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the support can be used in the form of relatively large units,
e.g. in.the form of granules, beads or, in particular, woven
. meshes,: gauzes. or 'shaped bodies such as monoliths. Such supported
30 catalysts are usually used as fixed-bed catalysts and make it
- possible towgarry out catalytic processes in an economically
advantageous continuous manner.

The application of the catalytically active metals to such porous

35 supports is usually achieved by impregnating the support with
solutions of salts or organometallic compounds of the
catalytically active metal and subsequent immobilization by
precipitation, hydrolysis, heat treatment, calcination and/or
reduction. This usually necessitates repeated heating of the

40 impregnated catalyst to from 200 to 1200°C. Thus, for example,
DE-A-2 317 560 describes the production of a catalytic device by
impregnation of a mineral monolith with a melt of
trialkylaluminum at about 120°C, treatment with steam at
120°C/18 psi and subsequent firing at 400°C. The procedure is

45 subsequently repeated using tetraalkylzirconium and the oxidic
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obtained are suitable, for example, as an inexpensive substitute
30 for gold-coated metal parts in the electronics industry. However,
substrates which have been coated in this way are unsuitable as
catalysts.

Attempts have therefore been made to coat supports, including

35 metallic supports, by impregnation with the catalytically active
metal in soluble form. In order to cbtain the porous surface
necessary for impregnation, the surface of the metallic support
is oxidized or, for example as described in EP-2-0 075 124, a
porous oxide layer is applied to the metallic support and this

40 is, as described above for porous nonmetallic supports,
impregnated with the catalytically active metal. The catalysts
obtained in this way display a good catalytic activity but are
not suitable for many reactions in aggressive media because,
particularly at low pH values, dissolution of the oxide layer and

45 thus irreversible deactivation of the catalyst ocecurs.
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strongly aci |c sol ution 2.2) using sodi um hypophosphite as reducing
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sodium hypophosphite as reduc1ng agent. The reduction of the
30 noble metal takes place in strongly acidic solution in the
presence of the support metal and leads to the formation of
finely divided noble metal particles in the solution which
becomes turbid and gray as a result. With increasing reaction
time, the solution is decolorized to the extent that the noble
35 metal deposits in the form of a black coating on the support.

In “Studies of Surface Science and Catalysis”, Volume. 118,
pp- 63-72, J.P. Reymond describes the production of
metal-supported palladium catalysts and their use foxr the

40 hydrogenation of acetophenones. The catalyst is produced by a
method based on the work of Kosak, and here too palladium
chloride is deposited in strongly acidic solution (pH < 2.2)
using sodium hypophosphite as reducing agent. Reymond, too,
observes that the aqueous reaction medium becomes turbid and dark

45 before commencement of the deposition of palladium on the
metallic support, which Reymond attributes to the formation of
very fine palladium particles in the agqueous medium. Reymond
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Conpar ed ttttﬂﬁet@pgvéoﬁgsqqiq;égcﬁrpgrthe present invention to provide an
30 improved process for producing metal-supported platinum metal

catalysts which ensures very complete deposition of the expensive
platinum metal and good adhesion of the noble metal to the
metallic support. Furthermore, the catalysts should have a high
catalytic activity and selectivity for the direct synthesis of

35 H,0, from hydrogen and oxygen. The catalysts should also have
improved operating lives.

We have found that this object is achieved by a process for
producing metal-supported catalysts, in which process an agueous
40 reduction solution which comprises at least one platinum metal
complex, at least one reducing agent and a complexing agent and
has a pH of greater than 4 is brought into contact with the
metallic support to deposit the platinum metal, with the
deposition of the platinum metal on the support surface occurring
45 in the form of discrete, immobilized, i.e. firmly anchored,
particles from the homogeneous, agqueous medium. In the text which
follows, the term “platinum metal complexes” encompasses both




art, no internediate turbidity caused by precipitating netal parti c{&sﬁplnz

.therefore observed when carrying out the coating process accordi nd 003

present invention. The catal ysts produced according to the present

i nvention neverthel ess have 10 excel lent catal yst properties, contrary to

the assunption of Reynond (see abov®) . Moreover, essentiall uantitative

‘deposi ti ognefatdri plrathangedetairdinanidtheogpburdpransanlbe s& 11=1'r?:5e‘\)‘4?d. The

catal yticg U d¥r pdue e GRARIE NITH dgieoupr BsRiti onnmedl donis

surpri st nohg Qag/neeo%fsh' Qﬁra%{‘?& oLES| Gt aREeples EMENnvant N6n Ctseh Glo gr eat

nmechani cal 'f‘r ss, for _exaﬂ? as in t e hégrg {%aq&rogxbgemgy t hesi s due

to a hi ghtPRPHRHHDRE GASCRrPXARER AgPHHS PAn ﬁl% iquid circul ati.on. Even

af t er pBobanyieiespanabeoabseryasechahParad §et Eﬁﬁnﬁﬁv%'gefﬁﬁhl&e. A the

process Ofrthen@riasennedhsenttiwumidihy ceped byopredinitetipsametiim netal is

preferabl yacarsigd QuicnaYe 8r &l ob@Smenetboging .ant nbe byating

‘23'59? rofﬂg%@és %fdgt&lh by @@iperQQnPfi'[rﬁienEQQHQiﬂga %Qalytﬂst he s?lh ution.
or Fposes of the presen i e

nobl o ot BFGBFSS |ShATAEan bF U VEPFony Aianplef IWEIRNEsS M |

rhodi ud0 prrelleRt ﬁeﬁqa&dﬁﬁn?r%ﬁt&ﬁffi??’mf&fﬁaﬁa PratdSTine g‘é?c ;

Pr ef er enc8eysonyd vieree @boueherfennoveRode RN tHRLE R dTMAREEt PPat i num and

particul agepeefei®@naE ithegpVanitun petahdinem &hed 8Olptimn gam PFhe catal ysts

of the prggsgibylayeild QRAtaaPt LOMYakIfge prducaldi tycafdiplgationtihenet al s.

E? Lr érZ'nL 9?%%?3%&%3&1%% EDEor 1 i3h DU SRR gHERbE AR e isenRed vabl e;

nto onbl hat i ons; of . pal |_adi ' o}
pal | adil®ne¥RB FRcHFIRasSoPt p&F ¢ TP 2Rt 1T i%’?ﬁﬁ?’ 2?9’:(% irisnh;p:li%t i num
and rhodi Gheah¥dBBIRN REICKABE Uty P EIESEE ndeR Hfd & PRET Y rﬁépﬁaﬁu cul ar|y
pref err ed ciconbating arrs 2ngahighlilianadderelardan - | Bveh e IS TH PRI PRIR

conpri si ngppakt 26k Mo paichadica preabehméhly isefoesdats the nmain  platinum
nmet al conponent. The proportion of palladiumis then preferably above 40%
by wei ght .._preferably abgv 09 ls AN hRaRL pSSH aldny o’ €hET abl y
above %g%lﬁ‘yt\%si Eﬁ??élsbsag_’(e%d%c}g {{%@@n\tﬁg% gﬁﬁ%ting@ ggtgi &anhert. The
further pPIRtARRPRELHAS %Pﬁﬁfe’ffﬁi}ybgaﬁ%senot as secondar v .Gonsti.t yents can

in each camshodenir¢ bt By EETIRBEMHER HHICANS: BEEr BY| 38 2608 by
wei ght anddpaihfjcagant ytoptbeesabibionp to 15% by weight, of the total 45
pl ati num netal content. The platinumnetals preferably conprise from380 to

100% by, y&i ght paf .pALL Al WP 2Rd SFmn® Leva%day piet Ohim efetpllat anem or
diridium’ I St Eases,, 110m Lo of ok, YrkiSER 205 sbliet rawme et al <
speci fi ed EORpE T e ]tshanng i) |§%t of the " appynty, of,4PLat i Db met al s
used. |f LaRgLH pPaETHlmFeLaP™ s‘yﬂlﬁgﬂ Tt ec,’c?"blymf'ur?ger "lat hum et al s,
the |atterisded -g@refarence gsegéyrn %9 aHbheR L TGPELIRY F{)ar};ﬁdéflﬁoigo by
wei ght, prgfaarialbhy and particular preference is given to palladium and
30 platinum. The catalysts of the present invention can comprise a
plurality of platinum metals. Here, all combinations of the
platinum metals mentioned are conceivable; preference is given to
combinations of palladium and platinum, of palladium and rhodium,
of palladium and iridium, of palladium, platinum and rhodium and
35 of palladium, platinum and iridium. The particularly preferred
combination is palladium and platinum. In the combinations
comprising palladium, palladium preferably represents the main
platinum metal component. The proportion of palladium is then
preferably above 40% by weight, preferably above 60% by weight
40 and particularly preferably above 80% by weight, based on the
total platinum metal content. The further platinum metals which
may be present as secondary constituents can in each case
contribute up to 30% by weight, preferably up to 20% by weight
and particularly preferably up to 15% by weight, of the total
45 platinum metal content. The platinum metals preferably comprise
from B0 to 100% by weight of palladium and from 0 to 20% by
weight of platinum or iridium. In most cases, from 1l to 3 of the
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30 amounts of from 0.01 to 20% by weight, preferably from 0.1 to 15%
by weight and in particular from 0.5 to 10% by weight, based on
the platinum content.

In the process of the present invention, the platinum metals are

35 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.

40 The process of the present invention is eminently suitable for
producing platinum metal catalysts in which palladium is the main
platinum metal component.

To product catalysts comprising palladium, in particular
45 catalysts comprising palladium as main platinum metal component,
palladium(II) complexes are preferred. Palladium(II) complexes in
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ent_ o
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30 diethylenetriamine 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
phosphine, trimeric, secondary and tertiary C;-Cg¢-alkylphosphines
35 and Cg-Ci2-arylphosphines, in particular triphenylphosphine, and
sulfides such as C;-Cg-monoalkyl and -dialkyl sulfides,
C¢-C;o-monoaryl and -diaryl sulfides and oxygen compounds,
di-C;-Cg-alkanols and phenols and also their ethers.

40 Particularly preferred complexing ligands are the halides
chloride and bromide; amines, in particular ammonia and
triethylamine, cyanide and ethylenediaminetetraacetic acid, and
also the di-, tri- or tetra-alkali metal (e.g. sodium) or
ammonium salts thereof. Preferred counterions are alkali metals

45 such as lithium, sodium and potassium, alkaline earth metals such
as magnesium and calcium, nitrite, nitrate and ammonium.
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bor on- hydr ogen conpounds or borohydrides, e.g. boranes, netal boranates
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agent mixture has a solubility of at least 1% by weight,

preferably at least 10% by weight, in the aquecus medium at room

temperature (25°C). In preferred embodiments of the present

invention, the reducing agent or the reducing agent mixture is

30 virtually completely soluble in the agueous medium.

Examples of suitable reducing agents are carboxylic acids such as
formic acid, citric acid, lactic acid, tartaric acid and in
particular the salts of carboxylic acids, preferably the alkali

35 metal, alkaline earth metal, ammonium and C;-Cjp-alkylammonium
salts, phosphorous or hypophosphorous acid, salts of phosphorous
or hypophosphorous acid, in particular the alkali metal or
alkaline earth metal salts, C3-Cjp-alkanols such as methanol,
ethanol, and isopropanol, sugars such as aldoses and ketoses in

40 the form of monosaccharides, disaccharides and oligosaccharides,
in particular glucose, fructose and lactose, aldehydes such as
formaldehyde, boron-hydrogen compounds or borohydrides, e.g.
boranes, metal boranates and borane complexes, e.g. diborane,
sodium borohydride and aminoboranes, in particular

45 trimethylaminoborane, hydrazine and alkylhyradzines such as
methylhydrazine, hydrogendithionites and dithionites, in
particular sodium and potassium hydrogendithionite, sodium,
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have at least partial Lewis base character

30 preferably selected from among metal oxides, metal hydroxides, in
particular alkali metal hydroxides such as sodium hydroxide and
potassium hydroxide, metal carbonates, in particular alkali metal
and alkaline earth metal carbonates such as lithium carbonate,
sodium carbonate, potassium carbonate, magnesium carbonate and

35 calcium carbonate, nitrogen bases, in particular ammonia,
primary, secondary and tertiary amines as described above in the
discussion of the nitrogen-containing complexing ligands. Buffer
systems, particularly those comprising the abovementioned bases,
the salts of the abovementioned bases and/or suitable acids, are

40 also suitable. Particularly preferred bases are ammonia and
agueous sodium hydroxide solution.

