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Metal Catalysts 5 The present invention rel ate proces

produci ng catal ysts by el ectrol ess deposition ammEWWMHﬂ%EMMne pl ati num
"fetal on a netallic support, the catalysts obt is process, the
use of the catalysts for the synthesis of hydrogen *pes©xi de fromthe

el enents, for the hydrogenation of organic 10 conpounds and al so a process
for preparing hydwegena peroxiaimcisgnpldtiese Matal ytlyEasal ysts conpri sing
platinumnetals as catalytically active substances are used in a w de
variety of forns and are of great 15 industrial inportance, e.g. in the
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whi ch e %uﬁ’opor can be_used in the formof relatively large units, e.g.
in. the.fBFRDIENGFSEnGREEYSfds or: in particul ar, woven neshes, gauzes or
shaped bodi es such as nonoliths. Such supported 30 catalysts are usually
used as fCxeatyec camprisisg aidtinke ri\thdéss‘Fb‘l’@taclc}”‘églallgyoﬁ?t’c‘éﬁ alytic
processes giPsedh@sonaR aakl yimndy attaegeatietyonti fomns amdnpse . ofhgreat
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hexachl or &¥&8P&tFRate, heated at 300C and activated. Disadvatages of such
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for exanple, as an.inexpensi.ve_ subst i 30.f{ o Qeldzgoated nmetal parts in
the el ect r SHPEII NS Py . al—rlblvr\’/éa\x/:gry,r%sﬁ l;ittt?’at es whi chthgge been coated in
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coat suppof2g’C/lfclpsdi agd subsequent firing a 400°C. The procedure 1is

45 subsequently repeated using tetraalkylzirconium and the oxidic
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35 netallic supports, by inpregnation with the catalytically activel deS&P 2003

. in soluble form In order to obtain t.he porous surface necessary for

. inmpregnation, the surface of the netallic support is oxidized or, for
“ exanpl e as described in EP-A-0 075 124, a porous oxide layer is applied to

th tall rt. and. this, 40 d
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cat al yst sheb@%hmﬁaﬁaﬁihpét?\ayh%tseﬁl ay éO%c?od‘“éaf‘%T’y‘f‘?tt?dactl vity but are
not suitable for many reactions in aggressive nedia because, particularly
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the direct.g ?n}ém.gg'@éé @cﬂ?ﬁggli{/OSQJ]Wq%Q@@s%&M%naprf&ug&e nobl e
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presence &°d§88| aHF Ry B SISSph PR as 1% H\T@ nﬁ 'g erft's The™Y@duction of the 30
nobl e gt al takes place in strongly acidic solution in the ( presence of

t he supporilesrathantcdleads tingt Prodassest osnebciodery B nobl e net al
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heir use ¥ tFﬁéeﬁOWliﬁ{/)"orf dfaPFBh %‘?m?taezdetl(‘)’pgghoneé' *“tRe" calfaaygt ¥
r oduced Wteﬁlffﬁﬂ'—ﬁed based on the work of Kosak, and here too pall adl um
chlofide is deposited in strongly acidic solution (pH < 2.2) using sodi um
hypophosphiti@enas st aduei figeragent . b&ey mtk, tboooavbsgpeesst hatcuwEngqueous
reacti ofg MaQTLQEQQﬁérEé” fpjyd 1ﬁﬁg i AP wheh Of 1 GRRERRECHETLY Qfctiibe
deposi ti on, lp@t‘_gll % Hﬁié’rkoq]\e gF da £ t%uggog]{ e/yjy ci,lgrgggngpldfazget ri butes

to the forhati ver article o) ium
Reynond “eczfs§ta§tye§°f héyprte@@agb?%ﬁl})% SFIBSF 1% ts the m ‘E??}ﬂ%‘é‘ %ﬁg@q

sol ution ak®l THEIGEPoST ti AT SFaFRES Nt aﬂqﬁcélgﬁﬁp’d‘rtE arAe p%%e’s%‘le's %whi ch
proceed sipadduanesuskylaydt hist beplbedretiad direofetikl isasupePes #8f thd saqueous
medi um pg oceedisngeRBE Eb&dli sHdve Ehanpsier depasetadiicosuppbhes pet al support.

The fact thgl - dfagceat @wﬁt@qeoreg%@?ehmltwa@tw Maa .aTgeodacatydtyt i C
activity A e 19 gﬁ‘ig »ﬁ:} %lggggyc &F@O%g@z{fynéicors@tlpm'm glhods by

nmeans of dep oSition o enepus s tion, | eads Reynond
to concl ud’éo’i P EoRES Fhe %ﬁo§??f“6h°’b§ HoBPe™ BT n S "FrdMH 2°€BI i on whi ch
has 10 becpmetiowiemdyentoley mhie\ftaéuwecdmoéveaowbﬁ &heePiftdpatayed 89| eads
to cat akyttiosd liy reckers éble pesicts veniomeo frethel cetiplortt ©ccArdi sadvant age of
the catal ysts produced by the nethods of Kosak and Reynond is that the
catalytically active coating obtained in 15 this way has insufficient
adhesion. The insufficient adhesion is reflected in the detachnent of noble
nmetal particles both when cleaning the catal yst after production and al so
during use in the catalytic process. This can |l ead to gradual deactivation
of the catalyst and to contam nation of the reaction nmediumwth netal



~20 particles. Furthernore, activity and selectivity of the catal ys‘sl SEP 2003

-produced in this way are not satisfactory for an econom cal direct

. synthesis of H202 from hydrogen and oxygen, particularly when using

" hydr ogen/ oxygen m xtures bel ow the explosive I[imt. The primary formation
of nmetal particles in the |liquid nedirum 25 bringé vvittl_[it the.risk of the
“suspendedAp&i¥ HRTLMASTOPILRT rRF WHFPPEt BIRPHEFTs PR dFF 1He CEUBPBF TS &MY t he
parti cl espbregsiemtidicheipgozits dshstevelscredsspyderprsHelafeCdl PPRIG upport .
It is thepefslesamkOlreat agiedute splesenis iny ertnsnof orgruingeagendd in
:mrfPrgVEd RLOCSSEs drfdle Brf?ggx%mim%_t tabéﬁwpﬁ{cthedsph@%@m fEFhU.@!riaélt a:tmfs |

ich ensurées_very conplete depo 0 expe p n al an

good adReSFoRTHE’ t3fe dﬁSSFéb?fgxlé’I %?Bkt_ﬂeﬁnsetza?’l'i,égsgf)ﬁ%ﬁl.' %th!r?t Hg%ér;r@l;ér e, the
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pl ati num Rétal conﬁj’ ex, at r(?ast .one redumsn Aagent. %pll GORP! £xing agent

and has aCpERO¥SHT et &%t RBRP A4 BPEuBHTCS rﬁgo coﬁ a§ vm’?% hthe netallic

support t@rdapssiphasfe puit P%mlr’?’é‘f’aF‘?sW(farFatlﬁétaeE%f‘?i%°6‘f" e platinum

metal on tshepeoupport atfiage, ovvuspiihgbls far Misd FheFied! Mreceeses in

i mobi | i Zzethe presefdd rdfy agnedes vt chamicgles from the honpgeneous, aqueous

medi um,gd n the text which follows, the term"platinumnetal conplexes”

Ca T ke Eafinonnci2 o pRIEEaate o BPBEOEE K R s
" horrbgenet?t‘ﬁggflg?%%ec%&i%g‘é% s acttﬁgnb?ge-sgn%%g%\?‘?%?{io%g%%n O% turbidity
or di scol MedlPERUR KA VHFS R hiAHEPBR ¥F TIPS pEFE W ed Ean be
observed. nétapasepportatheasbbystdasedi badtlps iaamnples ave i thterimedi BYe

tur bi didy Qakeedlbys pieawispitiath i oy Mesaltpatt iaclsesongly haeiafior medbs®wr ved
when carrying out the coating process according to the present invention.

The catal yftschig%Sféj ACOE L W A ckBEnB¥ CARIMr do¥CRhE 0PI t hel ess have
10 excel | ent, cat v%t Cprlo%(ei%elaresﬁncconli\](ra r%/o NS tlggsaSEPanQ_qﬁf Reynond
(see abovdI ' BPéoVer. “EssEntT al 'g\t‘;‘an?i at]'ve “deposiiion ciof g)rie pl ati num
nmetal fro -tRhexgéPbt‘i‘%‘?Frdﬁ’ﬁsb'éh%cgﬁo Ea.l‘“fh‘é% 5y BPRPRLST A9 Fr oduced
accor di 2fg mec-aftheapp byt andveheiomseutpri shadgliFasiv EYRtReT fir §aPan

resi st ancefrbm ayednogen tdrel caggem! Hpreat theckeiniecaetsidr bgsapHlgredekanphe as
in the hydiaganipesoppsie pynthestoidise pdawitg gisinkr paybpdtumfchdiordédeat i ng
gas and high J1quisduf! &14rakib0fing B3GR iahheén mldengadtpesdddite BE _
nechani cal  4RLACA0ERL. bl QNde AliJlnbNEqBkOCoE 2babBe; B R5PRhel venti on,
t he deposﬁ Ib(r)?%[ 0 %atl um netal 1s Eregcelrc?aibcl )éociﬁl{:%&?d'rp%h by an

el ect r of P& AGG2L it 5 35‘2 ¥ &FP0EREn Ta rregns Ut by addition of a
reduci ng RfEfercs PRetRDIPPEAT B ForPEhee Tt P & eofofﬂ%t%‘?":é§ nt

i nvent i on, £ijledtyi danided aloblar eet vk neotlielaet B Sthef SPAEREPR iWH DY oup VII I of
t he Peri otbhacohalsl enrnbdrednd ghodi asma ireisdil tm Wipdl |iadiressiog nfeantion di um and
pl ati num [siggd, tReetsierd iis géysIvieedutbethemxtehadiihay fied Irathilem and

plati nug Mﬂ)%'é%ggy{@rixprt@@?f@ﬂﬁ:eqﬂ $ BHYER dSutidly adi uRe adbpRR tpl ati num
The catalysts of the present*invention can conprise a plurality of platinum

metals. Here, all conbinations of the pl %t énun}r?gset gl s mr?nti o:%le1 are

concei vabl B ‘priadéranek TWILGeRC P CoRBinal FINE 5t paPHAUT um ard pl ati num
of pal | adipgn did72hodi RimReymopd| fegf iimeanshe rP¥RINAtION BAl | adi um pl ati num
and r hodi umeaid-s3ppot tedlpadiadimm pdataiysis aand | fhadirumseTher phrg i cul arl y
preferrgd gRuideahioBn! &t RRlkaghemdmdyd mhat tatamydu isherooubédaty ans _
conpri si ngmgél%@% iy Q@lérped!wﬂgkp?:.efﬂs%hll,)/aﬁt?m&%e'@o% they g@iuy, pl ati num

met al conponen e proportion of pall.adiumis . prefe |y, above 40%
by wei ght ,CIb]_r%‘?’éjl’eabeg%l%cg%ego%}b?/t’\l/)%qgglﬁt 350%%R oqgl?ctl‘logul( gél%/ag'rzéf erably
above 80% BYiNeiSGHE LMHRKRRPIGSPPAES t3t ACHHFAPT ndf Het SCYEBREentoCThe furt her
pl ati num nebsdsvashitbht nhlye Bauppes erracisi cdeBBAHAR PasoMesi tueRtd ah degkeach
case coabtryhbide Harinen3&Berty ofergbtdefprsdfcépabd§ pril lta@l id@gobytheei ght and
particul ar )y, prefesabhby-tp JhachSie Promeightibeied e tthleakodhaplad igrum net al

content. The platinu . | ' t og J00- Ry wei ght
of pal | adi URf n%mfer ggm]lggé%a)di@%g%g\{/\%)g‘ﬁlt %ggp%{;gf?‘jn%%@gggfnri%l um | n nost
cases, from1l to 3 of the 6 platinummetals specified nmake up nore than

95% by wei ght of the anobunt of platinumnetals used. If a main platinum
nmetal is augnmented by further platinummnetals, the latter are generally
present in anmounts of greater than 0:001% by wei ght, preferably 5 greater
than 0.01% by wei ght, e.g. in an amount of about 0.1% by wei ght, about 1%
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-10 inpurities. Additional conponents which can influence the acti vi’tll SEP 2003
-and/or selectivity of the catalyst are, for exanple, netals such as cobalt,

- nickel, copper, silver, gold, chrom um nolybdenum tungsten, manganese,

“r'henium alumnum tin, lead, arsenic, antinony and bi smnuth, and nonmnet al s
such as boron, 15 car bon Si | con, n|4trogen and ospharu b tals and

‘nonnet al sstrents ohed bhy Bermmtdoane e heAd i PBF\F% rhno? Fn® E‘]bnll(())rr?l c form
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used i n5thke mﬁf@és§UBP°FF|e hedét th@‘én? eoncabelifviggé ?R:If)grdutcge 99%}&(@3 the

pl at i num wet shaveoat igegs d&t@%%é%#ﬁﬂ%t‘i%ﬁ’a&e‘it'ﬁ% it yﬁ?fspr?
present ipyesdiwmtiongl plkealig metthbdsapyl rdasl Phederes it i9et Slfs“"@{f'
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amunts o L Ve qO% LQ; g§%PYnd’Eﬂ'e9HEtai?§Sﬁ¢npla bBeuplct ivhuehneasl

t¥ha

content. onent t Sagkecoeneral ly
pr esent0j He?:@m%m’dmﬂmé’g e?}’fm&be %’f £6 ‘2-8&/‘9{)@'}&1r %Ogiedﬂ&?{le%%gl rom0.1 to
15% by weights avel datadatiredd uradtidm 838°f’30 Bl se 5 on the

pl ati num content. In the process of the present invention, the platinum
metal s arg@ 3dspaeietald pruskd astqilyattisnprodeted b@o#bﬁe&%fshoq}‘r efekeftle is
given to ‘A%”ﬂe%é‘r‘id NWMLBEakhé gt xRS ch Dl adivieheopt itg rabhaiped| i1 s
present, Ll he oxidati O%u%tfgéff%bt* éh%st%n Copw | 1630¢ rhaveny auneeasdi nati on

nb Gtr VayY : .
glrjn I’lg::lt |y r§l§|1tr355?§ f‘brthﬁ‘r GgGaFh mf a°t| nu ?gST&Ial g,gregﬁgg bdﬂ’ﬁv%ghon s

y Whi
pal | adi umdlsanhegnbhe JAtRLYEENR ‘i%llprc? Bh‘éﬁta“d(;t? Pog ct” gt:aﬁa ggf‘the
conpri si ngapallyade upyogearsparhisutan %%&Paﬁ?@‘%‘?k&?ﬁf’?éi’ﬁ PalFadltim as
mai n pl at u&mlge&agn@om)mmtamlpati@dlq;ﬁr(cma)r@mﬂﬂo@x%da\ﬁ@ "p’r"é’f detad.

