0050/ 51792 gobpy8ugphon of plati num retal catalysts by el ectroless _
‘deposition, and the use thereof for diréct synthesis of hydrogen peroxide
5 The present invention relates to a process for produci ’mmmmﬂlmjmwmﬁ by
£l ectrol ess deposition of at |east one platinum netal o

nonnmetal | ic support, to the catalysts obtainable by this preegss, to the
use of the catalysts for the synthesis of hydrogen peroxide fromthe

el ement s an8Breduction of biaibkisywenactah eftalystgaby celerdrolgssideposipoomnds
and to a prenéstshe fuse phepsoi rfprhytregensypenerisonngdaopenonaoxiae
catalytic reduction using these catalysts. Catalysts conprising platinum

Tetal s asscahal Wddeall Yol i r19a2UbURNC AL UaGTok Bty for s and

have great 1In trial 1 nportance .g. 1n re 0 .ogenati on of
or ganigc coﬁ%g stsak’éf gge?‘?feo‘c?g?a%g‘?%tﬂﬁf’i PE 2% iLhrﬁ?saf RIEE Bs from

i ndustry anfiehdt A" FeRPEPROUS GOpRR e hiifs BUPRPT apid ¢hei epkalysds i s made
wher e possi bbeaifablsupporhinl progesaumarethel usatof yies cabaltystmferonhy smal |
amount s  of syfiehewdpensi Kedirurfene peebRlde Froustné | ¢l cuhakyhh@addry theactive

ox e | si) Y4 eri@UbATef ARGAnEY! (RFDrdeRly Confbounds B P U BEBIRS o0
oxi de, sili . ce : :

of the cat a?gpi%ﬁqglggttﬁ’eﬂor%g?\ apgxt' o{%euc?ﬁgp%r%%’s&'ssup85r‘f%tai1i§'%&§ual ly
carried out r%‘é/“qtrfﬁr“e{jﬁé?‘i’oﬁe@fe FAES{orts with solutions of salts or
organonetal | i c conpounds of the catalytically active netal and subsequent

i Mmobi | i zat favalystsprenppisiad phat hyde alersils, anaesttallyeataklyt ,acedlei nati on
and/ or 3Qs5astbaairices. abP-#sdd 3ASmaRP HAFE bheshaveigreassitdisypriaduci ng
support ed nohbsrtaiRed! el alyhe 9&&0&%809%&&9%&&99%1&%ﬁé::ﬁéﬁ% rol ess

ition firo ous L.yt L'ons “usi_.ng_re agents
gﬁgoflntt(r)\e 8{’%@5&&4@% gﬁ&cor§ ﬁhgx?%gg &n ?ﬁgblg}%\é%fnl?% S JA5CBe r?‘?\g use
of a coll oi 8’& USERY ﬁaijdﬁ?tr%olvﬁf‘ilgﬁe onpri sing at | east one reducing agent
and at | east one protective colloid and al so at | east one noble netal or
nobl e 402@efat guiwstuhnal fapplticetpord ; eetengnt made aiheekr pesd iblenofconduct i ve
substrate ssupgaaedbpiatnimhaytal ecaliaishszeridy HRANSND§ shalTEhAbhhdd NI
sol ution. The dRPRbbhOWOnddhel RES11LRG QE@QiW@at@%@ic%ﬁf iRQBPROUS
nonnmetal | i cgg rh@kér{'ﬁfs %ggggg .arééu%pgg ree tNLs docu ogt provi des
o teachi ngg, Ledar L 0g,ENe A3 B Odeld o1 L et al Vs, "M AT, 0050, 51702
25 The application of the catalytically active metals to such porous
supports is usually carried out by impregnation of the supports
with solutions of salts or organometallic compounds of the
catalytically active metal and subsequent immobilization by
precipitation, hydrolysis, heat treatment, calcination and/or
30 activation.