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

45 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 which is not water is preferably selected from
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hydrohal i goqci d8 SH§ hi32ca%eh¥drogen brom de, hydrogen chloride and
hydrog%1 i odi'de, the met aI salts of the hydrohal i ¢ acids nentioned, in
a

artic r the _al kali and a ine earth salts, and al.so tin
i hal | dos Tr PRETATRGH | TRDCEARDR: i D8 PEOSEER 26 ABREERTE Vsredan
amrohi um B—rhGnﬁ&EeO‘a%mﬂwm iedpaRen Ay GRERI T iTFE2NA0 SAhiitfm nitrate,
the alkali netal, alkaline earth netal and amoniumsalts of carboxylic
acids and .ﬂi:)éd‘ltoxyﬁﬁrﬂﬂé()ﬁﬂaﬁ:laﬁhdﬁetaf c@Pmpd et Wheaneddaripot agaitumndatheat e.
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Pr ef er abl IS a yeous

t a
bef ore thé1 YERIEP NG 8ﬁd% °f01513 £l oPﬁOer 2"% of I HBRTS br° m?idt%@
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agueouszsredichimcafngiéieng agents are donors or salts of donors. Suitable

donors generally have a free electron pair which can interact
with the metal ions. Complexing agents which are particularly
suitable for the process of the present invention are those which
contain the abovementioned hetercatoms as donors. Examples of

30 suitable complexing agents are the metal salts, in particular the
alkali metal and alkaline earth metal salts, of the compounds
mentioned above as complexing ligands for the platinum metals.

Particularly ueeful complexing agents are hydrohalic acids such

35 as hydrogen bromide, hydrogen chloride and hydrogen iodide, the
metal salts of the hydrohalic acids mentioned, in particular the
alkali metal and alkaline earth metal salts, and alsc tin
dihalides, zinc dihalides, ammonium salts such as ammonium
chloride, ammonium bromide, ammonium iodide, ammonium nitrite,

40 ammonium nitrate, the alkali metal, alkaline earth metal and
ammonium salts of carboxylic acids and hydroxycarboxylic acids,
e.g. sodium and/or potassium tartrate.

45
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for el emenlg,sual ééeweimmggﬁénmrgade@arbon, ni trogen, oxygen,
" si |ICerb phosphorus, sulfur and further transition nmetals 30 to be

present”” I.n general, the further alloying constituents or secondar
constit uedfs TeRPFAL L h‘éhee%(?ﬁfe?ﬁn"gfuh%lpﬁ ﬂ?n%r@vﬁpgégﬂtls iSFTABP opdT ti on of
| ess t han 220%ehperetefrs ipr aher aphge 1568 f he 10056 bprseagivlyah® e
particul arahgss ftomn3®%dy MECgatd ipeparei@niatt inbabedranve feomotGltaei ght
of the metggltic support. 35 Carbon can be present in the nmetallic supports
in anowys of up to 25% by weight. If the netallic supports conprise

further - alloying Constituefﬂ&%eogfésee%%nqﬁcgn@ R S

constituentd 3re generally prese I N _anounts. o . I east by, wei ght
and pr ef e%ﬁﬁ?rﬁﬁgﬁtb?ﬂ% i\ﬁgi fye eﬁé?@ﬁ%ﬁl}f r?é’q-r‘& ’3?‘??130 f\/\léleghf'n)c/ffh? hg
netal | i c SxppationTheaket®l ioncagubprit theef @piedH ly sugdASe HLIBsEBALPSI |y of
steel or ire@rhedoppethe ataatitiom mediumr SuihalkkemeteRsofipuiijhe mayalbic
titani wo Guppolitit HFre &1 /mtaak! ayd d1Neyeokhidl afssrecnaefisieagitven to
hi gh-al | 0% 543094 §Sendd LR ProaliBt frS WREEDIGHE d¥ @hechesk agai Astaf ur ther
corrosion %X:a pl:sg‘sit LM 4e5 (}fesangafsxbé/naéiloﬁgaﬁéwﬁ ’unfdQE Eﬁé@éee chrom um
st eel s, é:hro_ ant ni oko}f & eeles, chrom.um ni ckel - t.1 anum %[ eel s afd
chr oni um FORREIABFyBHHASSTELFSTS \RFRAYFEE %heaﬁ?d'lﬁi?at SPLANERE Y seP
2003 12 <r@el SoRagkaAmPIhe MeAresiwn, lppépyn Yigggiun, jygnadipmygg g
1. 4767, 25 .o6iniud, 4640ybderditc5 tudgsh@hi/,, itod30dobaid ,1nigkel, seaprenl so al | oys
-such as Myiahezndnblagisd |8 a2sdheipRirdls! bfd salaRest $hepsohe AssEdrtherct |y
as Sheet&al@._%é(fi?x ab8flst BHRAHS o8l b&Sondliry et iu@heERbI ¥/ &S pbk s enT@shes,
e D oo, engfeES "SR ks | RPRLIAGET potdh | MarbBRTT fe bd@Red Dodles.
ape ° olxeysgen?r 51 Je_ch,r pp%%es%hgrus, esullr}\éle'naxlm r%uafrt%eergraerl;sai i%n metals
30 to be present. In general, the further alloying constituents or
secondary constituents, with the exception of carbon, are present
in a proportion of less than 20% by weight, preferably less than
15% by weight and in particular less than 5% by weight, per
element, based on the total weight of the metallic support.
35 Carbon can be present in the metallic supports in amounts of up
to 25% by weight. If the metallic supports comprise further
alloying constituents or secondary constituents, these further
constituents are generally present in amounts of at least 0.01%
by weight and preferably about 0.1% by weight, based on the total
40 weight of the metallic support. The metallic support preferably
consists essentially of steel or iron, copper, aluminum, silver,
nickel, chromium, tungsten, titanium or a mixture and/or alloy
thereof. Preference is given to high-alloy stainless steels or
metals which are protected against further corrosion by formation
45 of a passivating layer, for example chromium steels,
chromium-nickel cteeltg, chromium-nickel=titanium steels and
chromium-nickel-molybdenum steels, V4A steels and heat-resistant



t hr ee- di nensi onal bodi es nmade of the above-described supports 10 which can
be fornmed, for exanple, by rolling, bending, pressing and the Iikel ¥ 8EP 2003
exanpl e packi ng el enents such as Raschig rings, saddles, Pall(r) rings,
wire spirals, wire nesh rings, with or. w thout web, and nonoliths. For the
purposes of the present invention, fnoliths are shaped bodies in the form
of orderedtéBlpabkvimys tile cltarial memderedli A53he k.daddlorl afthé0wi ng to
many flow qhannel ssabpyve.ashal ge. s155,a0e 48023 poraguniahdvblamen, aRdef erred
shaped bodi I ' h |1 ii (for definition, see

VDI - ar ne%tlﬁgs,gi%g%tgi on é%%"’?*‘?% %”ﬁ%%ﬁ%&éif@?om 0.1 to 10 mm Wéven
meshes having different types of weave can be 20 produced from wires .and
fibers dF Thigemgbavbhe TURAYSESNEEAIRe JiRPd FATeFtY &5 Fgﬁe&ar%re%’%lagpﬂ
weaves, twileess,bgaids, Wines- shaptrefe3mbly weavise are$ghgshevospecital weaves.
These woven irReheheahés dHEfiar ghlryicody nadthe fammafushapeyasodimssn

conposite 4t npNolnh LG S @de OpravRsaibIRES hes
ar rem descri bhggggagph%fﬂ A—11%§E4ggﬁé§?ef SE'EEE ggf&é;;t %‘}E&ngﬁﬁ% ige met al
foams an aFERBRY Y i paFt T el ar ﬁg&ﬂi}‘gfﬁe

‘MUAO

_ r en- por ed .net al
foams o¥0 SPGEHes2nPart FMes| oL uFY AR € Yy g’eﬁﬁgf’?' B A
plurality zofd tBe Lagersfax exompligapzeking €3spanbh B SFoBEFCRHET e ¥8shes
whi ch ar e saddaegedrabdl ®hatriadjsacente | ;yiral sf,owareonesoiringss eioset
ChanneLS- »;Fiflﬁolasedcqagl,isgaiinaﬁ%tlgthgf tde tqﬁa@aebss:'f oF oz;er pbésleﬂ?@ t he
range from . . par u LD & dMBLAS oPESrad
definitj onmlvetr.%bl%g\?\ﬁngbrr%%ﬁ%%, tal%gﬁﬁé%é{%il:)]l i'i]go £ elogliﬁantg,g%;}%
strai ght® cﬁacgi}t“\?éd‘.” B Rf & %end& Ps-gf veh T6 GaSrng mutti’l a eﬁ1 nmeshes in
whi ch™ snookiPvafd2pBrlagtate & 18redser HisifeATRBSATS Vit Pn8TR: Monoliths
i n which thefeored sbshed kmdiesahevs orannegsphéth|Rydramlicenadit sH&dt s,
knitted nesdEs idhionypaadebnsizsameachas) ideawiioe be Lsedn Whiel rapae kioep
el erTF_nt E‘ a L1 &%ﬁqrofiinhybf@vémwegﬁﬁsgﬂairm%) dilfgekRE 11Ofpess of ;:aaf@mabeab,eh
monol | t énggtlroedur_%l;:ie ?[)F( yx(‘jéé’lsatn% €Hetd d1GHLAPLPEmer i dRRUl hEHa BE 5@ t hat
the chan s are inclined ta the_ftlow direct| f r.eacti or I um
The Iayersm"‘btfeﬂlﬁagr‘i EntHdirse ggéna"ﬁ%averséf téclfqgg}g' g%gtdgl'-l gétggzgaj?égl to

|

the flow dfateict M6RVER BRE STt GPECHRL VAT ul F¥? YO BE8A°3t Ut ur al
units are prefmreddyi nombiees dicoormt welt Byay o3 EPERRAFROFIEEF et B Rifat
the flow chenulalthiar eatal y€r raippby tsnohserbcn wovppordshesdiarecteensings t he
flow 1 35SEP 22003 133 485! eGtriedn sulbgbé rsigdpsral budiés aee mprel efadrhy

installed go, that er § YartOUENafBsIlel YO SUE R BB 84 M hsdal al
units havegg%n“t%r?ll %Btggbg%'e an taﬁer ofapr ef er agl y about 900?%S Wound nodul es

of corrugh?¥F & SPERSER" and possibly al so snooth |ayers of woven 5 nesh

are |ikew se suitable. The deposition of the catalytically active
conponent , Pariculpaly suitable monoliths are built up of a plurality of

30 layers of corrugated, creased and/or smooth woven meshes which
are arranged so that adjacent layers form more or less closed
channels. The hydraulic diameter of the channels is preferably in
the range from 1 to 10 mm, in particular from 1.5 to 3 mm {as per
the definition in VDI-Wirmeatlas, Section LE 1). The channels can

35 be straight or curved. Preference is given to using multilayver
meshes in which smooth and corrugated or creased woven meshes
alternate. Monoliths in which the woven meshes are partly or
completely replaced by sheets, knitted meshes or expanded metal
can likewise be used. While packing elements are generally

40 introduced into the reactor as a random bed, monoliths are
preferably installed in the reactor, in particular so that the
channels are inclined to the flow direction of the reaction
medium. The layers of woven mesh themselves are preferably
installed parallel to the flow direction in the reactor. If a

45 plurality of these structural units are arranged in succession,
they are preferably installed so that the flow channels are
alternately inclined in opposite directions to the flow



pl ati num netal s and possibly pronoters and/or the dopants can be ?a{] ' d2003
-out before or after the netallic supports have been 10 fornmed into's §E§d
bodi es. The deposition of the catalytically active conponents is

preferably carried out after formng into shaped bodies. Wen shaping the
bodi es and/or installing themin t hé eactor, care has to be taken to
‘ensure thatirastiongeThe Styostiuppe wWitropset PERRDlle 1883 lded &Pt t he
catal yst ithelbayeadi b6f waneesmebheof ctwcheuttbess iy meauchwtal amdtshhave he
pressure a6r@RghB tHeor€atidthelrSof %ﬂéﬂ@r@%l?oﬂﬁ@ @oc Thicands mpanléswar |y

| S
subpor to. 2038k Qﬁgésﬁ delhad ggi'ﬁ 21 90 TEGhcen b Obl R TRLAbAI C

hav g an 20 strength but al so
pref er al yefavETE 4 ?‘Ei SWIPPA%e area of greater than 0.5 n2/1, in

particular greater than 1.5 n2/1 and preferably greater than 2.5 n2/|.