Pal | ad'iUT([Jar)uEQEm eﬁ(@:.stl'leri:more, adbieiryanbage lendiasity oborlke rmuaéMShﬂnber
4 are part] c%l arly,y dlugs wal rQf:@rﬁél@esdt'is'fﬁcgbyﬁrfdxoa@xOB‘Gbﬂcﬂﬁicﬂﬂs of

| at . 1000
N e

counteri or@qr’orusﬁaBlhﬂ?{ﬁﬁed‘dﬁﬁh’gﬁﬁsme?ﬁtd’rre&r E gorré) éxes ot her

than t hosertef ptAmpal| selinahicanofl Betde RaFddEhes v} &t t4WhE FUHTErent al

princi ppe wiimhawgenneuttisd itigk S6i tad| mspegded veall adiargeat | Peidifds are,

for exafm'@omp'i@t%%edeﬁéﬁnmagthal suigorandnpstuelgiraitiigdes Ereguemtiyri de,

chlori de, %éqg %%’ta'cﬁgad@erPYoo Qe apgl $¥Nme€d 1 Cbe cardpaxyl.i ¢ aci ds such as
C

formc aci etic acid.and 15 propionic acid and their salts, chelating

acia, 1, 3-8 o AT OR e AP Sakey T Ao R ‘ﬁmlgggfﬁégmﬁea%t '
1 C

ani nophae phiopi @ et iPAeCeHE h A H?OFPFF‘B‘Fre‘P lsf8BRO%Y eh ac| aket.onat es
uch as acesydncetowatieh enesyvarBoRyNPle tic FEBOSHEIPROLaS" §1 SR VEci d,
acti.c aci g1atafdmdimet adchfld ajubdladbenicn' @titipeandbitqdigtadaltesthsyi t abl e

el ectrical ?éfté‘fﬂa alyphbgandsy ANRrmbet , expalaealakky| sinuld hege sachids
acetoni tri tafvﬁ.Q?%c%EGEt S ﬁﬁnggﬂe%tlpitfn¥6%1tﬁeC@ﬂ&Eﬂﬁldymﬂhbeiinﬁﬂy

C1- C6- al ky anmnes s ch as r shov@Rr QPYd afHviee,
n- but yI dRi Ae%2 35°Pe PYIRRASH aar%%ngxyﬁ%;(ynra% %gxggﬂmt hyl am ne, di et hyl ani ne,

di i sopropyPﬁW‘h‘éﬁd APEF254PG| ST, trimethyl anine, triethyl anine,

tripropyl am ne, N, N-di met hyl et hyl am ne, N., N-di nmet hyl i sopr opyl am ne and

N, N- di met hykbpiyé amue, tdeantnbs oujrelcannﬁeéchltee’teldaht’n@sp%sﬁo §am nes such
as ethylen gbéﬁr&j}eg i dietpyb ered rdaamilRetandint mhéthyberetsst rarpaesous

nonar o 3?' C guct OB 1 6HCLh c}@mdﬁﬁﬁl%@Eha@-sle@értr ehédp1ex irpinpeetal ne,

nor phol i BTAZi N yrro Vesd
pyri di ne aﬁ&mﬁﬁéﬁarﬁ”nrl&als h’b% c|lr]1n sgg a(ﬁ]cf Qﬁcah\ ?{%)ég?it:\é%lfl C.
Secondary dnd hepkiof yXEREeh. M| DIOSRPHES: ST g ® 513 BRosphi nes,

in particulatalliphemdqitosphieros snd-heulPf pEbRuR Rek 24 s E’.LtICGt*}?Dnoal kyl and
-di al kyl Sléi'eiab@@élo%.ﬁltlreﬁgmaaﬁymhm awect aldbar yhe suippodsssanthesPgeRrring
conpoundg;, Qi 1d- %rxﬁ‘lé@'lﬁlswérégg phemyis iand, al sn tfhiemlyeahehores, 40
Parti cuI ar lrﬁ/aﬁgr Sh &t rg ory cqmml %hgge)l;écgﬁsnd%gﬂégué hediaki.des €id afdxdewaneh

a

brom de; i cul A nd
et hyl enedi efrﬁlﬁ@t"ét r’é}é%e*iqr@ 585‘5“%‘?{8 “éﬁtsag ﬁ%‘p x@g tg}'@grg?g%/%% gJ%;?kal i

metal (e.g. sodium or ammonium salts thereof. Pref erred counterions are
al kali metals 45 such as lithium sodium and potassium alkaline earth
metal s such as nmagnesi um and calcium nitrite, nitrate and ammoni um




-1 1 S~~ 203 8 Suitable platinummetal conpl exes preferably have aq 12§5P 2003
-solubility of at least 0.01 by weight:-in water at roomtenperature ( .

. The platinumnetal conplexes) are, according to the present invention, used
“i'n an aqueous medium and are used ingsuch a 5 concentration that the

pl ati num netal content of the soluytiqn is in the rang o) 0%yk0 20.0
g/ 1, prefwrcigirgefnc¥ h‘"eharrzﬂ?&ecf’f’f)%’tﬁ%otnocﬁw%mbrfcﬁs aang.gzli%%i ﬁl?caﬁt;}f%

pr ef er abl yorigounde pangkatfimom 0e18ls o Theo2greous Fe38aPI BT h't n€ range from
0.15 t0 OuindHehechit OME&: 2He0 pQrosgHsl odr the opneRe3s: tiovensien Mhero ey ef erred
pal | adi “E%C%rﬁpdﬁg e'ééaé sf\él(}'?l%}'é%hén MiRdidabg, pMEH i@ on( dEMYARAHal 4~

Pd( NH3)g 2 lng ) .%gﬁgr%”g. Pzg’&g!ﬁ)eg ) 2ne Wiie -Nbb&r Bhedlgealdrne
metal , PnPPEFASESI 7" s0T| UM an EO assi um .and Hal i g_t?tt_gg% atom in
parti cul arrehiner iinserBedia tfe tOFPLOHTHhERYES Ia:}ﬂ}(t%_ o Breterr 3 iati num net al
conpl exesparei (ML E| +10: 6 £ deprbrar veNMPERPE eF 1Y 1AM eaﬁ%gﬁqus[ cdg. In
addi tion, ptbeea0ueedsdiRgi tinttenpresest: dnveabsen ol SQGEtHEER0 agent in
conpl et el ér&ﬁuc@i tdcablk i i gy SEplvnedpiosent Suivbabien rediesithglagenmavare all

substanceS or tur : Uadaal, £6 bl awsbetiedoxt pot enti al
of the lél Sf?%hfr%n)r%etcgl%glggefn%o%gg%ii{3.eesse Qgg_ﬂ;c . NauwrRgva standard
pot ent i al REWRATE ﬁﬁa% ﬁ??rleé)ss t han +g§ vol{, preferably a standard
25 pot ent dabositias©ft KA Pl TREAT SFRPE FCagRht - or redu [ng agent
m xt ur e haghgesad ullitei tytatyaic Icoasings,RRPARERGhECCRTES §8I§ 8t |east 10%
by wei ght o LDetel AGHEAUS SEfbrimiatly ooane enmpéght abragIBCKesEAtpREt erred
embodi ri%”g%egf A NG PIESeNb s | PMarH n@Bhahheay eduekny Agerixamplehesr dduci ng
ggentl mxt geﬁiugﬁsoenvip%gﬁkég ![egggl Jus Ul aibR {ﬁ@odg}qﬁ&usfnegi um

anpl es of'®s bie reducing. nts.are. ic r8Sch@edi C
acid, cit CRECHERHINT &3S é‘“ﬂc'i?ﬁ? cAapid, %l‘g%flg’?ﬁh i ﬁ@%‘ért it?lffgr thadealts
of car boxypesanidrls npMEFBARbFIL 14FE25PRERY 65 T98PSr | alkaline earth metal,
amoni um and C1- C o-al kyl anmoni um sal ts, phosphorous or hypophosphor ous
aci d, spj t1g, eheppospi @dsthe prypepltosphenvian adbe, IPROHHFATC PfarPBhe
al kal i metal, on, 4l klding searbbe @iyl cagkied dil Gypaal khewtwlasch as
met hanol ettgggol i é”%dﬁ;s%gr QPADQlocrSHYRES Mkt dutabgoseditint ket ases in
40 the forfi “frondsacchar ges |tsl%(r:1chari des and ol i gosaccharides, in
par t i cul arre§iNGdBge39FHudPosBeahd 1 4aE 6se, al dehydes such as for mal dehyde,
bor on- hydrogen conpounds or borohydrides, e.g. boranes, netal _boranates and
bor ane zommgdrexes, pergesal vdr &he, PXAFEDG ML BHE HHAAIY/| @éaahﬁu’&rﬁ"ﬁf&gr 8h8s, in
-parti cul are s robh BEhEYd BTioFohos asi idny drawp el Wn@faktRg| PsFrAiondePifieh as
met hyl hydrazine, hydiagendiidhuani a3 adndmdi ddiomi,t ésidiwn prd ildatapuBodi um
and pot ass[ um.hydeagendi dNiQnigh fen SRAirMhenium, 5 rhopatmg spaiaarisimz end
di thionite, i dr ogens& faiu.:[tei%u Qg Péfceirteﬁée id ﬁaféd ¢l §El§eﬂ:ﬂiidﬂnaaﬂd
pot assi um PS8 sBIfi k%, soal u of assLUm and, &aliehum s WdddSse a
hydr oxyPanP ¥t v - uF RS, S 2rid YAI°8 0° 'tﬁleurpes %ﬂ% eof .. .Pr g_fiﬁgr ed rgduci ng

phi fe, . amponi um,

agent s~ ar ep o Liyh9BoPHRSHIIM BSEALE pdieassi bt hyPOPRGS
formate, ~ pratetiny hatk he-hovaeeedsers RANSELHRAYHF i RF S IEGEGREM HF t$1 01 t€ and
sodi um hydgggenditibnenst epa Hnd iahsandripltatiesmef o hnpdiaddifor Rttt B1thidodi um
hypophosphjﬁepaljigdligmggggrfgidi@h,l eaSpalaneingdoxl 2giiumlaedt rhbdsey e t he
sum of tpe pIS) et gl 5. anh adl L Ofin. CORROBER oleng. preferred

pr onot er's/ @ p%n]t o0, edf]?;'él% agent 4 & YeRd: 1Ahend ebrdingraesat 1s

pr ef er abl ycalﬁlé’d‘al'frpé’x&ésg?_ CAml |mcuf’ar?q\{| sul téb; m)(la ar.J 81tti o,s:h;_jr&%{n

reduci ng agemerising geiAafivet A2 4pEIVh RYGECF] §§ FromTo. £ to 100: 1,

parti cul ar pyaptefremathy EooporERtt £he 6RECROMtEPNeRAMPTE HHYM 18015 about
40: 1 or abgutrbfirly Ebevel ect rml eesghieposiafiesabdl eheve| Gl BYNFARERF is 20
advant aggoushV, LA 1d 84 1Yt p At £ fr MyOkbéhie AGUERUSe gt irhasfedgreatee than 4,
pr ef er abl'y {;g%;%iaﬁ'%%pn B[O &XaRR! erfiL O fne® pfatifupatdtanyl @hiénom 8

to 12. It necessary, to add at, | t e; e agueous
nedi um conﬂﬁVsP%gPlter?@%ﬁl afi ﬁﬁ?ﬁ‘%/fba[rgl C%ﬁ%teuxe%gﬁd ctgﬁelgaé&ﬁ %ats%%(;ggti n

ed
order to okbatnibife 25 &és??écPBpP{EiBBF'tﬂ’f’eefﬁfrﬁﬁ&é’egpo{:ot#g% presen
i nvention, shaspsrecalatrlyspbstfanddy op tonidurys WRABER: &t If ttfoilaé for
adj ust i ng theePhlRTndtha aqdesns. RE piut dnirhenatedisr pdefarakely laenpaiercul ar,
utseI is {nadefr(f))}‘n Pgi§§.1W§cgghg%§g§pml 8¥%1 54 &hin iazgdngggmopet]gd iﬁ bly. el.t h?vg
at least partia wi s hasé charact.er. | rablly ogekget e
f r om among “eefaF 8§i%]&t,m|’f@t ar hﬁ/ld%lgl&i'dggsnﬁé%aarsﬁiséufgéﬁalﬁkal i metal
hydr oxi des such as sodi um hydroxi de and pot assi um hydr oxi de,  net al
carbonates, in particular alkali netal and al kaline earth netal carbonates
such as lithium carbonate, sodium carbonate, potassium carbonate, magnesi um
car bonate and