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

metal catalysts on porous oxidic supports by electroless

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

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

40 metal compound for the pretreatment of electrically nonconductive
substrate surfaces before they are metallized by means of a
metallizing solution. The deposition of at least one platinum
metal on a nonporous nonmetallic support is not described.
Furthermore, this document provides no teachings regarding the

45 production of catalysts.
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2 US 5,082p046/8a290%i bes a process for the direct synthesis of hydrogen
per oxi de which uses a catal yst conprising at |east one netal of transition
group VII1 on a hydrophobic support. Hydrophobic support nmaterials used
are, inter alia, 5 styrene- divinylbenz ne copol yners, honopol yners and

copol yners of | ene .and opylene hydr ophobi ¢j zed silicon di oxide,
pol yt et r af | HérBe‘E%{%\ﬁﬁéﬁedG?? Sn &t BEOSERHoFakBe (ARG RENEPEHES Ofheen

hydr ophobi chy@8sodgsn Pesakigatwhiichhugesia aatadysti eomgdigdngnat lepse one
hydr ophobi cmetipbarft tirassat e faroepaVeRl afn at hiyessphdiicnBhppod.
WO- A- 99/ 3239%&@@%@%@@5@%&&&915tmddlageptl&ee}t heshs of hydrogen

per oxi de, y"'?’ &{d@mﬁwééézt% %ups%éréﬁa\sbmg?é é%TanaU%Ag%q‘;g@&saéf of

pr ef er abl

Support mat erl%]re an gr%é? reenQIS g%otobus‘?lﬁ?jan% c§“sﬂ&ﬂx’a% | ass, quartz
and or gani cPRYY °’A§e tf ROLIGEGEL FRFPYT andecaben yeyish h has
reference i been rimqrophahecﬁﬁq ﬂPé' treatrant with £FiAa@es38 238 Al8oFes88, 531
and J. R Kosakhydropawbhovaipdoartetabesl saatfabysaréoroft he Heasctsocarpgnati on
of H2 andg02 to H202", Chem Ind. (Dekker), 1995, Volune 62, 20 Catal ysis

of Qroani ¢ fgag g@/}%gglo&gy&rrbegoge Pécéé%efB?f%eerHi‘%%ctc%éx?ﬂ}f%%cr%ﬁestghe

producti on cat al %S}rs on nonne CCQr

t he wor Ki ngg&’é‘?ﬁﬁr’e ox ’A igo 2‘3 8cafe? JEES) s“ip§°g?‘8dﬁ%‘é’d‘9o§'°w B

i npr egnat i n§UT AR Sreast ofl Rpefesahby| lef% khpal amﬁ B chl ?f geagher 25

hexachl or opvatumgs @rgcedidnt debsegdendupporsduateryidlise prepasedd re neans of

hydr ogen 18t n3ffi3ousn nbhe sallis @guRnas pyepar, aghant Hfandhvdgagen pmw&rgle usi ng

this catal yak idyddae gas ﬁlﬁﬁ&tl@ﬁ'&f tene n:%aeiyswwr%@afsnéé & )éhﬁ

about 50/ | n¥ad @ $8CH: SV Sy o!ftmssmnae 1583, s 33 Qf req.é “t'on
rlgétb

to provide n nrre i num

0C al-
netal cat al 885)%" %Eé’ggnf’?‘é@l é‘Sﬁp&e‘k 3§Ft fiﬁé Pt i num
netal and/ Bf BpdddalhdSq HaO0ovt tcll?émnoyl“b rﬁ?@&?‘%br tW@%oHﬁé‘@‘Bﬁ 162¢  support
shoul d prRef Eabdlysilse ofnGrganid Reaht tonw.odieweveBS rfamet hér thr esefelrencas al yst s
shoul d havecatéd gleseatibeytile aebiuttion afdcachBpdtisviohy nbimdbginggenat i ons,

particul arl Eoi:é‘-itﬂé% dupssits smetzbgéinsg afo %%szémrnghmaﬂgf& gnd oxygen. The

tal yst I t, 40 W h
RGN LIS T RS T e e TR
O

|
conpri si ng 3PPYEH: agSﬂeg ?%ﬁ |wr?8 metal lic support,
whi ch coﬁgr P%é%crf]ﬂr?PF?th%’tq \?&ﬂpngndt%%ﬁﬁﬁﬁﬂy dﬁf‘d’uFFléﬂ edetailashy y
deposi ti ng mearxft hydvogen ati AAATGetTal tbe sitksegweptr pregrmitibasobeen
pretreated hpdtdgen pbromide kainghehsd ecithadlyes sinlaes ghs Ophasty) @gUEOUS