Bef or e appiihiecdtponibion hef pitet catial vieicall 1yoae hivemsioapphentyupp@rt the25 t he
latter is ppheﬁaﬁabinytsisem@l poBeiplgnemotegs dndAdreahaeddparitish cagueeus

sur fact ant; 30l whi 8{3§ O & %@Eé?'ﬁﬂ@n&%h;@@dﬁpw% RévelleegUst omary -in

el ectrap gt Irn%ﬁ &R é h?bﬁl d ' %%?.gé The éit %DQEQ%e%fSQhﬂ)éeQé@a%r&a@fjt yet hyl
ant

acetat €,  ace St apce -0 rasound
The et al Ialcé"lgﬁ‘ EHE} B?T“fcsarf‘sa(?\? HRIuSEY rb% S é'f‘% ? S ad

t reat ment shgpesr bedidepddian c?r‘i‘aBF-“ﬁ h*é‘eplba’fjilﬁﬁmﬁ‘ X 1§6t%1%1’trt9 |tﬁ’€F‘eé‘ée t he
surface arde okathernetate ihmsshppbettaled/ e emprrsydheheagddizd®o@s of the
pl ati num pRisalivie thprophpoidn ofothexamflaeeparéd alf dhesostaiyat dfs t he

surf ace i lalag 19URREELs PV dTBANE hET £ BGHiGYy FHEBtart® ahdhyHiPheld praekdse in

ticul d . st f
Do . Cpnozebe 8 ShalHadids e TUTDR %?“br%iﬁ;*éﬁ@l 1P et a o e

surface |smp|5’F§‘F§?"abf‘yp’é%?‘?ﬁsee(f BEf'ngoﬂtqﬁ‘ét FEBRT L "ES 5% by wei ght ,
preferably from1 to 5% by weight, of the support is dissolved. 40 The

active corfpcriebils, mﬁtellimeeqﬂmrcﬁuhﬁ\rﬂetl‘@lt orly ruifiigdPAtintesha™dcéland any
addi t i amlsteemngenebhs PIesentefegebiy dldve mBlecnptr fo eprSage ldreh o 5% by
wei ght, i phatterCyhan 6 [9MmAA",3ih0pddikklavestiterP@hbh cLl A2y 1paed er abl y

fromO0.1 tq Jr Q%Y ahd $€9.45,01 the total mass of the catalyst
(support cateal ytlcgﬁey a%télq%e coating). 11 SEP 2003 14 If an

addi ti onal corrpl exi 31962 ent is added to the so ut era y used

I e
in an anofiftfos® P8 19% ffp ®HGoPLYLIAY Bfte! té’FeF‘SBf@l ‘Tg pfofo 1000
equi val ¥ntthe gattiesul ar Pye frrbdyapleangd G#PIB“S}ENB’OG @unVa’f’é‘?ﬂ"é“enﬁf t he
conpl exi ngriageriquebasesunfedtmmt Sophbtonmumndéonl elemiyodghe . sFo¥ exanpl e,
the metal ldudipRper bsi 8ré i dedtdma@yghh éIdcarepbiaig, windliot hiey atnexdmentredi um
when the aiuUeOUs gaRALUSL LM E] Nchl ab 8ASlyl acetate, acetone and water,
if desired with the assistance of ultrasound. The metallic
30 support can advantageously be subjected to a surface treatment
prior to deposition of the platinum metal so as to increase the
surface area of the metallic support and/or improve the adhesion
of the platinum metal to the support, for example partial
dissolution of the surface of the support by means of acids such
35 as hydrohalic acids, in particular hydrochloric acid and
hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and
mixtures thereof. The partial dissolution of the surface is
preferably carried out so that from 0.1 to 15% by weight,
preferably from 1 to 5% by weight, of the support is dissolved.
40
The active components, i.e. the platinum metal or the platinum
metals and any additional components present, generally make up
from 5 x 10-% to 5% by weight, in particular from 10-3 to 1% by
weight, particularly preferably from 0.1 to 1.0% by weight, based
45 on the total mass of the catalyst (support + catalytically active
coating).




the platinumnetal conplex, the reducing agent, at |east part of ﬁrSg 03
-base and, if desired, the additional conplexing agent. The aqueou ?uZﬂ
preferably contains all conmponents used in the electroless deposition
before the aqueous mediumis brought ;i,nto contact with the metallic ‘
support. Likew se, the su ort can bé initially brOfﬁg ot nt Q contact W th

al | aboveﬁén??oﬁ%éF?ﬂﬂﬂﬁ& RIeE NG, 30ENE F Hin 349 DIt QhﬂﬁiPn'TﬁE
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whi ch is, pteferexbyipfreym auptd ol BIDEdudwelent®s dareipulaoke prefferbblpr esent
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dep05|t|o particles on the support 20 occurs. The
deposi ti oﬁlg%hgﬁlrﬁ%@aﬁi @P on rret allic supports is known from the prior

art as electroplating or electroless plating. In these processes, the
formati onFer aXemple, pdeereteblic fBPRIEajyeriinste brought Hdyte £PaEaSHDOt h
film on whéhstbpordquaamssoagitm wSuerh thrpagheoysayedsumr conteguisr ad, 1éast
exanpl e, kae pheeimir reeal agtmpia, ther reexeiny agept| nded ddstCiats and
menbrangs A BYPROLiLd :Bahlaégfé{fn er ahmh&md%ﬁlgl@yl@g tagaineal TRkating

t hod | Ly al t h f d
F‘?omc’hyd'%%gﬁxinﬁ"r" o de Pyl ol g%t?of FRehE: bl 90T Re 55;3.%3

€sen
f undanent SFFGEFPORTS (ﬁ’fé’f’égtﬁ‘é‘?atm‘ifesﬁﬁ o??‘ée%isoﬂﬁggﬂmb’ys RO ods
al t hough coskachrviih the pakalthigr W@PErts ekl fotischethe e%‘tRRﬂré'-s§adeB%S| tion
35 of theindblielhetatowmbtoidtmgrdmractewptbseht abevemenbirresh coepthentsane
ones. AGt ayarandr&elamd pretcabml sl .f ehet Praditdimogedal | D thenobgaad c
conpounds ,@ndpEore A By dERGEPa NG LG egﬁﬁmﬁeaaﬁléprﬁedm 40 reans of
one or nore _of.the fotlol gwg@glc{)r ef erFrogd ﬁg@wp?’%efsohft %@gm__on of the
no

above- descrl'aglgéebo oneqts i pla |num tal .

conpl ex, £RESBEHPT extify 5§€ﬁ’fl%fhotetr'!?€ra’r'gﬁﬁcﬂr?g e hEMRF RS RFy ¥R CR
within | esdet AaposPoioss ofi hibe eRlatgirume pabRY BRRTHICHCFel] ?hﬁarﬁ“@’@oﬁf-nut es,
br ought20t @ccuilte.reacti on tenperature in the essentially aqueous nediumin
the presence of the cleaned and preferably pickled support. 11 SEP2003 15

The react irgQ E@HEQ{@{M S£CABL DS AdQisr ngn&@&]neircatsubso{r@s the k! epem poi Nt
of Lhe aquggua, 3oL ull o, Qfggp,g t% Q@ el &C}aﬁes%r{,w &q, tthss?ly

support tica
T X e e, L9 o oo %‘?"t 2 ORI (TR /| B
t enper &BurRePorgf free rsmopihpfélms rQﬂntA@ FBPB@’C’- ishepugh en%iﬁ'hatsﬂ"loétﬁhl chis
at | east 1@@emsghee,rdunirpdef fombdxamplel, efer 3 thiigheentacttodiod b&othosen.
10 (2) A feainbee, NnpaSited ateodttdgarid rehbrpriesen suppentedrpadld addom
catalyst produced by a typical plating method displays only a low
activity in the formation of hydrogen peroxide from hydrogen and
30 oxygen.

The catalysts of the present invention differ fundamentally from
coated metallic supports produced by plating methods, although
some or all of the chemicals used for the electroless deposition

35 of the noble metal according to the present invention can be the
same ones.

Active and selective catalysts for the hydrogenation of organic

compounds and for the hydrogen peroxide synthesis are formed by
40 means of one or more of the following preferred measures for the

reaction of the zbove-described components with one another:

(1) The platinum metal complex, the complexing agent and the
reducing agent are quickly, i.e. within less than 120
45 minutes, preferably within less than 30 minutes, brought to
the reaction temperature in the essentially eaguecous medium in
the presence of the cleaned and preferably pickled support.




the essentially aqueous m xture of all conponents to be heated for,,f
.exanple, fromabout 5 to 600 mnutes in the absence of the support1 Bﬁﬂ 3003
the support is brought into contact with the essentially aqueous sol ution
of the 15 reactants. This heating st requires less tine, the higher the
tenperature selected and the stronger 'the reducing a I n the sﬁ\_{stem

e
pal | adi um chl FPEdEEEShH i WiPERRSFF ficca Mo AT THP %BBE)’ER)
exanpl e, fromb8dlipgopoimthnfesdhat afiveons GOlobigoC q@eaévamtqgé@@s If the
solution is fireattheateikdfrd mrndhehabsgneetof I1f hthesmipente tdndsstal so
possible to CE%Qﬁesméoél‘?rfﬁeéﬁtt%élﬁtca\MHl%;@aﬁ’@Oid‘a&Q%lé&m@sdobe f or ned

on i, nt r0duct i.g9 gfy; Lo s 8@55@%%%#%?9;%srelrpo;iloagtéxh erdigebants. 25

(3) A further asure | on cat al yst

according to EPES%ﬁTmI?]rﬁ/er“rtrFfﬂ NP8t o'f 3s GppBFLe |H§lﬁh shbot h
coating is toatnéﬁé’aEelQ‘We higher nubit mEeaPT ety a@oﬁééﬁ?r%ﬂ"coﬁls emn ati num
net al conpl ex shoohdeheratosmam.above that which forns a snmooth |ayer by a 30
factor of at least 2, i.e. for exanple fromabout 0.5 g/|I of palladiumin

the casg qh, aas%%hgp Iﬁ@e.rmffesIaegopaiﬁf%umcmgéﬁe,lnamra,lsamm um

chl ori de and reducin nt gl further neasure
whi ch | eads t%he cararys aple Er6rng IXttuﬁe Ofreis]én |nven 01#; |b% tg?mx al |

conponents wi a5 ré‘#loug‘?ry exﬁF‘BﬂJgr etF M &PPHEm? et éloosﬁ‘f‘n'(“seesed“s

shortly befor é‘-b5§PﬁﬁI e firfdvu SupPRE Ehbeforehhe| surgardr igi ppPyat H@tSupport
into the sal tosthoti with Stheh eassotizhy keupows usadtipnkabvwirhel0 t echni ques,
in the 195 npl esteacdsftHY Thd N@ad iRhadidpPedBi fés 1Sedlst tiMk ptdlan Wighpkat i num

metal conpl ex 4$@l ‘Efe}nBQrél\M}E aseléelcualé&{a %esgéf&mé}ymah%mlt QgeAROt her
redum ng agent in, wate untclg)lozgl atipum net al "ﬁ‘é %ged sol
%

th e éi m m c
can 'be from 1t6,. 2008 61°t He total anbunt ul Prom
11SEP2003 16 a(’é) )&P?B‘P?%l%a%FeemH}ﬁ'cgﬁmbe”em 3y eﬂl‘é‘b“c"o“r &tnﬁr?’B t he
present inventsifofoi 80?G ifedxBntagecushe I kbersolatign| 15d$’§'§d’-| hegted
conpone®t s by imsithg ebeemre mfr ¢hef stpmomonikeks nglscagestible o lcbmwese
concentration at hefpthaturedd Wddchod dntth PbatinyRdiRidabe corgedx of0l Uti on

to be stable towapdutPEon EHUSe ngu?p@g\; idhneliDEL L RAGIAQR RhERRRY ahaur e

selected. In tr@%ctca e of the solution of palladi"umchloride,” ammoni um

chl ori de, ammonia an hypophosphl te, the anmount of concentrated amoni a
required for a solution which is stable 10 at 65C can, for exanple, be

r educe® ridm Poduitberimeaguwre Fhigh/leasts tesshe rFQﬁ“H’érlc’Po°§o°arﬁ“FtPﬁéted
sol ution for ftclagalyst according to the present invention in place of a

support having a smooth coating is to increase the platinum
metal salt concentration or platinum metal complex
concentration above that which forms a smooth layer by a

30 factor of at least 2, i.e, for example from about 0.5 g/l of
palladium in the case of a solution comprising palladium
chloride, ammonia, ammonium chloride and a reducing agent to
about 1-20 g/1.

