated



6 MAY 2005 30 Table I No. Catalyst Liquid Gas f low T (OC) el ec- Space-t
H202 No. f low (Standard tivity inme concen- (m/h) I/h) 06) yield trﬂag'g%@p §
(g/lxh) (% El 1 250 10400 40 161 58 13.1 E2 1 250 15600 40 65 63 13 i‘:ﬂg
1 500 15600 41 71 77 9.4 10 E4 1 500310400 49 64 95 11 E5 2 500 10400 38 83
61 7.5 EGidu280:A00 40 69 55 12.5 E7 2 150 10400 40 65 48 16.9 E8 3 500
10400 40 59 61 7.4 is E9 3 500 10400 50 52 88 10.1 - CE10 8 500 10400 40 58
8 0.9 EI _10 1000 10400 50 84 9 .3 E12 10 1000 10400.55.79.103 5.9 20
CIT 3 10750 DA 58 930RE 5 5YiRn BN P gh ity gty AT s 1o
250 15600 2HVE5SRP ®5 73E18nd P 5F3eT5600CUP75237% 41y ZESPEER 98 250 15600 50
60 44 1 2-cEbplad:laehyigaQoimsmerg 33 4.2 FE19 500 110400 140 190 143 15.5
30 As Conparative Exanple 10 using the catalyst 8 which is not according to
the p_resert_txah?ysniip@ay@%?@ﬁé{ﬁrﬁ%,f_ 638RbYHyrBRiAa1 ROr OUS support as
described in the prior art have a significantly |ower activity than the
catal ysts of the present invention. 35, Exanple 20: I—%ﬁiro enation of

2- et hyl ant$tadushotte ¢15dobi etRAYPE Wé%l(’:tlgrdrl?gﬁpﬁﬁr RAERINLF RSt er of
2.1 cm bhdin 2 Hewgierwsfllgdntike divarigodaviiidmetgrap§s? an. Ry 168G afd a

hydr ogen gupesprietofpupshathe al Rplidt bod lofdrbdnmbyrewet OittulaktedOat

2- et hyl anthragdi none doecaad stddLsabt 70%a P BLERbuES & 2b¥dRoGar ben m xture

(Shell sol Ogac%ngaéé?% 4REOhi ool at%ggawwlrwd%g@ag%%%ed totrickle
¢ TR TS 25 ed At Oom/h. 45 T
o bgomaT o GE P (! REP YT IBaE P OrOT UBE /Pootd Bl iy i dhhe gas

in a separat’df-and discharged fromthe plant in 6 MAY 2005
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31 liquid form Analysis of the output solution by gas chromatography
I ndi cated a conversion of 73% and a selectivity of 99.9% in respect of 5

- 2-ethyl ant hrahydroqui none. Exanpl e 21: Hydrogenation of hydrodehydrolgpgl%
Catal yst 14 (152 m) together wi th hydrodehydrolinal ool is placed 10 ) ¢
doubl e-wal | ed tube having a dianmeter ¥ 2 cm By neans of appropriate
punps, the liquid and hydrogen are circulated at 1.1 bar and SOOC at
Cross-sect {yana 5 dxhr oughput s of 200 M3/ M2 in each case. The acetylenic
al cohol is hydrogenated to hydr oI i nal ool at a conver sion rate of 15% h and
a selectivity of 15>%8% 20 3 40 45 | MAY 200.5 32 we
claim 1. A-prBcRs¥sss BFO’H&C}W‘F@'D& Ea?%T StCSH‘EWJﬁJﬁ@ At t83%t BRe 5
pl ati numSnet al PHREEYWOABERLURY FoAPBRPAFPIT IANPESAL L iGHRUERerEoniides
activating theceuppcets bytiveationghet suptdrta byr edeat gy dgenitland a salt of a
pl ati num et al raggei®] agbhol &%sly sdeposktd @ga@&nhﬂaﬁtﬂnanal atinum nmetal on

the activat ed&é@&f&rﬂeg@ggba%é@al Pgtléqy&%so ah%g@ﬁ%ﬂ%géwgoﬂh@ | east

one conpound or one co num net a east _one redu0| ng

agent into confattVal SPHEO ‘Hﬁﬁ' NG i 3@8?8”%@%‘4%8@?5&

wher ei n ¥%he suppest %GOPEOU At &r8l Cﬂ*ﬁEJ@r’i &F 3ePbrtiowm rekRhiivy a@er ani ¢
materials, is geassesmecameddntiqragenthéntofcordachA pivtaeds asppdatnmed in
either of the preceding clainms, wherein the surface of the support is

Puduerng Bl R BRI AL B, Sty f BISESE % BRTR0 AN O 11
vol ume of not rrft')lr%e]ié}'ul maaeﬁlﬁ% efgeg Bom raén(%élgsc%rsar%cy rrgﬁ dny of the
precedirﬁf C|a|ﬁgas§ﬁﬁﬂq¥dnmlxtures ‘thereof

3. A process as claimed in either of the preceding claims,
wherein the surface of the support is roughened priocr to the
activation.