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

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

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

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

45 way. For the electroless deposition, an aqueous medium comprising
at least one compound or one complex of a platinum metal and at
least one reducing agent is brought into contact with the

M/41404



at | east ongosopseyeg or one conplex of a platinumnetal and at |east one
reduci ng agent is brought into contact with the M 41404 0050/51792 3
support. In contrast to the catal ysts known fromthe prior art, the

catal ysts produced according to the prgsent invention have excellent
catal yst properties. In addition, essentiall é uantitative deposition of

the plati nuP¥RRAA- FPofPHESSo At FiR BN Sh Ted&AM Whe R59TNEFY, good
adhesi on of theearadyEhe nerafeicgdsaceerxHadnsapbhe Brasenteinyéntdoouppeet s used
s al so acéxeaildentThatalydte prapeatyies. doatddiysiqr,oessent bclclor ding to the
present invgidntdnakave degdsihishrasi e pastsh@nGRQIERrdNdale sSEUEEN
mechani cab &4f G%° acfite Pit HIstir ol 06 L BIRITP Bon! Jafldl oh0o3Y LAOGR S 10l 1Y AT 0gEn
per oxi de. Ilge‘?a neral,, no mec Enica ({[etlgc nment |§:o served even after

prol onged oPEFRLT §8. “HRSPIPSECHE PRUBHAIGAC pF REUEE 45PBY kT %Por produci ng
a catal yst 2¢hhifviedsi AEust Yheasetahetin sophitdFrattadusrdaaernyssnguse the
nonnet al | i ceraendyppventiathiheecanpidls@brapion nkedistedce rengghanidag t he
‘surface of séeersuppohénidyl atirewaf iay ddearsyppmr texawpleh imychzave been

r OUgPenegooﬂyﬁﬂ}%si§005Uﬂi cﬁ%enbﬁfefé:@:\?:fe'.nﬁw fenaraqr,ehabﬁ\ycm&ﬂ&_ag r edutCI lng t
agent an | e epositing at |eas
one plati nu%%hgweggnf? heﬂegggg]ogféﬁhaffc?%}hgsgg%%dt rgéla%(%‘gl%s' described in
step b), by 25 bringing an aqueous nedi um conprising at | east one conpound
or one conpFi& RFEesgnp| HYSNIHCRePEPVIRF At PFReRYs dod PEARRGIHY 2agewrlyst o
cont act wi t¢ongrdisgongpatrtleastdody platiesinr netahoin wanpngordus nahméysllic

obt ai ned1snswipErtG) whdéh Arepirdsag to the present invention, a nonporous
support is used for producing the catalyst. For the purposes of the

present | NyEnt{ PuesdAANPASRURAIHEPENL dutr-3UPPUile URKLOG. @ Mercury (Ho)

porosymetry’ pore volune o g, pre ably 35 not nore
than 0.1 m /g and nore preerably not nore than 0.05 m/g. The ratio of
pore vol unePl o FHGHALEBE LHRE FUPPREL  SHIPISEr MayoRadR &eeni sopghanadaphythmt
nmore t haR02% nerxfageef by apteatingt ihprprefleznbly 504thi@ Théusippegest usetl
accordi ng to the galesendt aipherinnanm@eLl,erably have a BET surface area of
not nore than 5 n2/g, in particular not nore than 0.2 n2/g. The

nonmet al | 1 Cq |18l &1d Al 48601 ACHBROE Ao | ALELET AR %1384 Rt Sk ca1S oY L aMONG
m neral materials opI asflcs and m xtures and_ conbrnations er eof .
support which has been treated as described in step b), by
25 bringing an agueous medium comprising at least one compound
or one complex of a platinum metal and at least one reducing
agent into contact with the support, and

d) if desired, activating the catalyst obtained in step c).