35 (4} A further measure which leads to a catalyst according to the
present invention is to mix all components with a previously
prepared platinum metal sol (seed scol) shortly before,
simultaneously with or shortly after dipping the support into
the salt solution. Such a sol can be produced by known

40 techniques, in the simplest case by mixing a platinum metal
salt solution or platinum metal complex solution with a
solution of sodium hypophosphite or another reducing agent in
water. The amount of platinum metal employed as seed sol can
be from 1 to 20% of the total amount, preferably from 5 to

45 15%.



coating of the netallic support according to the present inventior, S ﬁ
to destabilize it. 15 (6) A further neasure can be to destabilize Hle EP" 2003
essentially aqueous solution of the platinum netal conpound at a given
tenperature by increasing the concentration of the reducing agent and thus
to prepare it for use according to th8 present invention. Wen pal | adi um
and a tenpén apuferbheBoBasnEe 20h Eiplcopeds enrlekest peacEdIRLEWREA usi ng,

for exanpl e, paggentumwahitachdes and GeEBhi Ai 2 enphiekung cfgendils i s
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from 15 to 18@aminuf eshe 3@lkeien ¢healdadinonnclslsinideenamnortihan r eact i on

mxture, i.e. chmanaapmnﬁadamrg@apabapﬂgtw afhendfiboRt adf conpl ex,

reduci ng ageng ncgﬁéf%fugj HABRL §Xfégﬁf%gﬁnkor|§ éHT%&@Bﬁb&HiéHWE%QQEaBPE

t enper gture s 30C, prefer rep above or
bel ow ?he desi Fe eacﬁtloﬁogerrperp ir 8% 5 e "ﬁ'ne irg iﬁ on W ng%S | ess

than 120 ni nut’@s™l ”1 ParksseulBr oFF it I"‘8§8 t ¥R ARt Y%d preferably
within |ess tikant3ogmehuthes meantlic spposquereendingefd Bhe tRESSEper at ure.
The reacti on dakvehtbon ori.tehetvededtadilimexitire is particularly preferably
heated at a tenperature which is up to 30C, preferably up to 20C, | ower

than the dgpog ?h?ghéxﬁ ‘%Eal:&'ﬁ %e Yo %s@?ﬂi‘héé‘%@eééé&@cfmﬁ%i tion

t enperat ure.
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necessary, th&erPeRpaFwITMY df‘cfﬁ%sﬁf%gad:t“ieoﬁ°ﬂ$‘§’<‘ﬁﬁaél|°§ Bf oﬂgﬁtredel&lag
di fferent tenpeeatuped stiusatybeptepanehd tddposvee AFC49ing SEPXIGS PrEserh a
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mxtured s, ifem m@y@@r | e deBigdidi @ttt @nbheus hnpt iteg pragedire, adm xed
\yaﬁ Pegysgpa&,:fya Eﬁmdmeoql @egniéoémongﬁcgsacérﬁﬂgﬂ‘ﬁl% 688n g e ;p;oducefl 'B a
v I nply Dby
m xing a pl at i ev%%t 3 sal t9 g I u‘[els(?n o T"%? hos%lﬁefq'ag coém'fef%sol ution
with a redumaﬁﬁn’égent in an agueous nedi um The addition of the seed sol

shoul d be carried out before, during or after bringing the netallic
suppor t25 mhoacphé fetred elbblbmeeactti ahesdhwéntoiongr cehal iaaddet rohing Xt ur e.
The amunt-o@k i Rhat 4 X eiBp¥RL abd USE thea®inh OHsICEdiEt idnS86Thsdn los phef erably
from1 to,20% XnWi%e ggg.g &8l agle%osj.{ﬂm 5Hte9t§:§¢):p§’ ﬂ&@fﬂ?&bl?f t he
total anDunErged 5¥If]r fromai to 600 minutes, in particular from 10 to

300 minutes and particularly preferably from 15 to 180 minutes.

30 Here, the reaction solution or the reaction mixture, i.e. the
agueous medium containing platinum metal complex, reducing agent,
base and complexing agent, is preferably brought to a temperature
which is 30°C, preferably 20°C and more preferably 15°C, above or
below the desired reaction temperature for the deposition within

35 less than 120 minutes, in particular within less than 60 minutes
and preferably within less than 30 minutes, and is subsequently
held at this temperature. The reaction solution or the reaction
mixture is particularly preferably heated at a temperature which
is up to 30°C, preferably up to 20°C, lower than the deposition

40 temperature, or at about the desired deposition temperature.

After the heating step, the metallic support is brought into .
contact with the reaction soclution or the reaction mixture and,
if necessary, the temperature of the reaction mixture is brought
to a different temperature suitable for the deposition.

45



used according to the present invention. 15 In the process of the ZrFSEPt 2003
-invention, it has been found to be advantageous to ensure sufficient
circulation of the reaction solution or the reaction m xture, e.g. by
punping or stirring, during deposithqn of the platinummetal on the
support. 20 The reaction tinme required for depqsition of the ati met al
on The. refBl f 1 F o T BoPE R raIths PFOTTSE 1 o PEOES T Thire o0 Eol B I
from 10 t shgorearHRTeFiZYTRalti cifi APPYORF EHE 4Bl §993%iAA 9 82120 ni nut es.
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react i onsshyui ikl tgprrded pytpbetanst durdeg ofr ehtepl REinAiRINEN8] is not
obser ved. mAddl1iomipreonpdnent sontiavtpaith cthareskhtieh esmpittdopuprabhe as 35
pronot abs rehkcHOPRMSitva@N, The SRsinteds PeatitinOcieeall dogbtfoer pubticine
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apeously.
the react Pﬁﬁds?ﬁ‘iﬂ’fcg’r?g4(5°c§ﬁea?5%se'd‘é: BYFPRYPBut toward the end or after
the end of the platinumnetal deposition, as a result of which the
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active cogpoartdeouacadtlisticenshf fiviganeaisculat iahsof behaap@lacedoni n a
separat e 3eeRPfoSieP di Hacedbrlvshurel &he. mgwﬁ%m@ dN\Rtrir@Rg, €. 9. by
vapor deD%%'rEhé’gﬁa%;g{s?Jﬁ ALY 2%e PRAhRR0ntfh1 K £

15540, or by
el ectrol ess or ol'yti c depo I'on from agqueous and nonaqueous nedi a.
The application of additional 1 1 SEP 2003 18 conponents to the ca{al ysts
of the 29r 8en¥er@litn itgie Feguizsehfos depetbhPsedpthe REAYIN JPFS
advant ageousthhenetadidyicasepppotbeimgsirecdlln frambgte e harmerteto t he
surface obrtberasly virorcampasento mibieereand depadiculenly gdifierekdydi f f er ent
fromthe F.gandstions emmheyed, according to the present invention can be
chosen for the second step. The catal ysts obtai ned according to the present
I nventi_on_can, subsequent be activated at.from0.to 500C, : rably from

10 10 t4 §§0&f"°_’a‘ﬁﬁ°cp%é5ssoﬁjr égeoPrﬁec% af'espheti & reft'%g%rﬂcree So%%%gugg
© pressure GEP2BBtIRY MoK& (tPANi GRA% dah WSd 9BEr rRRF3APLY BT o ERAE & '?’ﬁ t he
presence weighterndrrEmvicidrbycpreigrabdy amne panodeh bumeighgm2d to
2000C, pr eher pbhyidurome3@1soui&dCn aing abtal hicsphepoct . prhespdpgiowmfrom 1
to 150 bametpiefsr gdlerd1NgMbdAndosd @A rkdy @hkhe metallic support that

30 no appreciable detachment occurs as a result of contact with
liguids and gases during use in catalytic reactions. Turbidity

due to precipitation of the platinum metal is not obserxved.

Additional components, in particular the elements suitable as

35 promoters or dopants, can, if desired, be introduced together
with the platinum metal into the aqueous medium so that the
deposition of the platinum metal and the incorporation of the
additiocnal components occurs essentially simultaneously. The
addition of the additional components to the reaction solution

40 can also be carried out toward the end or after the end of the
platinum metal deposition, as a result of which the additional
components are preferably incorporated at the surface of the
active components. The additional components can also be applied
in a separate second step to the catalysts of the present

4% invention, e.g. by vapor deposition, preferably as described in
EP=R=0 198 435, or by electroless or electrolytic deposition from
aqueous and nonaqueous media. The application of additional



15 particularly preferably from30 to 70 bar. In general, activatiﬁq Stﬁkm
.fromO0.1 to 10 hours, preferably from1l to 5 hours. In a preferre 3
enbodi ment of the process of the present invention, activation of the
catalyst is carried out in the presence of the aqueous reaction medium
descri bed bel ow for the synthesis of % hydr ogen peroxi de according to the
‘present i eeeRPhERts| O dher eheprixRl efodhrERTCHINY HEvVPRbEAS SR t he present
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deposi t i oraquieicaguenttyidm nedéuhodes ofibedc hahoe afdry thesspbtlesigggifoner at es.

In partigW@rogeRCpRESSRIY acBYeaih®R PP gesséntCalndeyisionn which 5 the

nmetal |ic support consists essent lally of steel, iron, copper, alum num
silver, nickel rom ngs tg.tani t <afyd/ or all oy
thereof . SUtR (?rteg ys A”Q F e ega o?’l the grgn{eg{joﬁfuﬁh%e%% contednc i.n the
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conpounds ig%t’ pre erdbly 90 a paﬁllcularly preferably at least 100,

30 equivalents of a complexing agent and at least 10-100, preferably
20-80 and particularly preferably 40-60, equivalents of a
reducing agent in an aqueous medium.

The present invention further provides a catalyst obtainable by
35 one of the above-described methods.

The invention also provides platinum metal catalysts comprising a
metallic support and & catalytically active coating applied
thereto, wherein the catalytically active coating on the support
40 surface comprises immobilized, discrete platinum metal particles
having a mean particle diameter of less than about 1 um,
preferably less than about 100 nm. The platinum metal particles
preferably have a mean diameter of more than about 1 nm and can,
for example, have diameters in the range from about 20 to 100 nm.
45 The discrete particles have an approximately spherical shape. In
addition, the platinum metal particles essentially form a
monolayer on the support, while prior art methods give nonunlform




propyl ene, acetyl ene and but adi ene, carbonyl conpounds, e.g. aldeh df§E"l‘"%03
.ket ones, and aromatics such as benzene, and particularly preferabl

t he hydrogenati on of oxygen. 20 The present invention further provides a
process for preparing hydrogen peroxjide in which a catalyst as descri bed
above in an essentially aqueous sol Won is brought into contact with an
oxygen/ hy diergsi tibrt uf eedraaritly danntke nfprmwpifomeéehamieaddngenstame 25 4:1 to

30: 1. The gyemeiratayenti on | i kew se provides for the use of the catalysts
of the present invention for the synthesis of hydrogen peroxide fromthe
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using a fleppdedthedstarof Athe HRRERhEONIARM YN @f@f@ﬁmelyswwmet @owat er
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wei ght andalp@ﬂmd@al antykerafas alking apomakigscenph amihpmnzenst apder. Very
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1ch £

as sulfurlc 0 to the

ric aci aC|
reaction d’al?r%EhTES 8 conc%nt Pafi 5h-94 ene Eov
mol /liter eﬁﬁeé‘ftélaéﬁﬁ'yaﬂ‘ﬂ%‘?ﬁsl(’fosl“ttc}oﬁoli ’?ﬁﬂ Pt b‘i’to mntaaa. ‘f’%‘c')lh a’i races of
bromi de oroxstHesibydrpaer onvTeahREARY oF PR 1akip JE'G’OGthFﬁm?ﬁ fr&mabl y
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general ly added. However, it 15 is also possible to use other stabilizers

such as fofgmlgdehvde. 1 ThEnt £AF ;9B 988 p¥V Gl s MBYr CHB RiseeoROLnON Y
hydrogen a%%%é?@@%%nof the present invention for the synthesis of hydrogen
peroxide from the elements, both by the anthraquinone process or
30 an analogous process and by direct synthesis, i.e. direct
reaction of oxygen and hydrogen over a platinum metal catalyst in
a liguid or gaseous medium, preferably by one of the methods
described above. Suitable processes are, for example, described
in WO 98/16463. The use of the catalysts of the present invention
35 for the direct synthesis of H;0; is particularly preferred.

Suitable reactors for the synthesis of H;0; are described, for
example, in EP-R-068 862, EP-A-201 614 and EP-A-448 884,
Particular preference is given to tube reactors fitted with

40 cylindrical catalyst units, since this enables uniform flow which
allows particularly good reaction conditions. Tube reactors
containing beds of shaped catalyst bodies, e.g. mesh rings, are
also suitable.

48 The reaction ig generally earried out uging a flooded reactor. As
reaction medium, preference is given to water and/or
Cy=Cy=alkanols, in particular water and/or methanol. If water is



but also inert gases such as nitrogen or noble gases, generally hhq 8P 2003
-‘QR:H2 ratio in the range from2:1 to 1000:1. Preference is 20 given to
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15 tine of ﬁDFEO%%“P“lﬁ}rdﬁygathe PﬁFéEEﬂ’Pllf mefeofaPee | s dr af &dtPDy t he
f0||0mnngﬂe§ahp|@ge molar ratio of 0;:H; in the circulating gas should be

in the range from 5:1 to 1000:1, preferably in the range from

30 20:1 to 100:1. The reaction can be carried out either at
atmospheric pressure or at gauge pressures of up to 200 bar. The
pressure is preferably in the range from 10 to 300 bar, in
particular from 10 to B0 bar. The reaction temperature can be in
the range from 0 to 60°C, preferably in the range from 5 to 60¢C

35 and in particular from 15 to 45°C. The partial pressures of the
reaction gases in the reaction gas mixture both in the reactor
and in the circulating gas are preferably chosen so that the
hydrogen concentration is below the lower explosive limit under
reaction conditions.