- 35 cal cium carbonate, nitrogen bases, in particular amonia, pri anWSfEP zgga
- secondary and tertiary am nes as descri bed above in the discussion of The
ni t rogen-contai ning conplexing |igands. Buffer systemnms, particularly those
" conprising the abovenentioned bases, g he salts of the abovenenti oned bases
and/ or suitable acids, are 40_al [ RarLt i gf e ¢ ad,bases
“are amonPL® PR FESIS §8%?hfn%%dsﬁ1ra§>g<i %ié%o&eut@%h §i,:40?;r}{ )rﬁ’é%ggéggses of the
present iaperrt o PAGFOUS ﬂ%’ﬂ?]ayé‘rsgdsuﬁgtaaﬁ@é‘g BFHMFLFES *thi ¢h, ar e
| i qui d undegméhtediye gag thsr cpkati MugnBe haks c dital ALERT 1388 F°1B98 by wei ght ,
preferabl yrateh€ast aQ¥Unky veighiatardthan partlildubarvaighiteasre5098y wei ght,
of wat ef. ?}rggté’xaréha"%@ioQ*é,li%Sbj?g&elV@It%r el.§. PLefar abbyntedfaiedtf °|°|m by | 18|
anong i Norgan| ¢ or, or.gani ¢.subst S f : st partially soluble
in water B&%’PW e%%c’tutpglgt |%§I vy @s%?blae_ !\f\ngtr%@v@t 2’%_15%% exanpl e, the
substances which are different fromwater are selected from_anong organic
sol vent s, TE&- €2Ra Rt kiaredily, aFhi®e pAmpoagREr MR tIPARSE Se ALY ﬁ}ng’b‘g?lol ,
i sopropangk+als bpiienalso $aethat asdmenter &s badditdlonapeeerpriien tandr hexanol s,
C9- C8- gyl Qalkyl ; &8 hel s is4eRadScokginaakydini ¢t as, ipglemsse dihexanes and
tr;gx?ngsiacl %QC%}%-QA@) V15 8LREE §1 SPE {%ﬁedbgﬁélihgt ggggrfoﬂgﬁl&pheet her and
met hyl butyl et her, and custonmary auxili s L a S ;QRoOcesses
for el ect MGrads Yot icﬁﬁ’.atl*gl'hen%ﬂbeleidusco%la?hm %rv%?ér.gﬁjﬁ' c.orﬂog:ilgg' | ess
than 40% moAyPaeRWRy| BINISEES / t RARITRACAnGPBRAF T ¢ 8P Bt 1 drably 1 ess t han
20% of orgaehtcsoiviitionyl Bninb psmitdyr adde ppRR HES §UER ¥hPPPScess of the
present; § RweBbhONs il heomqueensgardinimphoseboems i dlbleymétaks ofndor gani ¢
gol vent s. ,ﬁﬂ%ftaiéozﬁéﬁ%r@dama UBe M len@OBRLRX: ith@ohedubémg cagént and the
20 base, 1HS 3AHEOUE RO MAN LULINE cAAYPEEEESe AloakaRs! ARARAMREE! NO
agent, pref@r8Bly cohtarning at feast one halo en -kt EQOeN. Q4XGERand/ or
phosphor ushét Gﬁ‘\taP%Fl‘f?l]elypt?%ﬁdé’gsc%’?p?rﬁé‘_plr'"g et B Avent | on corml exing
agents ar elmiednd soRNG OPPIRATEL SAhPE B s 1 B St 451 i 285WbT &1° iOhs in
aqueous2oTeditalykicgeheradt ivas copphneim ueedn §oREEtid JatBPHbHoYSS 1P s8Pt s of
donors. Su takhetdepocsngenaealtkyohattes admpeserteotsedn ipathe iressant
interact wigdh J-agcABt BhvdHion GeRRyexidipagents iticlthar plpaitin wedrly
sui tabl e fcogaf{iagspggﬁggi Ofe theqREesENtod RHeNELOM e blIOSRe Whiteeneont ai n
nti gned heter

"t he abovene t et ns a q f Ltable
conpl exi ng-HGSTEE ar 8‘?he§l?r<eatcial1 m%%??g’sm&{d?\ 65???@%%ﬁthhgggl§ﬁg'l i metal and

a
al kal i n25 eRlrAsPhestgr BaFPR, anst hFSlB%’b%T‘pounds menti oned above as conpl exi ng
ligands for the platinumnmetals. Particularly useful conplexing agents are
hydr ohal i criaci=dsiisiehaB5caspdneiitegenn e mgsenhy &k RROVNER| BFi 8@%3% 001
hydrogen igglige, dyheeighe) isalds oaf thiepintdmahainetahcictsentnt hadid onad
particul ar ihe Rlkal LsBBt 84 Ahorkkal bnedqaimis BBé adermalalidy pnesaltsdntin
di hal i dgg, _zi NG dijalLdese GMMNiILEY 5| kSigHGh pass &raBIY Fophb oI itle 15%

anmmoni um brom de, ammni.um 1 odi de, a [ it : NLYERAidy at e,
the al kal ime"fea"Ig,htag]I%gl ilﬂepaelétr]t%qr%t a rgnddj'rea%r?og%%%i%t%%g? car boxyl i c

aci ds and ByRIrRbaFEAYBog9P e aci ds, e.g. sodi um and/ or potassiumtartrate.
45 5 10 11 In general, platinumnmetal conplex, reducing agent, base and
conpl exi ngIAgENE prarcbe addete trreskotadueamisiarediben p¥ptdmpropgepls are
Preferabby, 8fed£ASt uBBEt 28f ptdtei hdsRet 81 asligr etkest herefprears fredgivarbef ore

t he re?“?' b9 Gosly p'tlf]at%ﬁﬁ?me%{h %t‘ﬁ\plﬁa‘ﬁegi{@nlhi@g _Egéf rag-_qeﬁs\tjét&hetsi _
present inventiom, plat | num me 0 n .he gonpl exi ng
agent and/BFSEHRE" b’é‘sé?‘fesfﬁ%%aﬁ?nstStgctiagdﬂ?o&%(ﬁgéaahe%us niS)I um gnd t he
reduci ng agenrdinatEions B4ERAT | 9 dR¥Ed 2T EnPHRHE &Y the process of the

present invention is carried out at tenperatures in the range fromO to
100C, pref enabpyoddsd v rasgperésearh 3@veot 100G mmtinanply t4wia®iei ACF he
range fronb?Qd&é&ég“;latinum 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



15 ( For the purposes of the present,invention, netallic supports aie

-preferably bodi es which have essentially solid netal (i.e. in the o ih§£i00|2093

state 0) on at least the (outer) surface which can be reached by the

“r'eaction nmedium Suitable netals for.the netallic 20 supports are all

metal s and al | oys which have suffici Er]t stability under_the lparrqs,ucti on

‘condi ti onsmieh phelpdien mas secaprEnafiips 8uBPet He 3FFeRBATITHVENTI on and/ or

under the,dsgiconditions of the catal ysts produced therewith. Suitable

netals are, for exanple, magnesium alum num titanium vanadium 25

chrom um_ nol ybdenum, tun Ny Al : t, ofi KlRlinumonRPed) drsvandand

zinc and =i rﬁ“ﬁfu%sl%n%s&ael goséé}%elrngggihﬁ i %q%rooagh@yj_@g constituents

or secohdbgprcombereueatRlel EOrEahydLi BN EPOr € enents such as the

nonnet al spddriemlacapbbdh, 0% ¢ rogen, oxygen, silicon, phosphorus, sulfur and

further transition nmetals 30 to be present. In general, the further

al | oyi ng gonshiftdientsinkt seeordanygeanstdridientsteviarns the BREEMIWh of

carbon, are present inggrp HuORe €41 | @wp1ehas 2erbtheri ghose prief er ably
an

less t han®TERBE wd"gh i n . parti s vt wei ght
AL TS Chon Saieun ghisc e

el eneni® PakERA G CRY 20FRI P I,

be presentfiehatge mELAFRLEEBupOEeEl e PeIuNEsYor | U &%%gqgéglo.g? \g/\:géi' ht. |f
the met al kbe stppore,s sedapted et oy RRRI d}a}ld;f’ieﬁgaEan‘gﬁ’?“tq.? fitd %?’ seeg%'ndary
constit uepi soridesarhurtiber womnsidet utodsdear €NgeREN attd §iNesent in anounts
of at |eagt_0. QLS By, Wk oli; ANduph efermfrnicabotd, ack¥ibyaokd gind based on
the tota 40 Wg{“ac% Lh8 DRLAl 149 cauppitac TRe1mphadd ismosupport
pref er aBl §*EBRST§1 & essenti & %/tiocf Sh§elefa) f QerEOPP acerliemupug) Silver,
ni ckel , cBREBHeMFIrATHGSEERT2EFTani M or 2 n xt ure and/or, all oy thereof.

Pref er encé,Psdgalvigrpqx?u?ihgﬁﬁaﬁ%‘if"?f’ﬁfch?e%%lcgtaé‘el s’or. metal < which are

pr ot ect ed aagabpsbs funtitencéds r osdromshpit bk Hema oW 188eBFOPIRISS F5eFhg | ayer,
for exanplsgxehbQaiskn Sicelas, achrdricerpnatkel hystrgelysarboxylic acids sich
chrom %%isCQQ bilanidia staet sc andagheantarimiciidl andl ghawmnim scédl s, V4A
steel s and g 2 ég-t}?Si 1t spi abPe $11681$ 1 BAYi Pthdute alll egarals ramsbessrl. 4539,
1.9571, 1.°461 L4767, . 1,” 2. 461Q, ihe484finds 43¢h ard 1. 4742,
and al so &PBPesuRh s Wﬁé&egnﬁlébégefﬁgggﬁr%rl]lé_acnggley lafiSHRPPOELS £an be
used di r eimpnda , SREEIASY pEFFORATTY VN EPE T dd, i &e or_preferably as
Wire mesheshywenéne orn+eHEYSEMHBS heSOPEEPY b2 att @Jpﬁ Y'Y he form of
shaped hodieas.-bShapedibodiresylenitde dinepbzdanyre + FdeFRVLHTIYH are

pref er abl y; t;hge gy MBAshoN ali -nodi epl amicie , ot r Lhet ab@rd ndesEF + V& 1STPP6rt s 10
whi ch can Qe fr%rpgggmigg'r EXRMR ke thPYetiFllanige , entidigetpyesseng and the
like, for exdmid’packihg, ol QRALS, S 135:R85Chi gnirieagst rsasiies, Pall00
rings, w r%rospg}ilr_énl.s, wire mesh rings. Wt qriwhddoutideeb, and nonoliths,
For the purpid<s@snsf g ‘b?lg"saa@nltnel VNt on, q%ngl{é hs, QL8 shaped,hodi es in
the for AP odierhydeagt 5anuRgdiys thARF LY HRE So55EaI 19 1 the reactor and,

owi ng to nammdtiowcyhahnetmingtassch PRRYEOIHPARR HELTPEF Thit vol ume.
Preferred shapesd inedi gspbavei rchapyetsleyand paiaur T Faor kY% or definition,
see VDI - Wag 0eal]8Sre sSE B E 0 deE aht, phendithroanige , f plovsihibesosaohnd® Woven
meshes hav] 9% q'ibi].crieer %@EmE¥P§,S QLeopBaye Lan thet28rprodagedlky yphodpheseand
fibers of TAER ovérrentll nedhmetsal S, 209, PRLET 4 Al phehy BxedErE nRl, abRd
weaves, 3PwPPT CerarH P |s\?e-l§?1a‘ft%ﬁ&¥ in_weayes and qtbeg.speci al weaves.
These wovenuhiiirs sic8d gPef e1dplg" iméd°o *orlﬁ{lrml {i Fa er, woven

conposi t esCs-Suixtabhearwhainidt hhdaewt AW <EIsEpPRT tEYFELeGTR° WoVeEn neshes are
descri bed 85-¢p-dERafkifBL435d Ghhrels yindallleostppr tth6dFes are netal foans
and netal sponges, in particular open-celled or open-pored netal foans or
sponges., .Partjcul ar yi m@llgg,_lﬂﬁ a gy dndisl bryptiod elpldesal ity of 30
| ayers & gSF Uga e"ldl?sl ir‘_gtégplé?%nd/n%rs sgp%lg ﬁ}m\ﬁqgrrrgmimr@h are arranged
so that adfBEeRtds ARt LPBFAT hot'e or /| eis cl osed %gggggé ich%-gydgggl ic
di amet er otrikehyheming s AvarpiefdhF Py ANEH HATGE T7 0 éﬁ t6 10 mm in
particul ar afisentle 5d1-0 Zmim oasterra-eREayefTPeial dif-Pn T4 PEat | as,
Section LE bhonIhe shannahsrean. drdferstdacointariongr 08e. 2 Pradfle MefEds| s

given tousing oul {iloMer, weahes idu Wakebssamptdliandneoeatgntedads spehsed

woven neshes alternate._ Lt I Rieeh £ her wovenanmeshesiak.e partly or
conpl et el y 3PePREREE LY %r}%gggfgﬁi ttegqneshes or expanded netal can

| i kew se be used. while packing elenents ire generally 40 introduced into
the reactor as a random bed, nonoliths are preferably installed in the
reactor, in particular so that the channels are inclined to the flow
direction of the reaction nmedium The |ayers of woven nesh thensel ves 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