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

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

40 The supports used according to the present invention preferably
have a BET surface area of not more than 5 m?/g, in particular not
more than 0.2 m2/qg.

The nonmetallic material used as support is preferably selected

45 from among mineral materials, plastics and mixtures and
combinations thereof.
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M 41404 005@0Bb/$4742 For the purpos€e€s of the present invention, the
expression "mneral material" enconpassés quite generally nonnetallic

i norganic materials such as natural and synthetic mnerals, glasses,
ceramcs, etc. Preference is given to L‘i%si ng a glass as 5 mneral material.
Preference i s given to gl asses made of fused silicon dioxide or fused
quartz and 59535%% RUPegesnch ¥g PrRgeat inventdqpestheyerRrepeiemrth net al
silicates, 0Biperal awteriall eraeswakpeatquihed geparakly incametaFuird her
preferred minergénicsupperiab@mtearcdhaks aseuddr ahd, sphitsiat aingesrynat e,

chal cogeni dg18sé¢id dedlaingles Pl xssePreefendd a%S giRee & vhehy! Aiginds Weride.
Mneral mafgihets) sehechad. [SUBAMRBY £ ANG BB SLIMGS Rbfie P Gustl® o r d
as supports.. u&ct)rgbdie cs(ream c..mater| alg can g gr Shg{:e 4 Lrom mé,a oxi des,
bori des, ni tFLUES andrdrecat bR AL 2 et ighidd2 18 FhasedaPl A58 alebRYi ng
to the pres&rtiFHiRSTt Pdhalipe rarghapetpl ovildfgtasedorosydiantene or

partial |y ceysménddiddcate amd lpadcesiicatfe .t Furphes aefiemvedtmieralr ef er ence
i's given tosupport certeniats dmsedrabe Al posphate)i germadiake ¢ OPhLRIIYedede

silicon nigt khdehal Zie ¢S dic0X.08108s andHeX byl sefmri%&f c1heider preferred
20 cerami cs are ones containing cations, for exanple chelatite, steatite,

cordierite, anortﬂi t% r.mbjl [ te]tor QOHUCi te. Ceramc conposite materials
are also prEf8rTau MeACESPUF PG A tE PhAMORPeFRTIUSE BREGHT #htareadppast i c
support is PPSI@LLRf ia§ ERRPYFSceSYibrbinCoppmiemataniadsi oan brherodppedt s
used accor dfngmtnetaie opidesntbdnident i nitmidesenat/gr cagbpdése Tite kceashi®ne
natural as sydéhidlisc upelyasesoiimgt eoithe pIRsEX8MMIRMtAbnSHEh bERI@RLA4S are:
16| Pol ggeisﬁea uxﬂ@imde,L bg,‘:s@erm@hbog@f;ser&iaflqy @%ﬁ@lﬁiﬁ%?l YRR peBEess
polyi sobuty eht ionPObYe £ Yisla Y1 SR

pol ybut adi e : &egﬁj eafsﬁgéﬁ;%{sgi(?f‘%{%%g Fsf?ﬁ%%sﬁghu%tgn%yc&rgpéﬁ?ene or

e, _an .

nor bor nene; QSF%‘% Doy EPRPTR ki Eh ﬁé‘rg?§‘§slﬁ’1}l%€8no?ltﬁfr?€r'ossl i nked),
e.g. high dEmEFRRIYLIGEERIE e 3 MBPEYLe HihgHeofenByrtheopyefentasne havi ng a
hi gh nol @8ukarameisylare( PDRE-ddWipinhnghcatdosist y ool epeinp) b eclee Tetiiteg an

ul tra- hi gh sdBatidescubadisright aabbbiddIMihl 106 stmpdensetve PPerahhy! ene

( MDPE) , |0Wc9ﬁ%§é._itt)é rak¥eiid ene GLEPBrederpegr | ow density polyethylene
(LLDPE), branched | ow density polyethyl ene(HP-LDPE). 45 M 41404 0050/ 51792
According to a further preferred embodiment, a plastic support is
25 used in the process of the present invention.