40
Reaction gas and reaction medium can be passed through the
reactor in cocurrent or in countercurrent to one another,
preferably in cocurrent, with the liquid phase forming the
continuous phase and the reaction gas forming the discontinuous

45 phase. In the preferred vertical reactor construction (upright
reactor), reaction gas and reaction medium are preferably passed
through the reactor in countercurrent from the bottom to the top.




Wi thout being restricted thereby. 20 Exanples 1. Production of cat af jngP 2[]03
-supports I.a Production of nonoliths fromwoven stainless steel nesh
corrugat ed and one snooth nmesh made of stainless steel (material No.

1. 4539, mesh opening 200 dun, wre di gmeter 140 m were placed on top of
one another and rolled to form I2| ndrical nonolith haV| n% a height of 5
cm and a HESfret RYAr ofFHLER R%\/\f%‘g ’E';x: PR SRR W& PMRCTal®ARi al hol | ow
space haviingeamed b deedf PQénﬁnmsﬁéﬁﬁ%cPﬂ ﬁ’-htehéeE@rﬁ%‘rn.t FRE WEEN of the
meshes wepe é&ixedrisy gpeityt tueé dreipcityecfiesdrqilianegas pad ngpagtiohe snoot h
mesh was akdhi€asis limMhelhengenptdd 50 @bt 800G/ WASpiePatalyl AnSUREESSI ON
wth et gy&a ggtfx}&“ 3R acgeggaem‘a,pd distilled water in an ultrasonic bath
and was equently dried. |I.b Pretreatnment of the nonolith 40 The

nmonol i th roduced and cl eaned as described under |1.a was treated with
concent r alfB8 RYAFGhIA5ScC 1RER 1SR 3PS W EROIS) PEEC* 608 TUULESHSPATHRS and
subsequenhijregen el arumaibepnteénts mbovei Bh ki sieilohtd prR&arab4y fncthe
Product i oraafeWwfren mese RI5AGByY Ofe imhten tot be Ndmepareticelheresmcent r$ERR2003 23
CC2:  Aomeaal bt %f&ﬁi@ﬁ@daindeﬁ@rd&qdeunmén&m Buhgsinind @£gkRes beaker

in such a ‘ré’@ % iéwsm%htogpiéé&%tgoké?r lj%enr ﬁé‘%iﬁﬂe %%'r%'t@&nadded

subsequent utr.on Q 6% efer 2 70% If erm ? sts ni um
chl ori de éﬁd 1% '?ﬁ‘am& Crafiidnt a° Sol EEPoR" T 25% streng fier: added
while stEPPFRgERRE té'{?rﬁ‘l 1f PQefSHICASE - WAt ™ hd £916 gdecﬁreéﬁe'ahﬁeous

sol uti on theNa2velyst (EF%igitEngtd, sedesedvory t9ven péFP’aoﬁTUrﬁR%ﬁfcéﬁﬁ ) were
added tiseretne, of heorecaditainod0sdbydi on 10 was heated stepw se to 65C over a
period of 2 hours while stirring and the mixture was stirred for 60

i nutes amEhhgesdAMGHALE Sy Iyeurmcah_»!awdvas thReRol BeThd lenphes | eact i on

solution an e was detached from the support
during thi sgBrogzbumeg nFﬁ\é@Egg%?l on sob’utl on was 15 subsequently conbi ned

wi th the washing solution and the palladiumcontent of the conbined

sol uti @9 EasPée®er mi ned. Deposition of > 99% of the avail abl e pal | adi um
on the nonolith could be calculated fromthese data. 20 I1l1. Production of
t he cat al yst s PrGRut0idCle¥ acealgsngsippdrite present invention ICl: A
solution of 9.6 g of NaH2PO2 . 1 H20, 21.6 g of anmoni um

I.a Production of moncocliths from woven stainless steel mesh

25
One corrugated and one smooth mesh made of stainless steel
(material No. 1.4539, mesh opening 200 pm, wire diameter
140 pm) were placed on top of one another and rolled to form
a cylindrical monolith having a height of 5 cm and a diameter
30 of likewise 5 cm in such a way that an axial hollow space

having a diameter of 16 mm was formed in the center. The ends
of the meshes were fixed by point welding. The mesh plane
spacing of the smooth mesh was at least 1 mm. The monolith
obtained was treated in succession with ethyl acetate,

35 acetone and distilled water in an ultrasonic bath and was
subsequently dried.

I.b Pretreatment of the monolith
40 The monolith produced and cleaned as described under I.a was
treated with concentrated hydrochloric acid {(37% strength) at
60°C for 180 minutes and subseguently rinsed a number of

times with distilled water.

45 I.c Production of wire mesh rings of woven stainless steel mesh




25 chloride and 134 m of aqueous ammoni a solution (25% strength) iﬂ&%ﬁ)
-m of deionized water was made up in a 1000 m gl ass beaker. Subséq )2003
24.12 g of aqueous Na2PdC 4 solution (1% strength, based on the palladium
content) was added thereto while sti rzri ng, the solution was 30 heated to

75C and was stirred at this terrperatur3e for 60 mnutes. The solution

remai ned col oFFéss and clear for the whole tine. Subsequently, a nonolith
produced as dasmpibkith rpradugedass hierrribed tnel rea@si BHRS ol k%9 ¢h 94A8S5t he
reacti on m xbeaRerasn sdudhr @d wher that urtt vars 66mpletslgscaver&.byThe 35

reaction sol utp@R+EBEARE i QuhesSsbekadlyf o ddiatubpl 6 diew. ofhe
monol i |y vas tnghpdaked i, and of bN3edahddt it floridld o3B! 18 P Jet ached
fromthé suppor in fi'’s prB% dur e. eactlon so Lét | gn ﬁ washi ng
sol uti on wer eag‘{?BEéﬁu%%‘ﬁf"@or‘rﬁ' eBC P e "BEF | HATLACESA Bt 1% t he
sol ution was £GigeiegntaeB? MEpesi teipnizedoyeser antk 14vAaFP| abPe #hl | adi um on
t he nonol i th equedubeschltcidmiodgdNariiflishéte skatengthe2basend ol heon of 9.6 g
of NaH2PQ2 . $ahi2@diad.Sorteift jamepai addedh theroto dechandedddioh sflwegdwaous
amoni §gsol ut Lee (22984 SEYRAlR) thNe S5G0 JrerOh Sioiial 2ed2 iedeFs Wag 1@ade up
Lo 2 1000 M <0i85 8nhCAE enSHISRANEMAY sedlrdaTBLLlcd GAAGLLY Jr 3P 2003
24 nitrate, §i5sol v m%@? g wat er, .an 2'?1 12f 0L hdN o 2QUeQUs
Na2Pdd 4 sol utEBREFIBEET 1 et HOTBASEY "B (A& pEFFHHi T S0t BFT - Wwas added
thereto whil e soipfkiPRgand Hein@eg Hikh watehedPedotY 65€ dRABASETY ™t this
t enper at ur e f ¢heastppeherdFid@ fhhat pxocetiweeqlbntygactionpRdl PP HrEGuced
as desan bed ismbskgbewabsy o inetowihle tg9el waisbhng tsrd utdaot apd thext ure was
heated to 75Cpandn@smSebeaiteivll ¥hét tomitheliObodut 16 @as2dOt dirmitiea at
[his 1emeral Yegos10EohBEL %fsQEU{:hQnainQ.%%'lQefafﬁcfiﬁhegﬁ andl clear for
e whole tine, e, pono 0 e reaction mxture
and rinsed w ﬂ?n\ﬁétnég% iép:}’&ic%#g?%{%ghtgg‘t ggﬁe% rt(?m t he support during
this procedure. Reaction solution and washing sol ution were subsequently
conbi &P did - Bredyariani ofn denCafplypts €l &Onbf he REATFEN8ntAakhe
det erm ned. Dgpesentohneéntimme t han 99% 15 of the avail abl e pal | adi um on

~the nonolith could be calculated fromthese data. IC3: A solution of 9.6

g of NaH2PQ®2 .14 .,H2O, 21.6 g of ammonium 20 chloride and 134 ml of aqueous
anmoni a ol uli,0n.che2dbn SoF N ) oeMn2fibd]l  Of 18} O 204, WAt BrumbAsuiinde up
ina 1000 m ‘glass .beaker.. Sulfsequenti 25 rrﬁ.of o(N 2lrgls,  dissol ved
in 100 3 of VANGFISEnEPSAIYL T 6 ARIERHRATEONIE sOLEEILR (25
) strength) in 660 ml of deionized water was made up in a
1000 ml glass beaker. Subseguently, 24.12 g of agueous
" NapPdCl, solution (1% strength, based on the palladium
content) was added thereto while stirring, the solution was
30 heated to 75°C and was stirred at this temperature for 60
minutes. The sclution remained colorless and clear for the
whole time. Subsequently, a monolith produced as described in
I.b was hung into the reaction solution and the reaction
mixture was stirred for a further 65 minutes at 75°C. The
35 reaction solution remained colorless and clear for the whole
time. The monolith was then taken out and rinsed with water.
No solid was detached from the support during this procedure.
Reaction solution and washing solution were subseguently
combined and the palladium content of the solution was
40 determined. Deposition of 99% of the available palladium on
the monolith could be calculated from these data.

IC2:
A solution of 9.6 g of NaH;PO; . 1 H;0, 21.6 g of ammonium
45 chloride and 134 ml of aqueocus ammonia solution (25%

strength) in 560 ml of deionized water was made up in a
1000 ml glass beaker. Subsequently, 41.4 mg of lead(II)



NaZzPdC 4 solution (1% strength, based on the palladium 25 content) was
-added thereto while stirring, the mxture was heated to 65C and st¥ dr3kP 22003
this tenperature for a further 60 m nutes. Subsequently, a nonolith
produced as described in 1.b was hugg into the solution, the reaction

r

m xture was heated to 75C and was stfrred for a further 170 m nutes at 30
this tenperatbitratfihe disgeived bl BA Peirtesd 8Bforddds9 8hd®*Rl ear for

t he whol e ti mequdbtes MneHCth ssdstiben( talednengtbmhasedr epckho Pl reiprB and
rinsed with wabBtentp wadl adav@st heleitachrilé ramrirhegs uppomtixdure meas hi s
procedur e. 522 Iaitcg& £ Qsdt! £ty AN ARINENAHY Woh Qrﬂﬁfﬁofléb_sﬁq:ﬂﬁfﬁﬂey-

combi ned an e pa um cont.ent _o . .GO i -

det er mi Red. §o’§f‘?‘i"§‘?1s 'o%‘fb%%‘%?nqi]ﬁé gvg?llg%g[;gl aFEgg?imsmr?eg?ﬁg@%%nloﬂ ith
coul d be cal calBt¥@s fiui tRES etREtSPIvEqn &6 E]?’i‘dﬁlx(%‘"r@ B2Y of
NaH2PO2 - 1 HRErted tp GF5°6t tiyd orfs GhBREmeantlyagtetTed Jard at EPFEROUI um sal t
and 134 nml of 218quWeMISesAYOBh &is Sinpteiranuf@5% st reagt bhyn igplesdon] of

dei oni zed wat @en¥asedBds ek And QAQaH £l a5t hbakertimdSulmhequentdlith 24, 12

g of angadueoys NagPICA S0k Lafhd 1%xd5s5h rpNaLRe BA§SLRA Bechal | adium
aaade

content’)” was ereto, 1Je stirrin e [ Utyl, QK S
heated to 75002&RH" XY iR7°E4PA a{ "5 gﬁfi%‘??ﬂ ‘%pf:‘" o?ﬁ% %{Pﬁ%{r.h%g%rnut es. 1
1 SEP 2003 25thSghBERERITSY, REAFHHI *CH HH SRR Y2 #BE T BEdPn"T D was
hung i nto thessbeagiently ifembaped 4 Fhet BrElatdEaREsPYt £ #8€ and was
stirred for achmbihed #flutinutess aletZ5@indfe Dexpdddsonsof mdren thane? hed
colorl gss and gl eae £@4itdmaeWpol Badivn B tHEamd1dltht bowbrd Hehen taken from

the reaction @aﬁEHigteé‘rﬂ— | R§Ede Widiy Water. No solid was detached fromthe
support during this procedure. Reaction solution and washi ng sol ution

wer e subsequently conbi ned and the palladi um content of the conbined
sol uti on was dé&térm ned. Deposition of 96.4% of the 10 avail abl e palladium
on the monol i #hsedutioneodl-6ufa®bdai8Re t HeBePdatla® PCRE UG Mt i on of

9.6 g cfo NaH2R®2orideH2d 13%. 8lgobfaguesyni armasixifodprden alrP*34 m  of
aqueous amMmDniskreabuh) ofn (525%m1Sbf edegidnyized &0 miwasf mdée orp Zad anat er was
made up in a ;4RE0MA gi Qadehebl onBchddqasktiy ) tewl my bli andphieolhl ade
SERRRErs Subs lé%gtllzﬁd 24.1%% @10bs amAUeQHs NR2RAG brSph Wduibuel%
strength, based o i e alll.adl c%nten%,)) S.¢ dg R0 rKJlelra%&QmV‘h'le
stirring, theWBg? brfdgblltﬁ??om&s *Reared 10 %7 g and.‘stirred at this
t enper &ure f GNPt t ¥ed Boedntheree W5l B THE Ui ggen%%’hturrien‘ﬁsasgroduced
as descri bed iheated to 65°C and stirred at this temperature for a further
' 60 minutes. Subseqguently, a monolith produced as described in
I.b was hung into the solution, the reaction mixture was
heated to 75°C and was stirred for a further 170 minutes at
30 this temperature. The reaction solution remained colorless
and clear for the whole time. The monolith was then taken
from the reaction mixture and rinsed with water. No solid was
detached from the support during this procedure. Reaction
solution and washing solution were subsequently combined and
35 the palladium content of the combined solution was
determined. Deposition of 96% of the available palladium on
the monolith could be calculated from these data.