. T T M r 1 o o I o,



~10 formed into shaped bodi es. The deposition of the catalytically aﬁtigsﬁ
- conponents is preferably carried out after formng into shaped bodi sl e%093
shaping the bodies and/or installing themin the reactor, care has to be
"t'aken to ensure that as large as possj ble a proportion of the surface area

of the catalyst is 15 readily accessible to the il % ng reagtarit.sc agg t hat
“the presstuitahlsp PlAatiRem eatdlocoreleies RrederpssitAve 2 ThY ul?is LY
particul ast yldagont.ant by priopesseswasengt irgahdtsreseitsRe med? £) -SiPeabl e
metal |i ¢ SUPPORIS m2R%e BehpX¥M fesyubteci anjorieabatw cele pPesenength but al so
preferably have g 9eQugt %h Carp WS RCE s Y dbeat&ruddi@BnOsbciPd 1, in

ticul S OR 5 e/ d pref | h /1.
Sef or ¢ SpRPFATGH CREC R anlil o T Epte ey T e B er T

ne “Irré sugﬁoré,fr%?“ t he
latter isipreferzige éreaneddt H& 38Rl §/1 e R IAY2 P12 meRE WFEH° ddifdous
sur f act ant . sotaitd angy/andhdrp et wictulaiyyepreelarabdy uin ol Fengrefte®torary in
el ectropl a5i Ngs @d/ Forbyxatierd NENthei khnges Fawninc0 st vientds 25ughl astrrhy |

acetate, ?ggt%geo ang Mater erdd dlesi redovs tdyit.he assistance of ul trasound.
The net ﬁl iC support can advant ageously be subjected to a surface
t

treatng prior to deposition of the platj t S i ase the
surface aP8afe¥r¢hdaterSirR CIHFEe é‘ﬁa/%’%#rpﬁgi?byéﬁﬁ%ﬁh’dtﬁgg?gﬁﬁg“f’ t he

pl ati num 18l 2Pddalne PoupPoraialeor P&k ¥ Pdrtdng PilBEpI4fdar ot q4fe™
surface ofist A slipfdnte bytabansn qfarigicdsar ssastivg5and PRtRSGHAN caB@iRR, in
particul ar shydf ot & sk oG Un apsh tidnekr oNl¢r iawi,dbramtnd eradiedingul furic
aci d, q@osphor}c ag: d and m étures thereof . The partial dissoluti ﬁn of the
surface™i s prefera carri out _so.tha ) o] % i ght,

pr ef er abl fugFBﬁf P15 B$ 9 p\%é?b%‘fx? mffta{ihéoé%ﬂmggt ;f% &i’?@é&?%g%\g 40 The
active cofpBhehtrs,(NHap2PtHe/ pNazh Hm ﬁ’é‘?a’?zPBE the platinumnmetals and any
addi ti onal conponents present, generally make up from5 x 10-4 to 5% by
wei ght, innpastieibsy fieorqlfelds troedidrbyonet tfws, apalesslend yegretedabl y
from 0.3b t:@ehe0% byommicdaty baspsknlay thesébieal foess Diitdidecat al yst
(support + §§E§h¥t£%@1{ﬂé’la§g hYe sOdddides orixﬁ-ﬂ(dufregnwﬁﬁkﬁ_tﬂam‘dﬁl co][rp:c exi ng
agent is added, to.t t : : edoh A ffureuerl of from
S99 Sotsgtasnh P ALY B ig) Sl i st

parti cul ariSFPpFer BF &b yl‘fer'o%“%t?%c%%d‘aé'lﬁ?val ent.s, t he cor%l exi ng
agent, baseestst Rediup|oft Le§H Fta*h BHEntP’feESFag Bl B9 et al i ¢
suppor t28 pditienstiabr ofighess mhenchnyakt- ikehr efdec guegast neti LBAYET t he
aqueous nedien aeRtatsishad al eastbihitplalt fhubeast 4 bynpeexhtit he reduci ng
agent, at J.eastaBayta0f1dddtt hesbBsaw@ithe,i indesd reegheotibemaditlin iaanaloom
conpl exi ngce%%gqtc‘tu Fe(%QU§D@%M1@’£E%§@iﬂe&QnB@J BiSe e Lepi¥pOnent s
used in the elgctroless deposiy ggep@foqr GrENee AGLGOUS BRE! Hikd sk rgught

into cont act’SRCR™ he Ret allic support. Li kew. se the:gypport can be
initialty HrouGHLYi ﬁ?’BP%%trﬁlé'ctSO;P ® a1 A5oVERENtT dned conponents 15 apart
fromthe platinumnetal. The platinumnetal is then added at the reaction
t enper at urExamplest efipsv atahle wedohing adentserapptazbaxylis 30&3% s 2gor

t he pur posgsafc takeapr esenic iarvant Laatid he ity eagtianict enpérandris! is the

t enper at ur e, at; Mhi.¢chefbes S8R0 caPbokylfte spliak| nuwaseekalypantiailesion the
suppor t 20 Geoir's, The, depasi (1,00, 97 N8 JiP6A < 0, AR ihwHRRRT 5 | S

known f e'prior art as electroplating or _electr S i t hese
processes,s%lr'?'es'#)(ﬂhﬁﬁi’mﬁmb? % ?‘HPH?QB%?]%‘? K e?%‘?rbost% ﬁ%ﬁéfkﬂ%é@%rﬁg@a

por e- f r ee SHOMEPPHOSENOBRNY HE iSuppBr PAF S dEght e SR dnB6ERYI Bers are

required, duralexmmekethfoetall ectltse €orfhmcebkdnsils PBEN @Mt anfilint ed

circuits asghdmibr anas i sdpsappeit, edupat s adichmasat bdgsts prddietdsdy n

typi cal 48! atd ng FRLROH AL SR AYS 10BLY @idWAGtbystand pitibe sheenat idss of

hydrogen peroxide Loaw Bydiogen 0d.30. 0xygac: Ibe, cAldlyses Ghehngs present
r n

i nvention 4 f¥%r-funda a fom coat e talljc supparts produced by
pl ating mef POt denyARoufht ST d(ftogﬁflc?)lf‘p?‘ﬁ’gd%cﬁén#%%&s‘})dggggéfo%" he

el ect r ol essoxiERssi Mesn 13B00ANaTRS B8BI BORBIAICOTRLBXEF nd 1% HECpRBSent

i nventi on gafilbe Hdrehydmdenssi afdnioberames sdlnepeitvicwlaral ysts for the

hydr ogeqat { pin&fhAr8aR06 0 EQMPOUIES adldef oid thi&yhydr ageimezesaxhdessynt hesi s
ar e f or med, by, 4}, IBANS 101 ARG HerHakhiBhi Ll il hovhigh iedf erined measures
|¥)n of th bove:

for the reac .a escri bed comnpo : i on her: . (1)
The pl at i nBAT hET W35S FBS?,a’?%é’chr?ﬁllé%ﬁ égog%ﬁpagl%&%%g’r% Siglgﬁé agent are

quickly, i.e. within less than 120 45 m nutes, preferably wi-thin | ess than
30 m nutes, brought to the reaction tenperature in the essentially aqueous
mediumin the presence of the cleaned and preferably pickled support.



- 15 The reaction tenperature can be fromroomtenperature to the boif {nQfP 203

- poi nt of the aqueous sol ution, depending on the reaction m xture and the

support. If the mxture tends to formsnooth, relatively catalytically

“i‘nactive coatings of 5 palladiumon ghe support at conparatively | ow
tenperatures of, for exanple, from40 to 60C, then a temperatyr aj.ch is

"at | east pO@slsiighepnd baingrddftdiaptie 'athyldé'ﬁg?“?blée i§hafd E,"S‘L%éuLE %b\g@éhosen.

10 (2) A gatiitiken areasdien aoTopdtags twn thiydrppesehtt iithyefPfbHi s for the

essent i al |y AGUERAUSHAT X4 1t Birdfsuatitepmydreny satineh@ndenredl fand aflsp

exanpl e, I;‘\rxocr@r%l%oletnegegg. 600 m nutes in the absence of the support before

t he supgorlt I's brought 1nto contact with the essentially aqueous sol ution

of the 15 reactants. This heating step requires |ess.ti t ' r the
t enper at uPeefisgirest #844RENY tPegeg’ttrsoﬁIj%r&E_‘{fé‘?“r b&ﬁ%?}hog?pzﬁtetﬁg.gn? rﬁfthgsgﬁglt em
pal | adi unn gt ordsge i tepmemhemushifornees , driBRERY BHH- 15y BBHABS pHi 1%, °7F or

exanpl e, §4:40,3Q ilde , 98081 fnt@k rbnl temmbD sodie0Qydr cgendiht btewbiie, BPdt he

sol ution %fsg TSk ieat 86 20hddt diheoahsen @ dokolihen Hympehbsphité s al so
possi ble t0 choose a tenperature at which a snooth coating woul d be forned:

on int*8duction of the support i diately after mxing a r tants. 25
(3) A furinegenfsdur 8EwhFeERt I‘§§d§e_8’_‘t%%u%oar%ﬁﬁgf o or gnsééﬁorg‘%gd&gat al yst
accor di ngthe it inesestalavatt i2ddit ko ac@MBP e SRipfo®t having a snooth
coating i prémotaar/eapanthe, pbatiedurinetaderdalis eettefNeafPEACHII AT Tum
metal CoMpk eXr CANGANYT abkanimhoie skharahiail ardy nes s ayisorRlpayEating a 30
fﬁct or 1gf OEtré -tngz,a lan®- £ %1&?&%@' fe{gpm@ﬁlgaut.tlél;?&ag{gk @topal 0 aditem i n
the case 0 sol utl.on -conpri \ i e, 1 arERNERam@IeONI UM
chloride & 8|‘ala' r %tcﬁcﬁ&aéggn?é%%ggg ;’?‘%EOS/ 1.%35 (4) A furth%r neasur e
whi ch | ead8o¥® 30 cat ABPYE ARebrd RG°ES thi' present invention is to mix all
components with a previously prepared platinumnetal sol (seed sol) shortly
bef ore, sirhul ¢ paxeouslessnidehositsfoct] phafplkatidupphetrt e support into the
salt SQloUbighnt S A S @lareasd bsutpraadaces & theowaudos esidivgues, in the

i Dl est_gasg. byt 09 3r-BERELAUMGTRLBL: Sldn SOl BoE oxaxplpl Atbmum vt al
canpl ex S§ T LOn Y1 1\ o SOLHL b O Sodi n JuRoRhop pRé e sairyaso e
reduci ng ént”i PP Wat er.. The uantue%(lsp}ng&i\n‘rrgo % i,g\d“rmhqu daasnsged sol
can be frém 188t 2075 %astehéot % Qivount , - pr ef er %Ery fry asm?ghQS 15%
16 (5) A tMetehefompbstira@dWtPEnTeHFBY 8 T’gylerbl OX8E5r 67 Ny o the present
i nvent i25n desiteddelt disid ithe PREPPHSE PfetbBf RACSSHtsIBYSR %_n%’&ﬁggt %y
usi ng one aQn Bubetafcdhercanpbexidry waigeht 8r¢ rewl tagher Lo rdbtsitaPBoh han
that requigiedsf phet fudoud alelnum retale aesptex wahet i om par tievdeabl ese ovar d
the reduciig.ggenteabaddie JiGast hovk LAl se & nakeayeprodar dite, case. of the
sol ut on g vpaaﬁagggsn% bl Aride, anmon im gbl ogi de, rAgTBRLG and |
hypophospHi3E, 2the ARt of _concentrate anuopni a r gyl e%,({rqyxi%egol yhion
whi ch 30 frdPEaRey st EEEak OF ot " Eeapl 8, be redu eg b 100 168 ml/1 to
75 i/ 1 orpdradsulproptiedli @‘%&ép’f‘ycﬂwlé’SFUFF%‘?yafsoﬁogﬁigmc}b‘é“tmonxgl St 2Phe
metallic sippestuactpdderigie,omehal pradenetpavelt RFFLIFuEAT () kfddt AFER! ze
it. 15 (6)ard ukhhene neasin eetald berdanatest abeh iaze lilthiemsemhadty -aqueous
sol ution af,dihe RLabbAMMe MlaseoERUMIboALLE, Ghapestienpeasbonatebpnd

| ncreasy ng Lie u?nogcﬁ?%ra?%é on, ;Qf L 0g wAduc @gvggmtcuqag bisniL, prepare it
for use’according to the presen Lpvention, Vhe | .adLymahek &n the

t enper at urk¥ FRrEOCSEF e %rﬁﬁ’ldoyggﬁ,lﬁ?'eé as redgl (% ect \ggen ysing..for
exanpl e, ahirswisEFCehPér For %’fd'oaﬁﬁb?ﬁ%{caa}é‘lc%nﬁ?r%&i%d‘ngg nTS 1% achi eved at
> 15 g/ 1 ofysedisumphypophbsphi tthoas FeehrdistgdalentaboysMERt JopsbiAS Ed
enmbodi nent+idf dahesi BYephé odhovemeak yohenlHageachhdéor gatitagde apeldht &rfed by
heati ng, he J£actii-QB180! ¥i} Ok Ak ri hepFrenatieanpbed Wre pmnoniscandie

deposi tion, Heating s p%ﬂ;%ﬁ%'eys@&{icﬁﬁ out for from5 to 600 minutes, in
parti cul ar2F1om=16°C5 300" m nut es and particularly preferably from15 to
180 mnutes. 30 Here, the reaction solution or the reacti ondméxgyere, i.e.

t he aqueouBomedieuPuEsrEar nPthg-hs REFREMY MEYAR ¢ BhRpl B EHEAUEIHY Agent, base
and conpl exiut sagenst ori 8iptefsr ablighbroughauid andengdeaPiaPeeihi ch is 30C,
pref er ahky- 200G @ihsmane poefeimbity 1456 Hisoby oeipet owreferdbdirail reaction

tenperatur g Jar 391 (4eRasthi %hﬂi%htﬂrigftdl%%s athada 20 0% Eyt eiigmmérhof 0
particular wthin | ess . I nut e r Serddan

m nutes, aRutFs sr{i’oes@&ﬁ%nagli/gheﬁsd “at ‘?%?é;rdtl%n%tégg?%yel.w?heb?gagti on
solution or the reaction mxture is particularly preferably heated at a
tenperature which is up to 30C, preferably up to 20C, |ower than the
deposition ~0 tenperature, or at about the desired deposition tenperature.
After the heating step, the netallic support is brought into contact with
the reaction solution or the reaction m xture and, if necessary, the

e o Y b1 . " v o re " M .