The supports used according to the present invention preferably
comprise at least one natural or synthetic polymeric material.

30 Examples of such materials are:

1. Polymers of monoolefins and diolefins, for example
polypropylene, polyisobutylene, poly-l-butene,
poly-4-methyl-l-pentene, polyisoprene or polybutadiene, and

35 also polymers of cycloolefins such as cyclopentene or

' norbornene; also polyethylene (which may be crosslinked or
uncrosslinked), e.g. high density polyethylene (HDPE), high
density polyethylene having a high molecular weight
(HDPE-HMW), high density polyethylene having an ultra-high

40 molecular weight (HDPE-UHMW), medium density polyethylene
(MDPE), low density polyethylene (LDPE), linear low density
polyethylene (LLDPE), branched low density
polyethylene (HP-LDPE) .,

45
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5 2. M xtur mers listed under 1., e.g. mxtures of polypropyl ene
with polyi sgt?étdg{sgr??,zypol ypropyl ene with polyethylene (e.g. PP/ HDPE,

PP/ LDPE) and mi xtures of various types of polyethylene (e.g. LDPE/ HDPE). 5
3. Copolyners of nonool efins and diolefjns wth one another or wth other
vi nyl nononers et hyl ene- propyl en copol yners, and m xtures thereof
with other pol yﬂé?‘gur%"" P PROYYerE destedourderpd|.yypngt drbrtaressofe. g.

pol ystyrene, poPplpprepyhenet yitheyolyisobytnleret,hpodyprepyleneSwithpol yners
of polyvinyl ar opalyeshyletle 8.5t yrrmdrar Bb/EoEMt Ryl Shik TR sWoE vl R1as or

acrylic derlvatLt 8s &F Dolysthyedifs Q. adi £98k/pknene-acrylonitrile,
styrene-algk rrgtshsacrylgbgtg %’yreng bgt adi ene- al kyI acryl ate and

met hacr Iat repe-mal ei_c_an rene-acrylonitrile-nmnethyl

acryl atg hi gh | g’f’“‘?’ﬁ‘%(?ﬁr @8“‘?%“04““& 9?‘&%‘%5&@%1‘%“ a%¢ anethry or

pol yner, aviph| gthary VApgl monfMess  pot gmAthylena-propylene

et hyl ene- propyl enpotlyrays, Redpolixteres asheredfswibhookheopallyners, af. &t yrene,
e.g. styrene-bpbagamritesst yrene, styrene-isoprene-styrene,

styrene- gighyl ene/ but yl ene-styrene or 25 styrene-ethyl ene/ propyl ene-styrene.

6. Gaft copol td ¢S syph.as styren | st yrene,
e.g. styrene o%%i OJJZ[l i%gg,igga neggnys’td'orleﬁﬁutgﬁf% “@?9%?1@}/ X
pol ybut adi ene- aBBSyjyg e P’ES‘SUT 0I ymers, styrene and acrylonitrile (or

nmet hacrylonitrile) on polybutadi ene; styrene, acrylonitrile and mnet hyl

met hacr yl at & .onCppdlymeradioénpolwtinydaeonstiomisech ashyrdiresie opn o

pol ybut adisene; gLyé€fALstIeeHb G EH Idllenaadomc%yqlén&wldlwa%vegr 41} ei m de on
pol ybutadiene; sLyr&ie RRaTBAE] BefeRl SN @qx?yifg' eéls,rﬁguéig{‘el and al kyl

acrylates or al k rreth grylLate g E /T
acrylonitrile ofC R ene’p?o’be} ng’ g?% eé“et ?53 y‘lf‘r%’fyg &t $P2ne and
W@& FiAeae

acrylonitrile off® Haye aft %{’Fég‘aa)?l‘ﬁ)cﬁ E¥fe. net hacryl ates, styrene
and acryl oni t ri PEYSRPU@CAYLGP Bl leamgheheaaxypekg ek sgh-dmpaat Ui Kthueries
m xtures 2@ th obpstyremes copolyneved auddanother aslgmer kKrayn, af or exanpl e, as

ABS, MBS, ASA opoPN=ryyQlayders.dieneHpb0gRer Gankai at &@-EBB l&%l@ﬁe

| ychl e e .
Egpgryngog; en?ggﬁfgﬁégﬁgﬁjﬂlﬁz%f %%%oquh‘reg%)ber%(} F\oh ngé ‘ed or

ne, sty ene-isoprene-styrene,
styrene-ethylene/butylene-styrene or
25 styrene-ethylene/propylene-styrene.