I1C4:

40 A solution of 9.6 g of NaH;PO; . 1 Hz0, 10 g of ethylene-
diaminetetraacetic acid tetraseodium salt and 134 ml of
agueous ammonia solution (25% strength) in 650 ml of
deionized water was made up in a 1000 ml glass beaker.
Subsequently, 24.12 g of an agueous NapPdCl,; solution (1%

45 strength, based on the palladium content} was added thereto
while stirring, the reaction solution was heated to 75°C and

- stirred at this temperature for a further 60 minutes.




.d were subsequently added to the reaction solution and the reactio
-n1xture was stirred for a further 180 mnutes at 25 750C. The reaciﬂogEP 2003
solution remai ned colorless and clear for the whole tine. The wire nesh
rings were then separated from the rgaction solutlon and rinsed with

water. No solid was ached fr th dur rogedure.
Reaction sol EPPSﬁqgﬁ’Eit shi (g nggpﬁ? ‘iﬁgg e‘gfe?ygﬁ 8§ and 30
t he pal | adi umP@8At éRto dibq Wé’lé‘élarﬁPne‘éF%Glel?FFéﬁnvﬁ’sx UFéet WRRi hedtedePosi ti on
of nore than 99°6%md wdse sgvarkdbfer mpdiukrabennd bminnéesi ays?Toul Ghée

cal cul ated fr eyuetbesessRiti.onl Cemainéd ASPrieEdNamd ch@az goof tiNahiARI2 . 1

H20, 43.52 g Oftlﬁa@m@hé'%&{Ul%:'hd%aéngh@:@&arﬂenoir&ﬂW%aﬂﬂ‘@?&ﬁ an S 0”
(25% strengt h

[ 32 eLo zed n 2 2000
Found- bot toed"Fl B3BSRT (Bl webR . A 4R e Fan e then, fRon oe By i;{rﬂgert
aqueous Na2PdéI“£l§8|HE+%rPr(°f% FFen%??Ftl&’@ Baletivh aeﬁewaam%. wtdRPent )
was added thewers @hbseguentilyr cagbirgrd andadheopa Bdinmopontenthed ddet o 75C
and stirred abmbhhedtssiperiainuwesf oetearnfimieiheDegds itiont 6. 98519 off thee wire

nesh riggs pradusednas paGdikadon Nthe GoM1eth SéOSROWRNERYcapsiadh tolhe
reaction sol uti@e.aggt he reaction 45 solution was stirred for a further

180 mnutes at a terrperature in the range from 75C to 80C. The reaction
solution remai_ned colorless and clear for the whole tine. The I 1 SEP 2003
26 wire neshiPhgs were then separated fromthe reaction solution and
rinsed with wét éplungoncti @ -has dét¥ethd@@:21 r omHPhe2tithgs cfurimmgniwhs
procedwsSe. Reabllcondsoind il addof wapledusgasobnia golweiensybsequent |y
conbi ned and tsheepathpdidimed a@nbendednizka wotdd Ned sabut bpnivas
(rjletne;m ggﬂl dD%%' {nigzlpourﬂi‘ %H}&%m&ligf‘l%%/%qfttkl?ewﬁ’rﬁ'é %QEQ?H%%%%H Ulmogno; he
8. 6?1 g of NaH%E@)%% £ % %5?15 ?‘? lmrg Of nf hﬁ%le%(\fs féc ?iutluoenous
anmoni a sol uti‘dt £3 ‘S%‘gfstl'r @r?@f"ﬂ) anghe sl 6 b‘flma‘?f"&(f&édugaﬁlam soI ution
(1% st#%ngt hths&sEd Ohitehst3aring: urie GFREALPD | $PBU4OR| was hepsigshited
wat er was nadg509 amd sstliG@edmhtr buisl-teopeoabdred S dr askuftberddnith a Tefl on
bl ade stirrer miAusegsonds splaft ithe wePekdsh B@nds Z2¥bdhcell haHa&EEPribeld HAO,
?i 0S/sol ;/regnl {lhﬁodrmeeé ot ue%%@agéfd@gd &oOftR@;]r@éBﬁ%a sN@gE’ﬂﬁl“ar&pg:ghELn on
0 S Wﬁ
round- l:%ttgrre @%? ’I gggoﬁ% 4:]9{2%”%\%@% é:fg;/\je}a §8 to stan t|| It
began t% chand&’ r(?aﬁ O%A BRI TITEETMALRT EreERe D fiSiceAtht of
t he col or cha p ole time. The wire mesh rings were then separated from
the reaction scolution and rinsed with water. No solid was
detached from the rings during this procedure. Reaction
solution and washing solution were subsequently combined and
30 the palladium content of the combined solution was
determined. Deposition of more than 99.5% of the available
palladium on the rings could be calculated from these data.

ICé:

35 A solution of 19.2 g of WaH,PO; . 1 H;0, 43.2 g of ammonium
chleride and 268 ml of aqueous ammonia solution (25%
strength) in 1320 ml of deionized water was made up in a
2000 ml round-bottomed flask fitted with a Teflon blade
stirrer. 48.24 g of an aqueous Na,;PdCl,; solution (1% strength,

40 based on the palladium content) was added thereto while
stirring, the reaction solution was heated to 75°C and
stirred at this temperature for a further 40 minutes. 45 g of
the wire mesh rings produced as described in I.d were
subsequently added to the reaction solution and the reaction

45 solution was stirred for a further 180 minutes at a
temperature in the range from 75°C to 80°C. The reaction
solution remained colorless and clear for the whole time. The




brown was added dropwi se to the first solution over a period of 5 Tgtllge?
The reaction m xture obtai ned was subsequently heated to 40-45C whi 003
stirring. After 20 mnutes at this 25 tenperature, 45 g of the wire nmesh

rings produced as described in I. d e added to the now col orl ess and
clear reaction, solution. and the r I on m xture Was heated.to 75C over a
period of 30 n{HR EESPTRANGS rEeifed eF‘l FRRANAEES £REN S SEPEEEY from t he

reacti on sol ut$oHERP EPASEENSRS Wikl rtexn 39 SRALY “RfodRtashed | HoR
precipitate rethe neichgsnduhéng edacitsi pmocsdine.i FeacReartscdmtdon andn t oget her
with solid anddélﬁslmd’\%olﬁﬁhélﬁivﬁé’te“@ﬁﬁs&kﬁéﬁﬂﬁ@eﬂbhulminﬂedhe tha 19aiue was
brought ginto SQl4i1:0nUShDY- Sk @egbﬁu enth Wag Batdadig, cosbanteh the
resul ti ng sol ut%on vva% de Sé%? g e ; § % an 899% of the
avai | abl e pal | Ztitth%n "fhe p°p§ s & %’r PEAF2 u’rfﬂe& ront 1hese dat a.
ICS: A sol utiefPlt bg agcpiatedifpop th ESEH ,ta21. 6 g of ammoni um 40

chloride and 32.4 ml of aqueous ammonia solution (25% strength) in 160 mnl
‘of deionized wat¢er was nmade up in a 1000 m round-bottomed flask fitted

~with a fgflon blpg%t %bttm’:%n 2481340906 £ afunafiogoUs Wo@Pd@ .4 gobstion and
0.24 g of an %I ry: 2Rt S e S0l g &Pﬁhﬁ%@sg tahso'?aé% rbst%hﬁ 45

pal I adi um or con stirrin

e
reacti on sol ut?% REd 'has 85'[ &3 97§% AR P I 82% o] “as? tijh ig m nut es
at this tenper@igigitiysbgsed qn theppadbrdivry copganty) i@ rfr‘c?éhm}l‘?'fgs pr oduced
as descri bed id¢eiondiagel watenbgequanteyupdded 1609 el rreaod-batteras | on and
the reatdi on madrirdtwas 8ith reecteff@bnablfdddd Beiri20. M mgresdatoliBGonThe

reaction sol uté&ﬂbﬂl@mlgnedz@pl@rdfe&aam Gl eaf,d,0uibBe1vADIi@ BothI®os The
wWre mesh ri “9@ é’li&f dniden, §§‘P cff 9! Lg@é@ sh%a ﬁ&@ft 'sgﬁ!u§9(]>xlx’t )gn and rinsed
& S
uPf

with water. wa t ur|n thls rocedure.
Reaction sol u’??’b‘??ga d %@gﬁ‘? ﬂ]'éﬁbu ecgg seq entl J4¢ 8 nﬁne’g %and the

pal | adi um and b‘?%tf?lnlftﬂuéenlf"éﬁ'%%me\ﬂelféaﬂ’ét e 584°04 SBIOPt Fah BFLO¥ES of
the ava?®abl e paldtadtidumnhnll 58%eagiant he change gbler ptathirewm emdt he supports
coul d be cal cuimieeil dftledmn afbeserdatcammeiSEmentScA sld utdlow oha®ged tp of

NaHZPG2 . 1 HAGowhl v@sgaaﬁe@rﬂmdigbcm:otfﬂéjfflﬁ:@d dStutlon0bvag] U qiis id@noni a
sol ution (25% §t§%{1 gt&% ang\] Qe@ca-.%n 1%:%6919@@11%(1 YRS BBOSediRrtd
10

1yd
1000 m round- otto t Lrrer 24 12 g
of an aqueous NI i %U% 3 1rrern1n gg ’basogg‘snu%?'ne AT Edi um

content¥> were ’é‘%fﬁé“tfattﬁé'?et 8> "U‘R,f he wire esh rings produced as
described in I.d were added to the now colorless and clear

reaction solution and the reaction mixture was heated to 75°C
over a period of 30 minutes. The wire mesh rings were then
separated from the reaction solution and rinsed with water. A

30 small amount of black precipitate remained in the reaction
solution. Reaction solution together with solid and washing
solution were subsequently combined, the solid was brought
into solution using agua regia and the palladium content of
the resulting scluticn was determined, Depcsition of more

35 than 89% of the available palladium on the supports could be
calculated from these data.

IC8:
A solution of 9.6 g of NaH;PO; . 1 H;0, 21.6 g of ammonium
40 chloride and 32.4 ml of agueous ammonia solution (25%

strength) in 160 ml of deionized water was made up in a
1000 ml round-bottomed flask fitted with a Teflon blade
stirrer. 24.12 g of an aqueous Na;PdCl,; solution and 0.24 g of
an agueous H;PtCl,; solution (each 1% strength, based on the