.17 In a further enbodiment of the process, the reaction solution of t&%g
-reaction mxture is, if appropriate in addition to the heating pro&e € 2003
adm xed with a separately pr oduced seed sol. Such a seed sol can be

" produced in a variety of ways (e.g. 5 descri bed by Kosak, see above),

nost sinply by mxing a platinum rreta salt solution or Iatlcnum met al

conpl ex saherd cMakIERis PEARKIHY CagBREtI S VAGGR TS M ﬁﬁ? The addition

of the sepdrsidlisheuldbbe tmrvated out abe¥ensd, PéHFMﬂglbbrml&FtlEFeb‘r”r‘i‘fgl ng the
metal lic §H@@PrthrnteQ(aE\QMéaCﬁhéMddﬂ)sitbﬁcéeaﬂ{ncmnaselcﬂliﬁf@rrernlt fhem Iatezact i on

g]r;E g;:bly &?&H@edogr%asr&rﬁ“%taﬂhcU§@Pbé‘r&rsr gg QLQm?flgegél?o@is
O?t nOl VT% ﬁ q- CCO[’ |ng (0] t%re ]bl’ esent

wei ght , oPaFT'lec"Eloalralme ati'nu
i nvent i onsegsbyEERNe pﬁé&egét%‘fmt'h@eﬁ?:@g r‘r‘i\/éﬁf‘?‘b% ®4it has been found to

be advant agety+sykdoehbyl ee Sheffsi sheht a% i tretFlaay iBnt Wialshe PYEARE i Fh-RGIMESi on
or the reagli PRidiaddy,ec,ecH-daylpylrE g rer ssth ras nigmetlyl reedeposi ti on of
the plati BHH@F{’%% fl tarﬂ@ REPRET tbut%@ d0Bef falld eGstomary emwmedrieﬁ

0 at

deposi ti on i num et aI yppoidrs is generally from
5 to 500 ﬁlsnﬁf%sus efePably’ rorr%Oo Ote{igc % rfJiénSifa s and particularly

preferably from15 to 120 minutes. 25 In the process of the present

i nvent i onThpr efleeent anddd ugi peaferlepSSRERiRF e tham 408 BY weight,

pref er abl pafel euldarn £3%thynwed Yrendapdrpastlanilyapry fprailer disisy tbRR t han
90% by weight , o8f ot i @bloeAtetal s used on the metallic support. The
platinyg nmetal is generally bound so firnly to the netallic support that 30

no appreC| abI eggg}rge nt QGEULS (ajf Be’ S§%é%&o£§fcqua§{.eggggﬁ i@k dsnand

gases dur itAgPh I'n ca %ol C reac 33 a,Hectsoolpr ecipi tation of
the plati r?ﬁr‘ﬁ’r ABEGPUF s‘“‘??dtu Erée?%%%f’tl Pt  oFal°cs nﬁonents i particul ar
the elenents suitable as 35 pronoters or dopants, can, if desired, be

i ntroducedphagethen vid tpliatiénphané raimeeepldexi rithe trﬁéuaq%cﬁﬂsenr’ﬁedrnéni:éé t hat
the depmsiddse) ehet Aguadat isButt iet afuramert bempnicespetal égst afnet he

addi ti onal, GOARQRRA! $5ARCULS @SSR Aldntash i tanaeust yond healaddint,i on of
the additi or%al corrpoxycgér{s a%‘&/h?e%ﬁﬁ?pﬁ#dr%@ §p,jxpt 'EQH: QQecg@rggss@s Qﬁ ¢aeried

out tovvar

aged ggt ab ;%&H%% as a
resul t of R/ﬁ‘ﬁséﬁtt ﬁ@v‘a‘d*dﬁ”i oﬁgf“p%% Ohe are re er COor por: teg at
the surfac&eorbiRetactiart KépBREA sl°“F‘hé“a8‘@ﬁ’$ ‘t?néﬂe %’he‘?ﬁ € al so be
appl i e23 rwEhsepapierinecwedtst apetdPnare Oat iyst §fofi°f1ﬁ§5pr%‘s’etrﬂbl$5
i nventi on,ddhots B¥n¥aphly depeskt foe glreeftepabbyinshdebceibethtara@® A-0 198
435, or by, 8leeheohess] Oford.eebnplykiny depasktioicH mem pgrebus Ay
nonaqueous; Lpiec pde -EQ? @P&'ﬂr%%teegnont@Qthe's(@H@ inverGQBROALAt ShdLe kb ch

0

catal ysts nt_dnventio d
parti Zul ar'f‘V‘tzi‘(:‘r\?aﬁgl e%%vem\ﬁﬁl qor ﬁQyﬂ,%—?e%o%%B@Eaéﬁ (1%1,%%3@, ﬂa&?%irzaslefoefd nner
to the 3Qrikidebde Fﬁ@Pa‘r’:’f’r’\ﬂe 286RpBNRTR b g%@ a c‘fe o3t 7 on cond] c{tr ons

di fferent #¥krhit h’etslce'?fblr%ﬁk@ﬁénénp?%d‘eéééo?d]r% t°<§ FHE PPEE¥HYS nventi on
can be chasertifomed Beosecamaosipépxihel igandsyfos Wint MlasdnapcerttAfy to the
present invention can subsequently be activated at fromO to 500C,

pref er abl yp £ r10m0,1Q 19 Egeﬁogomémgxi?ﬁ@sa%érn@% gfe fHyHPARIBE PAELIAE fIRSSUre
to a gayge é)l‘ esdgu:;ge O[)romlde arh d§ é‘é(aéﬂl‘?ﬂl%@”a!?& }%’rro'g@q QH&ldé Ortl’?é(arrpl €,

th e d f
Lo bpoc TRt Ao Phr o LG rpBR LS Cipast nepEbSFed 1f fﬁ‘r’%&afiﬁ%ﬁr Fom 1

to 150 barallzlsf eeabilyand oiked ing tapthatetatd S35t parii®c AP 1br ef erabl y
from 30 t od7ebares,| nigenditdlidest i vammiun gkdssfserh @S1erBor8WRour s,
pref er abl ycf 1@Mde ,t @nhohot rdrilda, paeheriwd iedbod) nemtondfimt hetpx‘oeeess of

the pr eﬁﬁn%mdrﬂ%/f{m QR rafE! | Mad 'a‘ﬁka@i hie: cataalkystné Sedxmr medabubndn the
presence of {he saucold peactian 9' aﬂsesa%rdl Bl Be] Q2L hea sy s

of 20 hydr per.o accor resen Invention. In a preferred
enmbodi nent € oﬂ t%ﬂ?ﬁﬂmbéégéoﬁquqﬁa P@s tiﬁantron the catal ysts of the
present invention are produced by dlssoIV|ng at least 0.1-30 o/ 1,
preferably 0.15-3 g/1 and 25 particularly preferably 0.15-0.5 g/ 1, of at

| east oge platinumnetal conplex, if desired fromO0.01 to 5 g/1, preferably
from0.01 to 0.5 g/1 and preferably from0.01 to 0.05 g/1, of at |east one
further el enment conmpound and, based on the platinumnetal, at |east 20%
preferably 50 and particularly preferably at |east 100, 30 equivalents of a
conpl exi ng agent and at |east 10-100, preferably 20-80 and particularly
preferably 40-60, equivalents of a reducing agent in an aqueous nedium The
present invention further provides a catal yst obtainable by 35 one of the
above-descri bed net hods. The invention also provides platinum netal
catalysts conprrsrng a netallrc support and a catalytrcally actrve coatrng

. . o, .



- 45 The discrete particles have an approxi mately spherical shape. In

- addi tion, the platinumnetal particles essentially forma nonol ayer{ dnSERe?((3

support, while prior art nethods give nonuniform 19 deposition,

* frequently in the formof mechanical hy unstabl e agglonerates. In
particular, the present inventio rovj des _a Y. i,n I t he

‘netallic Ts‘hp&?d‘re(raéon?ilgfémé%s“é%ttaiqagf)@p ?x’strggﬁsiﬁé oa'rsée%épgg%gma unmi num

silver, niokedlexigtyr agenm ceumistasiedt £ diieufIBFoas rﬁ‘%&‘lﬁ‘f“elﬁn‘lﬂ')%ror;qelrdy

t her eof . Sucte gl ysts 1paet esatd prhave el asi addedrgtcaltheodgEdRYS n t he

range from @ Ol 43o2@ 9hkIr&dusiPagknt The a@akal ysts obtainable by this
process_preferably 10 display a selectivity of greater than 70% in

partichar greater than 80% and particul arly preferabl, r n 85%
in the di Fe@ e \AINEdmensf O%yﬁk%@’éﬁcﬁé?o '(%’ef PB%??ate %’l"%ﬁ% ’g'. ﬁlﬂaa ’

cat al yst spbét ihmm predgdncompbentansh i4r aeetnadeitPyc TRt SHINS Pg?n‘isa‘%ff( *
hydr ogenat h@roofe Qrsgaitiec fanst i atdegiartioc tioo rgumerds, médiymeanidctiber or gani c
conpounds, saich @5 LB 18, s€bgeqiidtilyensdedqr opyl ene, acetyl ene and

but adi ge. car bonyl™ conmpounds, e.g. aldehydes and ketones, and aromatics

such aS benzene, and particularl refer f, y. k Of\, of
oxygen. ZénT‘Fl%neb’?aZJS'er}:{?‘% ﬁ§8ﬁ?f’sc‘)n(¥% H:rhtehgfgpér%vil%(lgkg%l?o%g%??g%apil(laegari ng
hydrogen pereosiRRF3TIaMAs ¢ APeaf IR tfras | & r gea’ a%%‘vgerian An"Bssentially
aqueous sohugé ofrors I deghP0f@tanddmt ReEt MM TaAn ok SHNPFdFBFRN itk ur e
having a gsx¢ng ratio in the range from25 4:1 to 30:1. The present
inventi;gn |i kewi se provides for the use of the catalysts of the present
invention.for, fhe synihesi-s ehe ydraen: pesdicle heemthe sippaerssardoth by
the anthraguino epfrocde.ss O%'BQ A0, anal 00ous, Ry Q683 ARLL LY idkr €¢h the
synt hesi sPTPER7 2 RHY RIGHEEEPIER 01 DXV En Bnd Shydr-agen. over, a pLatjpum
metal cat arydetion St 6P BhsES 8i ?ﬁﬁteﬁ%efgggﬁ??/ by “On& %6t he
met hods desachbédbnbidve. reggtian| Bediusoe§3Ekakke Metgl seknpie "§&8L++Ped in
WO 98/ b9463ppdhes Uses a1l hetedtahydtal lofst Weiqhy éswet shAfEmisndn 35 for the
direct sypihgsis:of ud&¥ dne pabbhstid kynpiei@ls ed. tBai phdtimumeaetots for
the synthests)9keE202 Al HRSEhE DO e Qbn et undarEA (125 862, EP-A-201
614 and EP-A-. 446 884.  Far tp'c% Igrsg{ el RLEPEE {1 FMER. 1 SuluhA o GREROES
fitted wi CRAGOTEGTT nat it 8afarys uagl ts, Singg this epgblas uniform flow
whi ch al | Gw& - paPEi ¥R, §6GaSFEYRt iTMMEBHE (51058 Fube Teact 6r s
cont ai Mnghbenséun; BabykateEay akyaes Rt 4590 e PPakezh I FEYY, CQPR®Arso
. sui t abl e. s43vEkeaneastnorarnds agenenituresannd exl loys gbenert MAsodds&§heeact or.
As reacti Qn1edhyntoRs€f@1eaREE ok SsétdiaryOcomd Eitvandsor i€ClisCpoabkbhel s, in
par ti cul are yater ands oL JEthangk. nddmdA@h €l bbfon, cA@bUAEth ASrdgeact i on
medi um up Lo 20%59¥' I gﬁ;[hlo%%hgpgs a! s%q.qgk" aid eﬁcu%ft%QEYt%J‘iaél%, m@@-glge

ol

added t her’&¢§™r 1 “antar co reacf.i orn r’rggl um.i,s l{s%dm}‘étﬁqﬁr&_gnggl n up
to 40% t\i@eib&hﬁ’,reﬁ?g?er%fbl%?”ﬁﬁa?o e By Thet ght- And paf3t| cu arlg% .
pref er abl yegendars 596 bl ua g, woEh vietee PXCRT P h At CROPaP ! oS &FERERTI s

gi ven to usi Rgpwapertasn sof deassathpn Hedyurneldht steASEEF 2B1Y HeSfy dhgen
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in the range from30 20:1 to 100:1. The reaction can be carried out either
at at nospheric pressure or at gauge pressures of up to 200 bar. The
pressure is preferably in the range fromlO0 to 300 bar, in particular from
10 to 80 bar. The reaction tenperature can be in the range fromO0 to 60C
preferably in the range from5 to 60C 35 and in particular from 15 to 45C.
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+ 40 Reaction gas and reaction nedium can be passed through the react oi é@P
.cocurrent or in countercurrent to one another, preferably in cocurrlemntyt 2003
with the liquid phase form ng the continuous phase and the reaction gas
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140 Eun %\r?e aged, on b ? gflé)ﬂfe ﬁmtf'aeg and rell gditovdim.a cylindrical
monol i th Vng 3 helght % cm an diapeter, 30 gga,li' kewisg 5 Gy n such
a way thatPr&AeakPal SHRIDROEHEE WAV ﬁngegfarrett er ot . %3 i was faqrned in
the centerdefthéténns fe (Rd-HEERRAT Yadhe SEFEAR P goi nt P welt Hi TR 9°THE “Hesh
pl ane spadi.ngtof 10hemsvizoeh meshesvdmving 8aEferEntmtYPRE FbrittdVieh 565t BPned
was tresj g dalceUCELEH i witesi bhdef iydrsacdt abe, ai3Fexestdnredimetthlst ianded
wat er in gn . uhtLasonis, katdhpandpyasn sisegyentiyidr bedids, bf Rretatedttnent  of
the monol I%\Qi‘xllow-gggegn&?% 'okﬁg@[}?ﬂé@ﬁﬁ %Qv@g.eaﬂ?égea%odéﬁcxhém wxger |.a
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treat t A t d . i 79 i ef
180 nut G AR L BBy TPl Hoa ey BE el bRELEIONH ycidie DL