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

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

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

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

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

M/41404



chl orosul fopake¢sa9bget hyl ene, copol yners of ethylene and M 41404

0050/ 51792 6 chlorinated ethyl ene, epichlorohydrine honopol yners and
copolynmers, in particular polyners of hal ogen-containing vinyl conmpounds,
e.g. polyvinyl chloride, polyvinyliden chl oride, polyvinyl fluoride,

pol yvinylidene f]uorjde; and 5 also théir copol ymers such as vinyl

chl ori de- V|nyI|GB+RFlQﬂ¥F8rFEE¥1%ﬂen PPERR RF AW IFLAG | hopanodymess andy| i dene
chl oride-vinyl @erehimersg, leP%thcgléérPQ&quTﬁonfah$ﬂQﬂanaana@£nhmgn ds and
their 10 deri vainykesompogndpple.acr pbayetnydndhpot yae! adyyhayesdereol ynet hyl
net hacryl at es WshTdv iRy e pbepRiny P 3 hiofDak f iRd yviia] DhdH ¥hussidd Alskia

Tont | onedounder 2B et orode fiers bESh % (IRl MRS grﬁ)& rononer s
e.g. acrylonitr ﬁ °rblci C4di SRt g\&&rﬁﬁﬁ'"ln"a]cﬁleﬁﬁﬁ r9y é’léEViﬂz enecryl ate ’

copol yners, acr§MAAiideVaryl IRREFARyl acryl ate copol yners,
acrylonitrile-vinyl halide copolyners or acrylonitrile-alkyl
met hacryl at @: bupalijmere ter pedd Meom o2f-ukatBebysd eidiaresnd 1dhe 20l yani des
and CODOLl)Eaml deéeldﬂfat\iedsfr@re dlp%qyaeﬁyms Qha 25O enG 21 e And/ o Lf om
am nocar boxyl i C ans .a e
pol yani de 6,  p gfam giieh %@E}%E? 34 a%éewnfac‘@-ma? ﬁh Be 11
pol yanmi de 12, a?% gl?%ﬁﬁ ' 8° apides rd PeLph Qﬂi&ﬂ?éﬁ?ne
and adi pi c acid; pol yam de prepared fron1 hexanet hyl enedi am ne and
i sopht hal i c9 anﬂmowgphoﬁaﬁha: mgopued memd ionéd deslered,. wbtlelast oner as
modi fier 15e. . apsdher?o4, with icttebyhhisaaireidayl aordmiraphthgl am de or
ggloye% ﬁ[‘?g%'egn&‘éﬁﬁl%tlgﬂﬁéﬂﬂﬁ:adg%ﬁg écsbch%@sar&fvﬂ%&t §?£?A1 .(r)f]o(r)rfe rghgr
v
chenical ly boud%géxﬁﬁb ??%%F Iaé %Tlle'ai ox(ﬁiﬁ Eﬁ%ﬁﬁiiﬂﬁfh as
pol yet hyl ene gl &SI Y™ eb5! néﬁﬁl y"c‘d‘ly Lopapt %/tcétpPiﬁ@?Fﬁll%rne gl ycol .
Further suit ab*EWOomjasd %%Mé petjatndeseobutadisinpatpaeelymsdist.i ed  with
EPDM or A8S; and al so pol yan des condensed during processing ("R M
pol yam de sy6i erml'yure4fades. Pol yureas, polyi m des, polyam di m des,
pol yet heri m des, polyesterim des, pol yhydantoi ns and pol ybenzi m dazol es.
13. Pol yestgf degiGdabt oMl abhossldds Held5eanLll 2h5R00LS ana
dicarboxylic acids and/or from aminocarboxylic acids or the
25 corresponding lactams, e.g. polyamide 4, polyamide 6,
polyamide 6/6, 6/10, 6/9, 6/12, 4/6, 12/12, polyamide 11,
polyamide 12, aromatic polyamides, e.g. derived from
p-phenylenediamine and adipic acid; polyamide prepared from
hexamethylenediamine and isophthalic and/or terephthalic acid
30 and, if desired, an elastomer as modifier, e.q.
poly-2,4,4-trimethylhexamethyleneterephthalamide or
poly-m-phenyleneisophthalamide. Also suitable are block
copolymers of the abovementioned polyamides with polyolefins,
olefin copolymers, ionomers or chemically bound or grafted
35 elastomers; or with polyethers such as polyethylene glycol,
polypropylene glycol or polytetramethylene glycol. Further
suitable polyamides are polyamides or copolyamides modified
with EPDM or ABS; and also polyamides condensed during
processing (“RIM polyamide systems”).
40
12. Polyureas, polyimides, polyamidimides, polyetherimides,
polyesterimides, polyhydantoins and polybenzimidazoles.