20
4. A process as claimed in any of the preceding claims, wherein

the support used has a mercury porosymmetry pore volume of
not more than 0.1 ml/g.

25 5. A process as claimed in any of the preceding claims, wherein
the aqueous medium used for the electroless deposition
further comprises at least one compound of a metal of
transition group 6, 7 or 1 or the iron group or of bismuth.

30 6. A process as claimed in any of the preceding claims, wherein
the agueous medium used for the electroless deposition
further comprises at least one ligand which is capable of
forming a complex with the platinum metal.

35 7. A process. as claimed in any of the preceding claims, wherein
a reducing agent having a standard potential of not more than
+0.5V is used for the electroless deposition.

8. A catalyst obtainable by a process as claimed in any of
40 claims 1 to 7.

9. A platinum metal catalyst comprising a nonporous nonmetallic
support and a catalytically active coating applied thereto,
wherein the catalytically active coating comprises discrete

45 platinum metal particles having a mean particle diameter of
less than about 1 uym immobilized on the support surface.



the aqueous nedi um used for the electrol ess deposition further conprises at
. least one conpound of a nmetal of transition group 6, 7 or 1 or the ig QR 00
' group or of bismuth. 30 6. A process as clainmed in any of the precedlanﬁ
claims, wherein the aqueous nedium gged for the el ectrol ess deposition

fu”]hte[] COJ{H)["ﬁi%SuQE J)Eaér%ci(%;!@ yhi 08¢ 1¥hineh 1§ SanRgbkecpfy ﬁogr ;Eh@g a cogpl ex
Wi epa| a o e preceding
cl ai s, vvherel a re%%ic? ng faa'relé\f%la%e%gﬁdagg dé;r%g) Eoflg@%l of not nore

t han +0 5V is used for the el ectroless dep05| tion. 8. A cat aI yst obtainable
by a procekk dheckapned ¢irisnylof vhepreis é?lﬁ’sllloﬁ@ﬂﬁc gompoyichtiSnum net al

cat al yst5conpmcgierglar nexyEmote abvaret dlydrogesuppardidend a catal ytical ly
active coati ng applied thereto, wherein the catalytically active coating

conpri ses 1({5 gPtf%t égspk ﬂ}"é?ag?;x?mﬁ!otgbﬁl gg $3?1V ng a gg&nc part| cle

di t | 6 MAY
Soon 55 0. THEIEEE: Witk SPPRr s GOREASHL ac|caltﬁ3§§§rasg a6

hydr ogenat i on ¥¥ qlﬁewg%r@% Qi@ 8r §EEEC TeRpBUNESth PRYIFRcaRE dYSFOgERl m 10,
wher ei n10he i norgani c conpound is 5 nolecul ar oxygen to obtain hydrogen

peroxi de. 12, A groeeesSad aflfimeRah ngldixdnogenh Rel Gonge i bys difieeting

synt hesi s, whi at.al aim8 or 9
i% a liqud 12?9 %%@ﬂ%é@%r&@"%%ﬁ%&ﬁ@ 0% La M:%%gégh%% mlxq:u%‘lagl A

ess

claim 13 whi G EoR BEETE RS TR (TS SRPEPySTOT A6 S0n Bt® VCDA an
oxygen/ hydr ogeh Higeidr BedH ng a mixing ratio in the range from about 5:1
to 100:15in a liquid medium 15 14. A process for catal ytic reduction by
reacti ng amdi nergaitieesofor ofgaliye ic orgiittd oaohy at ¢ddid nat ah easirganeéchyer ogen
faccept or gr OU@rg‘/HrIﬂ& byepoGan doathhei iy esenegsof o HyR@shepNBGEphakyst as
claimed in cl a&;fglﬁ: erltg h%?rog%‘rh 1§0th§%re%%ncé5of at least one catalyst

as claimed in claim 8 or 9.
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