nu s, W.th_di
45 1.c Pr dﬁﬂmliiéﬁleCW?lé’%‘ﬁe§HPP?ﬁb%a}bafs PR} 8855 stEel STiES 22
TWo st r2psirofErsPailABeéds stEdrrTEYhE TR &UPRPT NoPodLess88S Rkt g 150
Eun, wire glianeiten &pP6nded minhavrnicularppeonsebied PIx oOBEATPNERE T d on
top of oneranq! Rer sppagshaped to formw re nesh rings having a dianmeter of
3 mMmand a height 5 of 3 nm 45 g (approximately 77 m) of the wire nesh

rings were,n eagh qasg, 1Laaledoht SUECGRR] 8: 1 L) Uul pagshaley drcetone
and dlsggllayers J%rEo?rﬁgEéLJf’%iggégd éﬂ /g%nsmggéﬁaﬁ%&@%eﬂggﬂgéywﬂqéﬁﬂi
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 multilayer
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
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added t he reac uyion..19 was heated stepwise to 65C over a
period of p2e g%u?gfﬁh?"laeétset(}rﬁllghg angn ;‘ge m xture was stirred for 60 m nutes

at this tenperature. The nonolith was then ta en fr mth,ea{ ctrg} §9| ution
and rinse@efPER ABPEECANSTS G §RGaR! HSPHTNBETTT o SUpport i ng fhis
pr ocedwse th&hdatbeact iorpzafaredl Absanest §m§ewem|§ Eon’BY N AR he
washi ng selitthi aguaads t her fraldeadi anl coimmenendf ot (v as6rbi-Hied %%ﬂ"utl ons was
det er m nedo1ReReskt kONaAf cusIWmoy imelavarbabdeimal laadi omioyn tdeatmenslith
coul d be ¢al Lt?t“'o?ggﬁléwéfixiétﬁc%e sdahaas 2 nyh| oPEOMCT ia@Btohe tived Gattalryst s | CL

to 1 C12 according to the pres t A I 9.6 of
NarPO2 . If (5 R c’f"“lt*g%%“r? T§$ R T

hl or i
anmoni é%cﬂ“@ﬁ’i‘%ﬁ ess%g‘f%frrgq " SE K %%O'S“rclﬁ efoni ze wat ef_was fmade up in
2 1000 m ryliass thedREPSiGHATS &he| plaipumomgteal S0y #&GS NAZFHTIZ S0l ution
(1% st r engiur;f alvas edteancf hehealedtadil im SHRRCEnt RROAQTr doPEqVenBRRtd RGHiice
stirring, dhersobubic@Rumaset) heated $.ppth€,andr vasamptlier pedtatl t his

t enper at urg 57 KA K BEt &%= g asel vt i ok IRFBbAE b Gleansess anids|sah for

hung 115 thasKEaneien Sortd] ob FRAChbEE r“%.”ﬁgﬁl@‘smd%w Bed L s
further 63YALRRNEESISt 395¢ “I'Jnterl§5arceatt| on so u r?glp‘ln}@‘s‘lé ié)rl ess and
clear for mumes eherpef- THee MSTSLRL HA t\ﬁs’lt“ﬁéﬁ“t Sat aRd rihsed with

wat er . Nox esf iiatb lwa s adei @d heut fscoghehef sapfortt t@luﬁ%nd’yt Wed9BFocedur e.
React i on Sl did b 1and reashi fig Holoyt wvehgwer efstibs esurprty isoAbEaetvethd t he
pal | adi y content of the solution was 40 determ ned. Deposition of 99~ of

t he aval QRK: %g%% 8§ %ﬂ? q?%0|tégdgﬁﬂh%ugemgééﬁuhﬁk%@ Eﬁaﬁlﬁﬁﬁse

dat
cﬁl gl’l de afﬁ‘?jtal arﬂ (?'Pyaa gb ’éarnrﬁﬁfng LB |on5%§%0/lgsgeq§(ifli) mt of
sequentlg/as 41. 4
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mg of |ead¢déight, particularly preferably from 0.1 to .0% by weight,

45 on the total mass of the catalyst (support + catalytically active
coating).



-24 nitrate, dissolved in 100 m of water, and 24.12 g of an aqueous { S%P 72003
-NazPdC 4 solution (1~ strength, based on the palladium content) was added
~thereto while stirring, the mxture was heated to 65C and stirred at this
“temperature for a further 5 60 m nuteg. Subsequently, a nonolith produced

as described in |,b was.hung .into the soluti t hQo; g3 xt . was
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of NaHzPO2 . 1 HzO, 10 g of ethylene diam netetraacetic acid tetrasodi um
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Subsequentlayers woaAor¢qH rsdeder desamrdescfPhedf §5H I CheRRE2 Rt f 95t F°Fhe
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further 40fdyle@spabdd®@ byhe egpeeils pdakihg omrettednidiedlays arilass dod
clear for fhe whol €nSeid M rmibeoiDROHdRoWas praskildakeRohr yatdRT @@adt i on
m xture ﬁnéjx rler;)sed with water. No solid was detached fromthe support
during thi% yr?r oCedure. Reaction solution and washing sol ution were
subsequent |y conbi ned and the palladi um content, of the conbi ne]g]ﬁ&sggr{uti on
was det er e atRaFEEF t Plork 6f POBSA HfiW§Et1H™ aii/’aﬁafblfénga’i“?’é‘b"i‘ Yhe
nmonol i th coedtebeetaltid aveorkanPrdireddRyapidtcsg AeghpPdei ol Piowws g of
NaHZP02 . dond2Gr 211601 tofe ammmntabhs hsechlfori tee aaldct341lads ofe BRI
ammoni a3 604 Htd N nbB2%0 $édLNALBLr 8 n 6D MheObr dedoniizednvaber cambarade up in
a 1000 m %%q} %ttomed flask fitted with a Teflon blade stirrer.
SubsequentTy, 24.12 g of an aqueous Na2Pdd g sol ution (1% strength, based
on the palladiumcontent) was added 20 thereto ile stirring, the reaction
sol ution wastheated F8L1YEEANGaERI¥FRY T CRPSDY AdP8 ?groﬁg?nulrct her 60
m nut es. 4&ompaindshendi fer rideh hyingseprrsdexéde asy idsEiishedei RoFme it e
subsequept hyamdded che bthendreacii ohe sHdLitdwimgapde f dver ede aekBoRne fi KQWrtdianas
stirred fopeged it Rer 480 yHRULeS calbed cBrpondhes Nnenadt icnle aabthéon renai ned
colorless and clear for the whole tine. The wire mesh rings were then
separated fromthe reaction salution and_rinsed.with water,. id was
det ached f fbm the ?}E}Fglé’uﬂu’??%% tcrﬁr?gqe?‘bc%}?urcé)ﬁpﬁggé??oangerbtl l?'%\jli% %g%nd
washi ng sol ut i 6RAVES SGBEERENIAY CKSKDI hetl aHF38 RS péﬁ“a&? m cont ent of
t he comiabned solintiem wasfedetiniwiedinDeposithaon 36f mipieeghdyogght P t he
avai | abl e pal | agé upa 9t ibhet éhptgss ttael dnbehe adseehatietll§ r o ddvss aedatm. ih C6:
35 A solution Qfxe 1;9re25€glc@f oNaHZPQA eandq Hefa ;ﬁ%-f%erQi} @iﬁmrgdal@uﬁbbﬂ:i.de and
268 m of aqueous amonia solution (25% strength) in 1320 mM of deionized
water was made up in a 2000 m round-bottoned flask fitted with a Teflon
bl ade stirrer. 48.24 g of an aqueous NazPdCd 4 solution (1% strength, 40
based on the pall adiumcontent) was added thereto while stirring, the
reaction solution was heated to 75C and stirred at this tenperature for a
further 40 mnutes. 45 g of the wire nesh rings produced as described in

b . .



- 26 wre nesh rings were then separated fromthe reaction sol ution gnPSEP 2003
-rinsed with water. No solid was detached fromthe rings during thi

procedure. Reaction solution and washi ng sol uti on were subsequently
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or platrnumconte wer e added thereto whrl rri t he react

sol uti off via¥ Hedted o 72T wgﬁcﬁ gﬁa?sb % q%l? m° (r%ru? R o%’?;ﬁ.d
tenperature. 4BtGlypt acoqrding Wor éhﬁe%’FFsrqnﬁgénb?%'ﬂ{Rfe&“aQ B‘é%c‘?? ed inl.d
wer e subsequertippoatdbdving themaedbt Fomt bl Ui bn BrrFednRe tBAcPTOR Mt ur e
was stirred fatetalf sallhecod@éhtmatibesoatpldGnuiihee t&hctarpdesol uti on

remai ned col ordfsendRdtebgadbd @y thhe whode forinkNe. srdeWlageEsHN 4 i Ngs were
then sepgrat edeJt%m bhearepcidon sqluti a3 mmbr@sepommu\efabes gMNo g¥ol i d
was det ached fr t e suEthts durr R0 this gcg Eis I'}’]egagtarlggdg%utr on and

_yvashr ng sol uti on were stibsequent] conbr ne % ‘?Fg‘i i,um and_ pl atr num
contents were ‘H@toérlr‘rireneam’“‘i’ﬁ)l"’be CPi-BR O o? he HRACHE81 399Nt 1551 um
and 58% of thexkardi laBPegplati num on the supports coul d be cal cul ated from
these data. 1C9: 15 A solution of 9.6 g of NaH2P02 . 1 HZO 21.6 g of
anmmoni ugs c jord deiranérlidashr OfwiaGHhe QUadaMRI @agal yist ardo28¥met tengteh) in
660 nl of dei %FJS%Q\tV‘@BGEn{{\@én nede cURikNa AL %@ngonénwmmt pbesedoddask

R R S B o
sol ution was hetEdaRfrrat %t‘i”rﬁ boxf’% 81818.’%% upgo ur%rher 25

m nutes at thihe efdér selpeions Sglcé"f 2t el vﬁa\"’e bﬁe@ﬁ"‘?‘??fb% btyr G¥Bd as
descri bed in |techmgeesubsequientd ynpdddedcase thiyemisdey i orpledlinumonetdd t he
reaction 25 madd orasishi 6F el Stmum hetd heyomp28xnsalieomiwithCa The

reaction sol Utéc?ﬂ:tﬁ%’%ab@ego&%xﬁ”rlﬁ%%h@@ h S EYr LAbehbe W8 nki BBendhm Wi re

mesh rings were epar at ed rea t| on 59I u ocps and grkpsed. i th
water. No sol |Vi71‘31i/var %teacﬂe%ln romit Tﬁte‘lgﬁm JOr Jti pgocegure
Reacti on be from to 20% of the tota amount pre er ro

45 15%.



- 30 solution and washing sol ution were subsequently conbined and thg{ SE? 2003
- pal | adi um content of the conbi ned solution was determ ned. Deposition o
84.6% of the avail able palladiumon the supports could be cal culated from
“t'hese data. 35 I Cl0: 95 g of the w rle? mesh rings produced as described in

|.d were introduced into a cylindrical 2 1 v | V] it eating
mant el an&® ti® ctitt e&_nmﬁﬁﬁ‘br,géfﬂldcé S8 S per?pgalg%gég%;foqﬁ% 38 ghg 1 H20,
21.6 g of ampresaRtcHiNgEPEECTNE F2 ﬁFSB‘Y‘b’ﬁO‘-Z&ntQﬁu‘égﬁ%‘l nfa~sol ution
(25% st rengt hjissole@d rbmpéneteisobyzedinatare was naddeef thee coBREeXdMI i xt ur e
was heated t0,56G s 12 Q616v&f @hcequeatsoMazRiCthasotedqiiard ¥rsthengt h,

based op the | | adj u t n w24t €hd sol ution
(1% st rgngt h, Bg%%ler_l morrr’ﬁetggg g%“aat%e%%]ogu%%%ﬁt Akf% Se?ggggbtscec%%emlhyt dded
{hereto and i RESRGHA FGRNF Kt U \Xﬁgcﬁé‘é{’e MG 3L over A peri o 5840
ni nut es whi | ecese calf dthengot Welarp|Aft PAALadHE" £AUCSESE s ATIGH™ enai ned
col orl ess andchlo2fde;l @amofiba drte hghobhospimete Théewhreufesif ri ngs were then
separ at ed froppbhbenteach anns®lditicanigad fomsedoithonatteich Ne sokbdewas
det achgq from.thes&URRQt SodUnin@1Ehi Se PFQARY eroffeped iGN solutten and

washi ng sol ution &0 SE LY «800R! . pal i@ cont ent of
t he conbi ned 2§|‘ﬂmn"rwa1§g e%rguoe’mer t6 Q@é@@%r@n@omelm {adid