13. Polyester derived from dicarboxylic acids and dialcohols

45 and/or from hydroxycarboxylic acids or the corresponding

lactones, e.g. polyethylene terephthalate, polybutylene
terephthalate, poly-1,4-dimethylolcyclohexane terephthalate,
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45 and/ or fbggbngQQEycarboxylic acids or the correspondi ng | actones, e.g.
pol yet hyl ene terephthal ate, polybutylene terephthal ate,

pol y- 1, 4-di nmet hyl ol cycl ohexane terephthal ate, M 41404 0050/ 51792 7

pol yhydroxybenzoat es, and al so bl ock pgl yether esters derived from

pol yet hers having term nal hydroxyl grdups; also polyesters nodified with
pol ycar bonat es BPLlWBGroxybanzqziaseaprhénates bdegkppdinesther eatéomateasveds.
Crossl i nked pol §nem pdgeicheds Hayingxaephimalf hydrakyk hyrdepsandlsgphenol s,
urea or nel ani npolyesterphnodl £ MkHepyTitsarbdheted rmMpdehyde and

mel am ne-for mal dehyde resins. 10 16. Crosslinkable acrylic resins derived

from subsgi § yt Sg? | bi&atgét%‘[dz?f"ixgsi%f_r OcEr% 0% acryl ates, urethane

acryl ates or ester acryl 89831 ns, pol yester resins
and acrylate resins crosslinked by nmeans of nelam ne resins, urea resins,
i socyanat esl®i seESafldnkedspolimeyiss geyared eSosr enpupde r dsomsaldehydes and
Crossl i nked epoplyendsi,nsrearow ek lambdne ale ghaphenoP2Orarymallaahyqgdhat i c,

het erocyclic orupgafkringl@édfded WndCREPAMHLES forfa BdetfdRdvel sn®f bi sphenol A
di gl yci dyp ethers, bisphenol F diglycidyl ethers which have been

crosslinked, by . st omary hardeners,. e.g. anhydrides or an nes,
wehor o H o Rl fe MATARE RELOR Slebivea Yercll @hbnt fFeadt sprvE iR
formof a partiTRiHSa, ©-Fr kO™ SDRZ¥RCTYIATESr WRERANG REREINRA OFtructure.
The term "partPeiHesitersaexickabess” enconpasses the range from fine pignments
through to macroscopic particles. It includes, in particular, 30
Eart i cul ?Bel'{’r.&tﬂliyfd sebaws Pq_acﬁ..yléglf:éf CHé& i¥isZ @nQf adFABQ- 285 :ﬁ |1ka -