45 palladium or platinum content) were added thereto while
stirring, the reaction solution was heated to 75°C and
stirred for a further 20 minutes at this temperature. 45 g of




solution was heated while stirring to 75C and was stirred for a furgg r 25
.mnutes at this tenperature. 45 g of the wre nesh rings produced 4 Eb 2003
described in |I.c were subsequently added to the reaction solution and the
reaction 25 m xture was stirred for §7further 120 m nutes at 75C. The
reaction solugbon renaln d_col orl

o°s r t he }é\,hcf tinme. The
wire nesh rin EAPET L1 nﬁ?h es?ﬁ? cEi oh gt5*"6n and ri nsed
with water. Néuéﬁ?‘i‘be%'dé’ agéedched s GRACRACR (PSR dtRd g e KiegchiBRedur e.
Reaction 30 swoixtion wasd skasbhedgfeolatfvghbherr REutisegeemt 7 XC6rbThed and
the pal | adi umreqet o sfiutthenceoshs ied sollubless wasl cleaerfomeate Dapdsition
of 84. 6% of t@@mélVai‘ﬂ@QJﬁepﬁleEdeinq Q:erE@héﬁ‘&FEHatrétE@Uff%nbech‘éa' cul at ed

fromthese data §5 ICC?(]'utlon ané rm&e\/gl [§ th‘ia o ng? g&fd&]gﬁ% as descri bed

inl.d were |n?ro rovi wi.th

heati ng nant eFieEﬁ‘"dh%q EratPEns Wt%ﬂ&réngo\‘}lﬂtq é’ﬁOS‘F JreastirBH2 PR
1 H20, 21.6 gsglummmnsirnwehhemd%olaﬁdoazmrecﬁumqaﬁnhhnemy@lmﬁnﬁné
sol ution (25%tBérpeaftdyium ahB80phdt Ofum dentahzedverat eeteasiredted. The

reacti e M Xt BegodBSi difdre@7%00f Sfe ak2i08bTe qﬁalaraaaqﬂem S¥a2R4Ck e
solution (1% géﬂ‘éﬁﬁ@;ﬂ%ﬁ%ﬂo&ntm l%%géglc-'s”%&ﬁ BQt%afélﬁaOcelazfQofRf an
SO strength,
a

aqueous Hz2Pt ased on t e platinum content) 45
wer e subsequeﬁ thereto and the reaction mxture was heated to 68C
over a period of 40 mnutes while circulating the solution. The aqueous
solution renaitf&d colorless and 1 1 SEP 2003 28 «clear for the whole tine.
The W n8 nmeshar éapst V@t eft Bes gsepavam,ed; f r anebbe 7eaEclg off sehariiwn and

rinsed with wahebriadamohizd wWasofledqelad hnAdRid@o3UPPes t@sturing this
procedure. Reagllg, % oI Ut i-eQ and, l;.]l% ggl‘y 1d QN rg Qe q%tp%q]qléently

combi ned and "‘6’%”1976 n%‘f‘eg(ﬁrfgl |1F é’“g"i’l g ﬁ?%ﬁ’ﬁ R’l\tgﬁg supports

det er m ned.
coul d be cal c8 a%%%F'f rifml?t HeSE ¥ntagueys| E‘iﬁdCAlls%ﬂ]tﬁtllé’ﬁ of & oDt TEng Ty
NaH2PO20. 1 HRBse@Xmn 4Ahg gpklisdbum anntehitor vehee avded3fhedetsf, adgeous
amoni a sol ut sebu{ Zndowazt heaged)whilelG&3rpingftaaisoni ol waast et iwaed made up

ina cylindrigala ZfJIt\fm%i'SQB' RE QY sledewieh s healhddiataeat eds apdsllne
circulation py ? qlgl d@@é’cﬁ%‘ésg g?ﬁ 4 SokULi @ 1% strength,
ggf édﬁsg

based on the um-.co wer.e the reacti.on

solution was REBPEIPEISe 85 25305100 AS TGP S e "ERE L8 ng

ci rcul #8i on. BEBLYERHahetirEed FsH Evaghepr befldddusss d%"sc7r5i°5edTPﬁ .
were t hen addedaghibn solution remained colecrless and clear for the whole

time. The wire mesh rings were then separated from the
reaction solution and rinsed with water. No solid was
detached from the supports during this procedure. Reaction

30 solution and washing solution were subsequently combined and
the palladium content of the combined solution was
determined. Deposition of 84.6% of the available palladium on
the supports could be calculated from these data.

35 IC1i0:
45 g of the wire mesh rings produced as described in I.d were
introduced into a cylindrical 2 1 vessel provided with
heating mantel and circulation pump, and a solution of 9.6 g
of NaH;P0QO, . 1 H;0, 21.6 g of ammonium chloride and 32 ml of

40 an aqueous ammonia solution (25% strength) in 160 ml of
deionized water was added. The reaction mixture was heated to
56°C. 12.06 g of an aqueous NazPdCl; soclution (1% strength,
based on the palladium content) and 0.12 g of an agueous
H;PtCl,; solution (1% strength, based on the platinum content)

45 were subsequently added thereto and the reaction mixture was
heated to 68°C over a period of 40 minutes while circulating
the solution. The agqueous solution remained colorless and



20 the reaction m xture was heated to 70C and circulated for a f rf&%r&éﬁ.
.m nutes. The aqueous solution remained colorless and clear for the 03
time. The wire nesh rings were then separated fromthe reaction solution
and rinsed with water. No solid was detached fromthe supports during this
25 procedure. Reaction solution and W&hing solution were subsequently
conbi ned and tHleapafbadiiemvdmikehinef ThHee wicenbesied isgbuvenn tien

determ ned. Depe@sirkten ffodGHeOlehbeidy aidiakhen patd adnyeuonitheagepport s
could be cal CEJoats%aifirQ dNe3% A2k fom 3¢ gg:ﬁgoﬂésggiuglﬂtg thes wire nmesh

rings produced as described i.n |.d, were In d]é I Nt .gncvyé |endrical 21
vessel provi d&F SEPERTE hBi T ORafiPLyE 3T 38 rﬁﬁf_{’i‘%ﬁ"gﬂ nfd % sol ution,
whi ch 3% had BFedserEgnbly termbSoed ard gdiey pglapdigmpnsent ¢pGhe24. 4 g  of
anmoni um chl ordothin@d7sol utaforamaaqdevursniaedo nbepsoititnont §PHwistthengt h)
and 250.6 g ofavan1agueops] NaRRGC4 6 WipperedY%eosid eegthlchraed dhokhe

pal I adi um contgt) a+3663 nl of deionized water was subsequently added.
The reaction mxture 40 was then heated to 80C over a period of 120 m nutes
while maintaining circulation. Vigorous gas evolution was observed above
a tenpet®at ure 6 tabout 56C, but this steadily decreased with increasing
reaction time Pas@luadoniof BH.7y 9 ebraiPe2by It HalendR bt theit pRPONIME
aqueous sol ut i o43deecand Y edl of | agse@rsd aninenia flutthenwhdid®e tine. The
wire nesh ringsengis)t hem sepanabedadidinzedews e iaenmaak uip aim and  rinsed
this prasedur o) BESetlan 2ol uiiag e el Rl ff e mare e e ety
combi néd® and t%&cﬁgf%éaflﬁﬁrﬁpdngﬁf glo? c\flﬁean ég‘rl'r%?%se a§gflﬁ¥\? So1RE L8N (17

det er ni ned. DEPEENSEEn BRsTORLEREKREL LAY FPREGY) ét’&il'ﬁrrf“gﬁe%\/aﬁé’%ﬁﬁﬁmts
coul d be cal ciinst adief Froact Bn Fodution wasiheathd tatHiCFsesenh Feadad (e,

CC2, IMto |Ck) mimneestweblechainthihimy egerulisatidn hd#Bsgadt 63@ arigde50 bar
pressure priQfeshorigghi PodfcdaN@sU8sEs ¥ ORRY 1hes,d MerleVihdesidd@ @hat he use

G root Dt hea™ 999%%?‘3 N o bt BBl Ky L i e
El to E14) andgulrﬁ:?‘teﬁe¥ a'ggm%fepsl'c% CafUET s%ﬁégg%rrgggég-?o%g%ﬁe

acet ophenone (AB€afprarEisy . thomPeArstHif pdde, Wire Teffaryaes ¥&&F &atcc

whi ch wer e notsepagetedi fironm chehaeprbtemtsalmidani ord (IEAESEEr ¥ v &'aLe&npl es
CE1 No solid was detached from the supports during this

25 procedure. Reaction solution and washing solution were
subsequently combined and the palladium content of the
combined solution was determined. Deposition of 96% of the
available palladium on the supports could be calculated from
these data.

30
I1C12:

468 g of the wire mesh rings produced as described in I.d
were introduced into a cylindrical 2 1 vessel provided with
heating mantel and circulation pump, and a selution, which

35 had been heated to 45°C, of 99.7 g of NaH;POy. 1 H;0, 224.4 g
of ammonium chloride, 337 ml of an agueous ammonia solution
(25% strength) and 250.6 g of an agueous NagPdCly solution (1%
strength, based on the palladium content) in 1663 ml of
deionized water was subsequently added. The reaction mixture

40 was then heated to 80°C over a period of 120 minutes while
maintaining circulation. Vigorous gas evolution was observed
above a temperature of about 56°C, but this steadily
decreased with increasing reaction time and was virtually
complete by the end of the time. The aqueous solution

45 remained colorless and clear for the whole time. The wire
mesh rings were then separated from the reaction solution and
rinsed with water. No solid was detached from the supports



20 and CE2 in Table 1) and the catalysts ICl to IC4 according to tEes
.present invention (Exanples EIl to E5 according to the present invemt ER\ZU‘B
Table 1) were enployed in a 300 Ml autoclave fitted with stirrer,
thernostatic control and pressure rT?i nt enance at 50 bar as reaction
vessel . In this 25 autoclave, a catalyst nonolith was in each case .
installed cefusisd HbuProsederer rRgachics splyian PpdMesRipmh|goagtion
uniformy wtwekeqsmbseanengdy bymbimedtandr she padddiupesohtent wfy §oA,
hydrogen and thebigegtdaanviedi was s dnineticedpépoditd onbot t 9% off tthe
autoclave. A di;g¢harpe ddingqkihoysne mhistpbbes 3 IOBLCEL D@1 dled Yiemcoul d

be taken conti Euouscligta\llvas | ocated in the autoclave lid. After subtracting
the vol dnes f&Pe&FI 9t ernal fitti ngs, an effective reaction volune of 200
m was available. The reaction nmedi um enpl oyed was water containing 544
ppm of hydr og@éalbtbei ehetady$ts20bt pbrad il GSResehdr i K ladPdICEE) MRFeaut ocl ave
was fl ooded witirkatbe widcthydrogedi fiwa éndouckosedk5°Bubsé i@ ritdry preReure

aut ocl ave was gheatedo afukdig ofcart i wde Pépuptioxygen and hydrogen were
passed 1g,onti nuously through the reaction vessel at constant flow rates.
r

The hy en _content jin.the outflow.n as was determ ned by 40 neans of a
t her mal cgﬁdugFF5FP9 %%&é‘cﬁ orT FhEPED Sgontent of the liquid output was

determ ned by titration. The selectivity to hydrogen peroxide was based on
the hydrogen Thensunperties lod thacearalysdsrebtEaathmeseebeset1t? &d€or di ng
to the presentdirevensymrhesissefwagdneghn glerphiédabincn dedepgerdantit ocl ave

but it mAas proxyigdad(MkddpidselatobRsketarfdolinatko aEx@abifNgCl heaat dinysts 1

1 SEP 2003 30 +1eChylPoddedt {0 b8 HBSfogidibak: (ERimpRagHey . was fastened to
the Iid of the autoclave. Inits center, the basket had a cylindrical

opening for the shaft of the stirrer, so that the r Sp! Gtjve catalyst was
suppl i ed uni f 319 ?hﬁtﬂﬁuqﬁﬁﬁ'dtgﬁdcgtﬂé?tﬁﬁglr%‘éq:tqcén ﬁéﬁ}’u‘ﬁ’é‘fﬂo ed was
wat er havi ng adepgdédpento Brenpdeseaht Bntemdion2 (CoPRATATd Ve PREIDMTY i%€laci d
content2emf 5GO@ pBM idhEelkleadt)i endvessalatwdgsts obtledoMICA eheordad iten
medi um and cl agRd prSubseqsRintY ona (ERaR AR ESt £6aES afccordihy oo nEd UM
hydrogen and qxvqencves,dAsRRd ihheayeh 1NerdOckSRSi 1nTHE306 OflCt / gas
m Xture was Ccontli nuousl y. t.aken . a e | ctl on
conditions andTESaFts %ﬂ't*i%ewrlgécfﬁ)%reaérﬁl'e tﬁ%%ﬁ%&%@?gd ci(aﬁtirgg %&?.. 15 The
reaction tenpRTEEGPEeTAMHLNHCS| 2F & th%n 2 ﬁﬁa‘ﬁloa{h(ffesfﬁg'thret]}i? af t er
whi ch t2fe hydraosgeslevayer stadmlanl Rereliffdvagetn pradxicage ol pia L 1iss
-const ant are |ddogwired abwlitcathedstirrer axis so that it was supplied
uniformly with liquid and gas by the stirrer. Feed lines for
" oxygen, hydrogen and the reaction medium were located in the
bottom of the autoclave. A discharge line through which the
30 product/gas mixture could be taken continuously was located
in the autoclave lid. After subtracting the veolumes for all
internal fittings, an effective reaction volume of 200 ml was
available. The reaction medium employed was water containing
544 ppm of hydrogen bromide and 1200 ppm of phosphoric acid.
35 The autoclave was flooded with the reaction medium and
closed. Subsequently, the autoclave was heated and the
reaction medium, oxygen and hydrogen were passed continuously
through the reaction vessel at constant flow rates. The
hydrogen content in the outflowing gas was determined by
40 means of a thermal conductivity detector. The H;02 content of
the liquid output was determined by titration. The
selectivity to hydrogen peroxide was based on the hydrogen
consumed in the reactor.