[ erm ned. Dng It o%i(r)lf EQO/{):I% tr@%e?\éai | abl e
pal | adi um on EABLLRHIY FOCCcBEFY HE ESHPRAF &t ¥ Tr°onrt Fese ddta. to I1Cll: A
sol uti on of 98nyeptudn NAHEPCZ .destapdliz®4i%. g of anmoni um chloride and 337
m of aqueous ammonia solution (25% strength) in 1663 nl of deionized water
vwas mde Yp)i A ausyhéNdidagake 2cdn trs3el dpeab eikenithh besd¢ntipiigntel and 15
ci reul alli on pypR.og50.818h 8R ARIGAEHIRAITEA Sehbian 4% siivend h
based on the i3 Padium C%”t entledare %%%eg &g%&eéa%ioﬁngft e NRARHA8
sol ution was FERPEHYH S8& Ve Period of m nutes whil'e maintarning
circul ati on. #681§ #pd tﬂ‘é‘svmt?epﬁa%%erilﬁ 505%%&%05?18%3%?4%& B'ReFld were
then added andngenthenydheni balhidduwn éPflad REMRUPHWEe70E SNE & Fcul ated for
a furtier 25 rimplibesd, Tie dgaéved «fdlegtt whenewsintd fos exdmRYEand clear for
the whol e ti MymmbAeumi ¢ ore8l anhdgsmeeria bhecomElpariagedgénts ishe reaction
sol ution and rj.Rsededi i akey/1 Nor sYdidmagpesiaahadel BoM édeisigpport s
during this 2% rocedure. Reaction solution and washing solution were
subsequent |y &70i ned and the pal | adi um content of the conbined sol ution
was determ ned. Deposition of 96% of the avail able pal| adjum.on the
suppor t35 daoulkdprbefenredcabediremathése AYeNtiRy | égﬁ?lﬁ%§ ot 2FRéVSire
mesh ringsqatadysegrasdesoed bed Heatiing twee erdanticsueedutint & &PPi ndri cal
2 1 vesselrdac@ybHedimidde pheat i g tentiepoaitdi@i v dlebatinonipumsfeantla
sol ution, fe/mirqu?»éu@a@txb@eamhgaecectotoom45@te@f ﬂg.plrgiaﬁlé\’ﬁl-de;(l)Q.loltblfQ
224.4 g o (M0 el L1 dEs 8P 90H 6 BRI B8 5 Qliuites . (25%
strength %ﬁ’%gﬁggé mcgpgg@éc‘ﬁg%ﬁ? gﬂégq;agy | 4t 190 (120 st rengk, based
on t he Palfisdiru Sorn‘tgaec%t " ﬁg%tGJSO o? el on%_lzeogll wgt er }A;/agucsiunbs%g§g@t |y
added. TheTeLEFi BATMHXUWNE 4D P e Relt s 10 B0C bver- & period of 120
mi nutes widse sadneanphargnai peelmtat iidn Profgorobs JF98volait? ofFiRes 3GHEEr ved
above a tesmematiar 20%f, pbetierSHQ 2A9A€ aid snostee pdefgrafely d@SEd APeYE ©Or
i ncr easi NGLd1RACkheNd s 1T cARd avasow i Herpalrbyueonfdetihebdepbeieich ofithhie ti me.
The aqugous, SOl GO, @5, R Nedh Gl arilced & r Rtk 1ed i ale skOEh ik es oitiina tleisne.
The wire ”Ensj} LeRAP By &, AGR PEDATALRT Sbf ATLAS &Rl LaNs sk i1
rinsed wi tH Wat'er. RB S et Tt adted 1 rom I & SURPALt She Wi g
this procedfth®e 2tREBEE BHRSGPOET Bh altd WASHIRE. 3ot Ut'ion wer &° subsequent | y
conbi ned amdktre PaI P LFALABHY PR TAT Y BEALPDt SoIfGFPEH WAS® darEr i ned.
Deposi ti oniofuf3% 60°¢ heradar diaky exmpalol 38PGm kawerh&h3npha t4LROGELdCPe
cal cul aj@de SRR utBESEr dat abodd lthidalccdtrally s sonittimimnedmpOEAtuRG2, ICL to

1 C12) wvere,fygated Woth;hydregentfOrmet NaAUkssappSOC anwbrélgherimessure

prior to tcegng!an %fit}xhghéjsr%a%q:gggrééleusfio%oor the reaction mixture and,
if necessary, the temperature of the reaction mixture is brought
to a different temperature suitable for the deposition.

45



1V. Testing of the use properties The properties of the catal ysts pl}t@EPe%mg
-were-tested in the direct synthesis of hydrogen peroxide from hydrogen an
15 oxygen (Exanples El1 to E14) and in the case of ICl1l also in the
" hydrogenation of acetophenone (Exanph¢ E15). For this purpose, the

catal ysts_ CCl and CC2 ich were n according,.to the pres I.nvention
( Conpar at 1% & %ﬁﬁﬁése&ﬁgﬁ%ﬁcﬁééeiwoﬁfﬁfé i%‘e arne,cti?ﬁggcggi‘fé%%s%l&m to
| C4 accorthgaastie pissert iswédt PBRTPEREATH| &8 ﬁdltt&OEStac%b‘%/di ng to the
present |heenirioprionedabee dmisede wéhhl oyembaratel Bagraducadt 8RR i tt ed
With stirgedn 4 Remsbatksncontg@duasd pi essuktetRidE emgeceeay. 56 bar as
react| 0p §858lhed Byl RbSaR> U QHoRYP, FofBlakpsy BPRAking wasLddimach case
i nstal | 2d"centered about ‘'t he stllrrer axi s So thai 1t was, gHpPp 4ed uniformy
with quu’i"%ltaoen.c?agﬁs SPyIERBT SO At PR 14N ES™ POt oxygei, hydr ogen and t he
reacti on FeMTANINGCENTEoARL BY FFHINE BBEHYM dPet ﬁ@d’aﬁl’t%‘clo_v&. R R rge
| i ne t hr osigbuldhiteh ctalve 1860 prbchafargasdnfiuce edted WyengdRantednt i nuously
was | ocat ggcd 1 theuppboe! aneol dshtabit ftisubier aebbngor e luslionesr fidre all
'Tﬂt er “%t Lééééﬂg?mi%u%t eehl Vﬁnd’LﬁﬁCbEOﬁlé@ﬂdﬁﬁ?m@E%%hiﬁdﬂ f“?s‘ﬁr‘;?mmb' e.

e reaction i um, e n PRIo-ef nhyesagal
bromi de aﬁdsi‘%%osoLipnﬁ%gEk%%%gaWifﬁh ?dEQ?S(féT%g g@t% ¥ Q‘ef’;%g flooded with
t he react f67™ n%cﬁcﬁrﬁ%n Ycr’8§:§1&|t.' ﬁbgﬁﬁu‘é%ﬁy,amtoﬁre‘ a%{op?] ave was ﬁeat ed and
t he react Peed mafianfingx Fgefihankr $ifditodBRENeY® ‘passed conti nuously through
t he reaction vessel at constant flow rates. The hydrogen content in the
out f | owsN@ngase WS diRiseblfi BRE Pyesthtnmeansnoforg tiheham|berondoenivie yoe
detector. ,ihe, Hi( OReRhsQbe Lot dilcquhd OlEQlatwes det@idnireedtyn
titrati one 108 e St LYb0. By d Qs PeL 5! 4 Wanp RSl QR ikhenhydr ogen
consumed A 't_”ﬁe t eactor. 45 For amples E6 10 E Sccordi g to the present
i nvent i ondUEERS \ERPIdd°8f OfhE"S AG8RCPT N CRutBE I BRPHBT it was
provided with a netal basket for accommobdating the catal ysts 30 IC5 to
| C10 (wior @haesdact ings Jtimehirsabaskdktfonadepastwivad of otk epIgtdnym pRkal
aut ocl aveonl 8hé tifetcantier subberbasiketgehadanl gyiiondsi cal 5@perinvgetor t he
shaft of theestidiPlsrcaP 10hab 6@ KesRest hne Fattdkyshr W rfRpkbed
uni form Y £ }nhlél idand 3t88s. The reaction nedi um enpl oyed was water
havi-ng a hyarogen rom de content of 121 ppm and a phosphoric acid content
of . 5000 ppm The reaction vessel was flooded with the reacti,on di um and
cl osed.25S53Bs BB PR PGES S 0o b EaPF et e ARV BRt W PESACHERTUMS By dFBgen and
. oxygen wasdlepasseihd manegtthiehe719 eattight , Threferoblict MeEs thiakt 88 s
cont i nuousky ghakemd gidrtdicutlhel pupcdeawdly i Borelhaneset i lmn wedgdikt i ohs and
resul ts ofinkhgl4€80ih Getane sYsaBsd 28€ hatdable shppdbr Thme paativim
tenperatute, Ty the d08al 15eachhasd iffentl 80dHdgethiPid Zuppoet whieh the
hydr ogeyy conversi on, an %Q%chgégq?e&u%grgélgere%%t RUL £ V&S CRAS AR are
i kewi se |nd|88fe it Tabl e 1. n Exanpl es_| 1% and, E14: ,IArq)gL Qlc -wal |
metal t ubéf8AEE of "hAATS _gh‘rilﬂ?e‘r‘%ealmdfggr@fﬁlcofr?f T2 and @ ?ength of
2.00. m wasluehip gekesi R it ationc 8f af s tPlarisum patal E64noF ABSETVRTe t ube
reactor charged 25 with the catal yst was connected to a circulation punp
for the gasidekicnal @Embdnenascoodhiptheatlangtioe caliemenSabsefirritd s t he
appar atits Jwsotbtl egh iddar sSokh | o ofeskiZédppre ofnthivdnegentdyartiede and
5000 pPm of; RNOFONGTLE: A heleB1WEhES R LEAELLE hdHidhUBbABMavAL| 05ed. The
reaction él um wa ass &tt hr ou hc tlhe appgrat us . %)r constant, flow rate
of _500 m AFPOFRET@RtT etqbel é’ﬁta \kﬁ}s’ms’g? 0 “A°préssire g gb% r %‘\t suppl y
of nitrog@dddsiagah FRRRANATE SNRFRLERARSENFARVEY sPIGaEeRrF it at1n (E13:
2500 st anceiddtiph; oEldhe 15idE80 0seAnekrrbnentsho widee FeRChyoRpEM 9Pt he gas
circul aid @anpdrpo Bdec - iid bageBoward hegaadcor cafitte rwabe seid egfu grivel y
replaced by . ;HLxtHE€a PfadpodieR oaNdadiyArQa8ne ¥k tihidhe that h@aofidda two
gases_bei g, 5614053, fy 41,9080 5001 P10 Blo 3%, aA. £ONN AL £3LE CBR O 44
st andard S‘F_’OEFP ul &t rPg gash s_%ra ched of f - fFom the gasbci rcu_Li.t dand
passed t()%ftﬂﬁérﬁﬁypﬁeﬁﬂﬁﬁﬂiqﬂetﬁddltlonal components can also be applie

in a separate second step to the catalysts of the present

45 invention, e.g. by vapor deposition, preferably as described in
EP-A-0 198 435, or by electroless or electrolytic deposition from
aqueous and nonagueous media. The application of additional



~ 40 detector to determ ne the hydrogen content of the waste gas. quﬁg@m
. rates of hydrogen and oxygen were regul ated by neans of mass flow neters.

During the reaction, the anmobunts of fresh gas and waste gas were

“ continually recorded. The reaction

" The hydr og@mPPREHE &
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_ : _ gium leaving the reactor was separated
fromthe 45 circul ati ngbgas in a separator and copveyed out _of the plant.

tee v tenet r B TG eREdt UHT E %304  sBpar at ed of f

was conti sepdtytermEcoodestely is peation! aylih akdvRTEagePUD vsn2Bhey &P 35 40
31 L OPHUHENIG.edOdh Qi GYrgatterr maffanme0@ba~sooieas of thdl acoive ~r N r

45
wnr

10

15

20

25

30

35

40

45

component. Moreover, deposition conditions different from the
conditions employed according to the present invention can be
chosen for the second step.

The catalysts obtained according to the present invention can
subsequently be activated at from 0 to 500°C, preferably from 10
to 350°C, and pressures of from atmospheric pressure to a gauge
pressure of 200 bar. Activation can be carried out, for example,
in the presence of water and/or hydrogen, preferably hydrogen, at
from 10 to 200°C, preferably from 30 to 150°C, and at atmospheric
pressure or from 1 to 150 bar, preferably from 10 to 100 bar and
particularly preferably from 30 to 70 bar. In general, activation
takes from 0.1 to 10 hours, preferably from 1 to 5 hours. In a
preferred embodiment of the process of the present invention,
activation of the catalyst is carried out in the presence of the
aqueous reaction medium described below for the synthesis of
hydrogen peroxide according to the present invention.

In a preferred embodiment of the process of the preéént
invention, the catalysts of the present invention are produced by
dissolving at least 0.1-30 g/l, preferably 0.15-3 g/l and
particularly preferably 0.15-0.5 g/1, of at least one platinum
metal complex, if desired from 0.01 to 5 g/l1, preferably from
0.01 to 0.5 g/1 and preferably from 0.01 to 0.05 g/l, of at least
one further element compound and, based on the platinum metal, at
least 20, preferably 50 and particularly preferably at least 100,
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 agqueous medium.

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

The invention also provides platinum metal catalysts comprising a
metallic support and a catalytically active coating applied
thereto, wherein the catalytically active coating on the support
surface comprises immobilized, discrete platinum metal particles
having a mean particle diameter of less than about 1 pm,
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.
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 nonuniform
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aluminum, silver, nickel, chromium, tungsten, titanium or a
mixture and/or alloy thereof. Such catalysts preferably have a
platinum metal content in the range from 0.01 to 50 g/kg of
support. The catalysts obtainable by this process preferably

10 display a selectivity of greater than 70%, in particular greater
than 80% and particularly preferably greater than 85%, in the
direct synthesis of hydrogen peroxide from the elements.

The catalysts of the present invention are eminently suitable for
15 the hydrogenation of organic and inorganic compounds, in
particular organic compounds such as olefins, e.g. ethylene,
| propylene, acetylene and butadiene, carbonyl compounds, e.g.
aldehydes and ketones, and aromatics such as benzene, and
particularly preferably for the hydrogenation of oxygen.
20 :
The present invention further provides a process for preparing
hydrogen peroxide in which a catalyst as described above in an
essentially aqueous solution is brought into contact with an
oxygen/hydrogen mixture having a mixing ratio in the range from
25 4:1 to 30:1.

The present invention likewise provides for the use of the

catalysts of the present invention for the synthesis of hydrogen

peroxide from the elements, both by the anthraguinone 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-A-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.

45 The reaction is generally carried out using a flooded reactor. As
reaction medium, preference is given to water and/or
C,-Csz-alkanols, in particular water and/or methanol. If water is
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used as reaction medium, up to 20% by weight of the alcohol,
pfeferably methanol, can be added thereto. If an alcoholic
reaction medium is used, it can contain up to 40% by weight,
preferanly up to 20% by weight and particularly preferably up to
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 pKa is preferably
less than that of acetic acid, in particular mineral acids such
as sulfuric acid, phosphoric acid or hydrochloric acid, are added
to the reaction medium. The acid concentration is generally at
least 10-4 mol/liter, preferably from 10-3 to 10-! mol/liter. In
addition, traces of bromide or chloride in concentrations of from
1 to 1000 ppm, preferably from 5 to 700 ppm and particularly
preferably from 50 to 600 ppm, are generally added. However, it
is also possible to use other stabilizers such as formaldehyde.

The reaction gas, which may comprise not only hydrogen and oxygen
but also inert gases such as nitrogen or noble gases, generally
has an 0O3:H; ratio in the range from 2:1 to 1000:1. Preference is
given to molar ratios in the range from 5:1 to 100:1, in
particular from 4:1 to 60:1 and particularly preferably from 20:1
to 50:1. The oxygen used in the reaction gas can also be mixed
into the reaction gas in the form of air.

In a preferred embodiment, the reaction gas is circulated. In
this case, the molar ratio in the fresh gas mixture is close to
the stoichiometric ratio, preferably in the range from 1.5:1 to
0.5:1. The molar ratio of 0;:H; in the circulating gas should be
in the rahge from 5:1 to 1000:1, preferably in the range from
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 80 bar. The reaction temperature can be in
the range from 0 to 60°C, preferably in the range from 5 to 60°C
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.

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
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.
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Here, hydrogen can be fed into the reactor via one or more
intermediate feed points downstream of the feed point for oxygen
or air. The empty tube velocity of reaction gas and reaction
medium is in the range from 50 to 1000 m/h, preferably in the
range from 150 to 300 m/h.

The process described enables hydrogen peroxide solutions having
hydrogen [lacuna] contents above 2% by weight, preferably in the
range'from 3 to 25% by weight, to be prepared. The concentration
can be preselected in the desired manner by adjustment of the
material flows. The selectivity of hydrogen peroxide formation

is, for example, above 65%, preferably = 70%. Long-term tests have
shown that there is no decrease, or only a slight decrease, in
the catalyst activity and selectivity even after an operating
time of more than 40 days.

The present invention is illustrated by the following examples,
without being restricted thereby.

Examples
I. Production of catalyst supports
I.a Production of monoliths from woven stainless steel mesh

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

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

times with distilled water.

I.c Production of wire mesh rings of woven stainless steel mesh
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‘Hb 33 Exanple E15: For Exanple E15 according to the present

i nvention, the above-described 300 nl autoclave provided with a netal

" basket 5 fastened to the Iid of the aztztoclave as used in Exanple E6 to

El2, was errpl 0 ed 61_8?%{1%6 rese?g %X?a%%f gegge(r@g la@aﬁgetl vga}@gusg,gsgor

accommdat I ng

t he basket had’P&néym hel? i el wdﬁ@n??’@“eft@rr an‘F‘Ig?%Je srﬁlEPS?nggnE ﬁ;t
the 10 catal yst7 wad suppéiedlacefiopri somioth opg gatethaid 2gdsshaped &%t ocl ave

was charged WAm2@@ral médn Gyingehruangy andi8mgtef @tcet ophemdree hedlgbgsed and
freed of; air Ry pr ﬁxﬁ\suﬁbzéln%ﬁptro&%gﬁ 750Q1 hap r W wilkbr gD .x iHhe

S AR SR sy Wb esme 1

n e ace nsuned, the
m xture was staicrelté’&ef apd A ¥siriiner B %ﬁ‘[é‘é’ ﬁﬁ‘t AIMS Fgg‘rﬁera dres A total
of 1.59 I|terssxthselcnadnpgxe_rﬁmmde consurred. Anal ysis of the resulting product
by gas chromat ography indi cated conpl ete conversion of the 20 acetophenone

N;)4‘(°)8rlgiol Ip%erbﬁeeck@%@ﬁlené8&%1—.1@1%@&%&#&&@@9 (1999 . _ 25 30 35 40 45

The wire mesh rings produced as described under I.c were

treated with concentrated hydrochloric acid (37% strength) at

60°C for 60 minutes and subsequently rinsed a number of times
15 with distilled water.

| The results of the use testing of the catalysts CCl, CC2 and
IC1 to IC12 in the direct synthesis of hydrogen peroxide are
summarized in Table 1.
20
II. Production of the catalysts CCl and CC2 which are not
according to the present invention -

CCl:

25 In a 2000 ml glass beaker, 1500 ml of deionized water were
heated to 70°C and admixed with an aqueous solution of
Na,PdCl,; (40 g; 1% strength solution, based on the palladium
content). Subsequently, a monolith produced as described
under I.b was hung into the glass beaker. While stirring,

30 20 g of a 0.83% strength aqueous solution of NaH,PO; was
subsequently added and the reaction mixture was heated to
80-88°C. The reaction mixture became turbid and acquired a
dark color. The reaction mixture was stirred for a further
90 minutes at this temperature. During this time, the

35  solution decolorized and became clear again. The monolith,
which had become dark gray, was then taken from the reaction
mixture and rinsed with water, which resulted in a fine black
solid becoming detached. To determine the amount of palladium
metal deposited, the washing liguid was combined with the

40 solid and the reaction mixture, the insoluble constituents
were brought into solution using aqua regia and the palladium
content of the resulting solution was subsequently
determined. Deposition of 44% of the available palladium on
the monolith could be calculated from these data.

45
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precedi ng cl ataspenweies n Tsemeprbtx Vs thE™ pFaksthanPRetSf t2Conpl ex
formati on 35 eohstamt afd zihBe6. with Avafrescels s@lid ypfedetarhaf) O™ he
precedi ng cl aicke, suppset lurtihg phas i pronedetral. Tonpreiasedof ropd 80iaro wBG0a by
vei ght 16f pal l.adiuguanth § rmsinka @00 hereghindfscphatibnuandretie i di um a_0
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of at |east oREPPErEHR? %ﬁegp@%{% 8gmc%%nr?é'a§)%a,bh%a§%§'ad§ It“h((r)a’q)p ati num metal ,
at |east 20 45osgdivhl epnld b 52d6hpRESd HFHgERES A3 8r | east 10- 100
35 equival ents of a reducing agent are dissolved in an aqueous nedium 9. A
proces @S 1¢l. dirdRdct DoRnyf afhe ketpleseslig ¢hal®d] acowpdisgnte athd east one
of the foll OWﬂ}Qs@'ﬁesyﬁ@&itﬁo}) heati ng the aqueous nediumto the reaction
tenperature over a period of |ess than about 120 mnutes &nd in the
- presence of the netallic support; (2) heating the aqueous nmediumin the
absence of th itallic sutpiort; ﬁ% i ncreasj n}% thg p% ati r%ugmmrrg;ulmi on
concentrati on 4 FRELaRuebUS rddPant e B2 EBove’ tH8 1 2hel %8st SRRrY For smoot h
coatingag (4) <ddirigeaapdatihuh et aRUSREd 8P D 1HEtdqBeb82® medi um  (5)
-dest abi | i zi ng d¢thenglcayi huns et ofodpliexidpd wederiwag madecwncemtd ati on of
conpl exi ng agenfod mit headsuaise rmedibsequint(l§) destalki bifzhagesbe pl ati num
netal conpl ex by Hspgl €asi g shhe1§oncaMftat | BRs&f ohedHei g agaiim 10. The

use of a catalyst. obtai nabl 0Ges% Qi aMnPf hkakBBudid® wud or the
synt hesis of h ocf‘rtéad‘te%ﬁ Bg?o%?%egyfttrhg%egée ej emegﬁs a:ng(c)f for EhgupS/Idrébgenati on
of orgaﬁ?c co to 759C and was stirred at Is temperatur

minutes. The solution 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 subsequently
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 aqueous 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)
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Yl s10%4| & () - Eftrégg@ﬂx y&l(n) sBFLO Y8 &dilonized water was made up in a
, 1000 ml round-bottomed flask fitted with a Teflon blade

stirrer. Subsequently, 24.12 g of an aqueous NazPdCly solution
(1% strength, based on the palladium content) was added

20 thereto while stirring, the reaction solution was heated to
759C and stirred at this temperature for a further 60
minutes. 45 g of the wire mesh rings produced as described in
I.d were subsequently added to the reaction solution and the
reaction mixture was stirred for a further 180 minutes at

25 75°C. The reaction solution 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 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.

I1C6:
35 A solution of 19.2 g of NaH,PO; . 1 Hy0, 43.2 g of ammonium
chloride and 268 ml of agueous 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
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10 A first solution of 8.64 g of NaH;PO; . 1 Hy0, 19.4 g of
ammonium chloride, 121 ml of agueous ammonia solution (25%
strength) and 19.5 g of an aqueous Nap;PdCl, solution (1%
strength, based on the palladium content) in 594 ml of
deionized water was made up in a 1000 ml round-bottomed
15 flask fitted with a Teflon blade stirrer. A second solution
comprising 1.224 g of NaH;PO; . 1 H;0, dissolved in 80 ml of
| water, and 4.62 g of an aqueous NapPdCly solution (1%
strength, based on the palladium content) was made up in a
100 ml round-bottomed flask. The second solution was allowed
20 to stand until it began to change color to brown and
immediately after the commencement of the color change to
brown was added dropwise to the first solution over a period
of 5 minutes. The reaction mixture obtained was subseqguently
heated to 40-45°C while stirring. After 20 minutes at this
25 temperature, 45 g of the wire mesh 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 aqua regia and the palladium content of

s
the resulting sclution was determined. Deposition cf more

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

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 aqueous 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 Nap;PdClg solution and 0.24 g of
an aqueous 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
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ICY:

15 A solution of 9.6 g of NaH;PO; . 1 Hy0, 21.6 g of ammonium
chloride and 134 ml of aqueous ammonia solution (25%
strength) in 660 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 agueous Naj;PdCl, solution (1% strength,

20 based on the palladium content) were added thereto, the
solution was heated while stirring to 75°C and was stirred
for a further 25 minutes at this temperature. 45 g of the
wire mesh rings produced as described in I.c were
subsequently added to the reaction solution and the reaction

25 mixture was stirred for a further 120 minutes at 75°C. The
reaction solution 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 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 IC10:
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,PO; . 1 Hy0, 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 Nap;PdCl; solution (1% strength,
based on the palladium content) and 0.12 g of an agueous
H,PtCly 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 aqueous solution remained colorless and
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cylindrical 2 1 vessel provided with heating mantel and

15 circulation pump. 250.6 g of an aqueous Na;PdCly solution (1%
strength, based on the palladium content) were added thereto,
and the reaction solution was heated to 58°C over a period of
25 minutes while maintaining circulation. 468 g of the wire
mesh rings produced as described in I.d were then added and

20 the reaction mixture was heated to 70°C and circulated for a
further 25 minutes. The agueous solution 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 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
IC1l2:
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 solution, which

35 had been heated to 45°C, of 99.7 g of NaH;PO,. 1 H,O, 224.4 g
of ammonium chloride, 337 ml of an aqueous ammonia solution
(25% strength) and 250.6 g of an aqueous Na;PdCl,; 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 agueous solution

45 ' remained colcrless 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
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All the catalysts obtained {CCl, CC2, ICl to ICl2) were
treated with hydrogen for 3 hours at 65°C and 50 bar pressure
prior to testing of the use properties.
10
IV. Testing of the use properties

The properties of the catalysts obtained were tested in the
direct synthesis of hydrogen peroxide from hydrogen and

15 oxygen (Examples El to El4) and in the case of ICll also in
the hydrogenation of acetophenone (Example E1l53).

For this purpose, the catalysts CCl and CC2 which were not
according to the present invention (Comparative Examples CEl
20 and CE2 in Table 1) and the catalysts ICl to IC4 according to
the present invention (Examples El to E5 according to the
present invention in Table 1) were employed in a 300 ml
autoclave fitted with stirrer, thermostatic control and
pressure maintenance at 50 bar as reaction vessel. In this
25 autoclave, a catalyst monolith was in each case installed
centered about the stirrer 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 volumes 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;0; content of
the liguid output was determined by titration. The
selectivity to hydrogen peroxide was based on the hydrogen
consumed in the reactor.

45 For Examples E6 to El2 according to the present invention,
use was made of the above-described autoclave but it was
provided with a metal basket for accommodating the catalysts
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t was conhstant are

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 (E13: IC1l; 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; E14: 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 out of the plant.
The hydrogen percoxide content in the reaction medium
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metal complex, at least one reducing agent and at least one
complexing agent and has a pH of 7 to 14 is brought into

10 contact with the metallic support to deposit the platinum
metal, wherein the deposition of the platinum metal occurs in
the form of discrete, immobilized particles from essentially
homogeneous aqueous solution.

15 2. A process as claimed in claim 2, wherein from about 1 to 1000
equivalents of complexing agent, based on the platinum metal,
are present in the solution. :

3. A process as claimed in either of the preceding claims,
20 wherein 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.

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
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equivalents of a reducing agent are dissolved in an aqueous
medium.

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

(1) heating the agueous 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
aqueous medium to above the level customary for smooth

coatings;

(4) adding a platinum metal seed sol to the aqueous
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 of 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 a pressure in 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.