45 For Examples E6 to E12 according to the present inventiom,
use was made of the above-described autoclave but it was
provided with a metal basket for accommodating the catalysts




in Table 1. 20 I n Exanpl es E13 and E14: A double-wall netal tube re c
.having an internal dianmeter of 2.2 cmand a length of 2.00 mwas c g&ﬁ) 2003
~with the catalyst (E13: 1Cl1l; E14: 1Cl12). The tube reactor charged 25 W th
the catal yst was connected to a circulation punp for the gas circuit and

to a cooling/heating cicuit. Subsequéftly, the apparatus was filled with a
sol ution of 12&5ppm ¢10 hydregsasbroimgs ;andliS0Ekepnwes Phwsgmedrte acid in
wat er as reaehkONn;Aeef WHeARALtBRSa¥d 0580 itEhgefBAC! it BBREkarMna@sa30 passed

through the apRasahtseal ARyt Al HloWnedl P08 RLLE:, The efBLi £f. Pl ant

was set to ap essure

mai nt enance vaPFBECTHES Cﬁ?lgFFcﬁ%%ﬁsl’éﬁﬁ&é%un%g gg :glgqﬂlﬁpre sure

15, 600 &t andag@s-1Th§ wRactdep ﬁ?dh‘é‘&rﬁ"ﬁiPY?ﬁeWgGaé”a&chHP&%‘?%@ Mﬁﬁog%e 35
ni trogen in tbegopadectoruent wdslalbsmywadt kyphesptacdd byid coritentr ef of
oxgyen and hydmnogeppmwi tie treactabh ovesdlh@abWologhRsewibRi tige Sefactdom
hydrogen cont gRiih 334 Ad:RBS! SBbseqld:RAN, Of Afﬁlhﬁta@l@dﬂfzgeém ofs circul ating
gas/ h was brancaeg onfmeJ o ;1 grgas Cl rdc%|t an %g?eglo ﬁ%&_{(}%rg}?
conductivity 46 5etlect or Jt ‘det er e e ﬁ %Ieo en on en{jy ste
gas. TR feeﬂeFEFEE o?h%;ﬁflof}t}@ﬁ %1?‘&1 ’?J‘)?‘}g‘éﬁ V\%ﬁ"é:%dﬂi“&?% b%ﬁl%?ﬁaﬂ

mass fl ow et @étsthpupivrrlave dédeti on, the anmpunts of fresh gas and vvaste
gas were continually recorded. The reaction nedium]leaving the reactor was

separated fromhkheedotr fdd Cdhnatit NGnPand FedutLpBBtide 2Bdcendvaped out of

the plant. T q de content in the reaction medium1l 1 SEP
2003 33% sepa:;g{ngég(%?'?gvnlvarg%%ggh gual ly nonitored by titration with Kvh04.

5 10 15720 25 30 35 40 45 1 a SEP 2003 31 1 ?i U +J OOkDLf NC +--|OdOroC]\lr -
The reaction temperature T, the total reaction timé t; and

the time t; after which the hydrogen conversion and the
hydrogen peroxide output was constant are likewise indicated
in Table 1.

20
In Examples E13 and El4:
A double-wall metal tube reactor having an internal diameter
of 2.2 cm and a length of 2.00 m was charged with the
catalyst (El13: ICll; El4: ICl1l2). The tube reactor charged

25 with the catalyst was connected to a circulation pump for the
gas circuit and to a cooling/heating cicuit. Subsequently,
the apparatus was filled with a solution of 121 ppm of
hydrogen bromide and 5000 ppm of phosphoric acid in water as
reaction medium and was closed. The reaction medium was

30 passed through the apparatus at a constant flow rate of
500 ml/h. The entire plant was set to a pressure of 50 bar by
supply of nitrogen using a pressure maintenance valve., The
gas circulation (E13:; 2500 standard 1/h; El4: 15,600 standard
1/h) was set by means of the gas circulation pump. The

35 nitrogen in the gas circuit was subsequently replaced by a
mixture of oxgyen and hydrogen, with the ratio of the two
gases being set to a hydrogen content of 3%. A constant
stream of 44 standard 1 of circulating gas/h was branched off
from the gas circuit and passed to a thermal conductivity

40 detector to determine the hydrogen content of the waste gas.
The feed rates of hydrogen and oxygen were regulated by means
of mass flow meters. During the reaction, the amounts of
fresh gas and waste gas were continually recorded. The
reaction medium leaving the reactor was separated from the

45 circulating gas in a separator and conveyed ocut of the plant.
The hydrogen peroxide content in the reaction medium
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wl0 32 10 1 1 SEP 2003 33 Exanpl e E15: For Exanple E15 according to the
present invention, the above-described 300 m autocl ave provi dedEym 3
nmetal basket 5 fastened to the lid of the autoclave, as used in a g@
to E12, was enployed; in the present exanple, the netal basket was used

for accommodating 9.2 g of the catalyst 1Cl1 (wire nesh rings). Inits
center, the basket had a cylindrical opening for the shaft of the stirrer,
so that the 18xeabaé ySts was supplied uniformy with liquid and gas. The

autocl ave wasy gaﬁggﬂ,}:ﬂ téls299081d93 Gy %Rgegmr&nqnﬁgg £ln, aggt ophenone,

| osed and f t
TR R e LR e R barmeotfalh%” on

were 155i nj ectféiai"-e!}\!"ﬂiI1'e0 |trliljeeéf‘ﬂn3f f"thﬁt RatoRlaYHyge® ugefept el

consuned, thetoi ElQf ewamerpiloyeéd frorthe puetémy HGRMpilaut bhe alletatlhl s
tenperature. BakRbdl wed ubeBtbit &SomfodaydnooRiv WLicE thensateid.stAnalysi s of
of the 20 acetpbapaee tares) ek 8 SRRt ?m'b%%fq 39%‘1 hengere
(19 25 30 S8IADURLAT ABGTONY [oSabe G thaot ity kedptef, WAL HRe
producit®y cat SRFELESHA SEPPHEEd SORIESBELY| Bith d'flqé‘tldl gt 9%re T@Fam num
metal on a nmeealtpréavepiryr chargedvipitgh 288 myued rylechenanahsnch 8c@npfi ses at
| east one pl atcetophemisd, canpeéxandtfreedsts oatr ydpeengunyeintg dnd at | east

one conpl exi Rgiagend AW HadSwatPHiDfrogehQ e i futcQughtwaeito 10 contact
with the netal Lﬁgeéy ﬁhfegtgspeélfzdoeeaﬁaait* BBt B ar I Gebet NE
ohe

dep05|t|on of .t % met al _occur orm f dIS rete

i mobi %Pzed pdfeFe eéBéﬁ?'F’a’f‘i urﬁgﬁﬁ S ueoﬁ% o) ugll on. 15 2.
A process as CPAREHBEI; nﬂlﬂ AT e iR étﬁrFFan%&UtfuftPﬁr16%0“”&58%3?ents
of conpl exi ng thdentemperrtdren BheocpihtdindnPhet dfers of hydrogen were

consumed. Analysis of the resulting product by gas
chromatography indicated complete conversion of the

20 acetophenone to form l-phenylethanol (81%) and ethylbenzene
{19%).
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are present in the solution. 3. A process as clained in either of the
precedi ng clains, 20 wherein the reducing agent is used in a 10- td 1 SEP 2003
100-fold nolar excess, based on the platinumnetal. 4. A process as
claimed in any of the preceding clains, wherein the deposition is carried
out at a reaction tenperature in 25 the range from40 to 85G 5. A process
as clainmed in any of the preceding clajgs, wherein the pHis set by neans
of at |east one base selected from anobng ammonia, primary, secondary and
tertiary amnes, alkali 30 netal and al kaline earth netal hydroxides and

al kali metal and alkaline earth netal carbonates. 6. A process as clained
in any of the-peesedi ng clains, wherein the conplex of the platinum netal
has a conpl ex formati on 35 constant of z 1000. 7. A process as clainmed in

any of the precedi ng _claj s, in ti I | 6% ffgom 80
to 100% bl"—S/ Yiei dhiPT, ges #ﬁcﬁ%‘%?h%céﬁq Riat HPUM LN e 9MBEHSE. |

a u n ro to 20%.Db i pl.ati num or
iridium 40 8. o ﬁrto&%§§t a%"eclpg}a%éaum iy oF ?h%Etparllel\ggdlgﬁépg%%i r%g‘l wherein
at |east 0.1-30vg/ch ah agueaissMediBn pylkGhn GRTEEHFRS AL LPasHelPs &f FrgHP
0.001 to 5 g/ 1 wftaat cbapséx oree flertheonee|redsntng coggrdunrddant, 1éasfe®nén t he
pl ati num net al ,. alr1kgasy 28mMb 8auhyal £1qis of 7ats onpliexibeguagenintand at
least 10,100 1 1 ¢ %&29%&3:%;%&@&9@5%%& 60N +agRB! p B @i fligs sol ved
in an aqtitous FHEGi.UM. 9. A R oced\ssoastfl ai ?Eghé f‘a@yin%;n 1he iir di:ng,
claims, conpri®§tid atP e} Gife (6P T He Tl oW h AsUres: Z % e%hing t he
aqueous nedi umthe ﬁﬁémr@§C4%§ﬁ¥eﬁﬁnpéﬁﬁﬂqh%%zegvg? HO&S 5§81 °F BT A
about 120 ni nutlesncgedepns adueqwsesene®iadf- the nmetal lic support; (2) heating
t he agueous nediumin the absence of the netallic support; (3) increasing
the platjfium mef alydeeBsConcent il 0n ¢éTainhe, eBesoLs fredi sbvh® Bbavaodbe

| evel customary_far _aigﬂgihof CQMp18%Sng (dhen@ddbASe@ dH ahkNPMLEBL @ reeed, SOl

to the aqueous iy 5 st aht| | g the platinum netal conpl ex by
reducing the c?ﬁf'cé’ﬁ?% |02nn %qlec%lr%% Jé%rpng agent in the aqueous medium or

(6) destabilizing the platinumnetal conplex b¥hi ncreasi.n t he

concentratidn of BrE¢EEFNgS aRfeHimed an qhderseforhe REgcsdysE ShtHMrabl e by
the process of apredh the reducing agent is used in a 10- to 100-fold molar

excess, based on the platinum metal.

4. A prodess as claimed in any of the preceding claims, wherein
the deposition is carried out at a reaction temperature in
25 the range from 40 to 85°C.
5. A process as claimed in any of the preceding claims, wherein

the pH is set by means of at least one base selected from
among ammonia, primary, secondary and tertiary amines, alkali

30 metal and alkaline earth metal hydroxides and alkali metal
and alkaline earth metal carbonates.

6. A process as claimed in any of the preceding claims, wherein
the complex of the platinum metal has a complex formation
35 constant of = 1000.
7. A process as claimed in any of the preceding claims, wherein’

the platinum metal comprises from 80 to 100% by weight of
palladium and from 0 to 20% by weight of platinum or iridium.

40

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

at least 0.1-30 g/l of at least one platinum complex, if
desired from 0.001 to 5 g/l of at least one further element
compound and, based on the platinum metal, at least 20

45 equivalents of a complexing agent and at least 10-100




claims 1 to 9 for the synthesis of hydrogen peroxide from the ele t qﬁ“
for the hydrogenation of organic conpounds. 11. A process for preggﬂ]iscEFi 3
hydr ogen peroxi de by direct synthesis, which conprises bringing a catalyst
obtai nable by the process of any of clains 1 to 9 into contact with an
oxygen/ hydrogen m xture having a mxing ratio in the range fromabout 5:1
to 100: 1. 12. A process as clainmed in claim 11, wherein the catal yst and

t he oxygen/ hydrogen m xture are brought into contact at fromabout 10 to
@0C and a pressure in the range from abbut 10 to 300 bar. 13. A process as
claimed in claim11l or 12, wherein fromabout 200 to 7500 ppm of at | east

one acid are added to the aqueous sol ution. ,
equivalents of a reducing agent are dissolved in an agueous

medium.

9. A process ag claimed in any of the preceding claims,
comprising at least one of the following measures:

{1} heating the aqgueous medium to the reaction temperature
over a period of less than about 120 minutes and in
the presence of the metallic support;

{2) heating the aqueous medium in the absence of the
metallic support;

(3) increasing the platinum metal ion concentration in the
agqueous medium to above the level customary for smooth
coatings;

(4) adding a platinum metal seed s0l to the agqueous
medium;

{5} destabilizing the platinum metal complex by reducing
the concentration of complexing agent in the aqueous
medium; or

(6) destabilizing the platinum metal complex by increasing
the concentration of reducing agent.

10. The use of a catalyst obtainable by the process of any of
claims 1 to 9 for the synthesis of hydrogen peroxide from
the elements and for the hydrogenation o¢f organic
compounds.

11. A process for preparing hydrogen peroxide by direct
synthesis, which comprises bringing a catalyst obtainable
by the process of any of claims 1 to 9 into contact with an
oxygen/hydrogen mixture having a mixing ratio in the range
from about 5:1 to 100:1.

12. A process as claimed in claim 11, wherein the catalyst and
the oxygen/hydrogen mixture are brought into contact at
from about 10 to 60°C and & pressure 1in the range from
about 10 to 300 bar.

13. A process as claimed in claim 11 or 12, wherein from about
200 to 7500 ppm of at least one acid are added to the
agueous solution.