i near structur rid v Sl , s_ and the like. e

Ep1Ankbd AR 8F mdihhe. pLLIATEY

: Ee resins,
nonnetal | ic supporis are pre Y use |? m-of gerass or pol ymer
fibers. Sheet-|TKEYSPRGET Ure® dPBIRHES ndPY S BPEH2NAKET AT FSRANYC LESkRS t t ed
fabrics, felts, nonwovens, 35 neshes, mats, etc. Three-dinensional
struct ures He &ngsddnkedeprxy gegimerddrivedyvarom s iphaeisi ons. The
nonnet al Bdc supporlicalapbapief deabtycyskd o ahemdtildngdfcidfiapeampbodies. The
shaped bodi es caly.hpredtdes JrpesphesPNe @3g140i il le@hsrs ShRdpnexbi Udat es,
Raschi g rings, cﬂfijlly(:'i)jfyli'@Qﬁrss@ﬂgéﬁ%avecxkkﬂdéf&sagliqﬁgg kg))g(%nklarr]l e].L,emantS’
hackettes, spi ré;luls ar . ellllccfes. The nonrren}ha _Lg supports_ar RS B ef erably
used in the forfor “nwdven TaBFres® ThEPXBFitee £F PRLPSFn HeuSEd in the
form of without accelerators.
25
The support is preferably used in the form of a particulate,
linear, sheet-like or three-dimensional structure. The term
“particulate structures” encompasses the range from fine pigments
through to macroscopic particles. It includes, in particular,
30 particulate materials having a particle size of from 0.25 nm to
10 mm. Linear structures are, in particular, fibers, filaments
and the like. The nonmetallic supports are preferably used in the
form of glass or polymer fibers. Sheet-like structures are, in
particular, woven fabrics, knitted fabrics, felts, nonwovens,
35 meshes, mats, etc. Three-dimensional structures are shaped bodies
in general of various dimensions.

The nonmetallic supports are preferably used in the form of

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

cylindrical mesh packing elements, hackettes, spirals or helices.

The nonmetallic supports are also preferably used in the form of

woven fabrics. The fabric can in turn be used in the form of
45 monoliths, i.e. ordered packings.
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45 nonol i thggsps/s1798dered packings. M 41404 0050/ 51792 8 Particularly
suitable nonoliths are nade up of a plurality of |ayers of corrugated,
creased and/or snooth woven fabrics which are preferably arranged so that
adj acent layers formnore or less cloged channels. The hydraulic dianeter
of the chanpel s |s S_preferably in the'range from1 to 10 nm_.in particul ar
from1.5 tPPREIGHIEF Y RaPARcBONP HFSh 8T BePRR (YR REi A RANTAMttHeat] as,
Section LE layerphefcrenridatedancheasad gngrer osmeanhy wdverr ffharigscwhicls gi ven
t 0 usi ng nuate Ipreferablemirangedssé othatngddavaith layerschorm garedosr 1edscased

channel s. Vhidfeshangfe hodiTee ayergenes alib¥eddr RJAead ERadtAsr @gctor as a

0 such: aSvER by, B S etk don :1235?%?““' Ao 855} E0R Ecgﬁé%'%? The’
reaction aCG| uf® ﬁig %?/Ogra?{]af‘éﬁrvg“f &PEr ge 'é’rﬁs’eqx\/ég Q’P%"'barré‘\e@F Bfy

instal | ed p2@EHio® LEoll hde GhaBRe bR 1980 PPNStFRLgIdaer oFuryed a PIstprencs ity
of these unis Yimes tostsinedulbitayérsiovehefakries goehinqldmpoithsamd | ed so
that the flesrmivaneeal sr afeaseadl ehathelsl.t @hDbé adnaped Bodicy eite dbneedigns

[ﬁga\tNlo xg%b iat't‘:‘edf |19‘§‘thé“fé’a?§t'o?”as$§%.dé'§|bt Bed/ qxtmmoqfl@h@bényea'rgi%tfaktﬁﬁyso t hat
preferably (\13? %’8{?}{ re%%c’? a‘isci Eﬁ?’?% (?uf:gn"§l corhraﬁ l'l’eed or

creased an® "Ie(laegf?e’dlch'l%g F‘Fa*t 9 5}8?’5 HEeSIgPEn Of oS FeRFEiPRkewni se
sui t abl e. St‘%‘b‘-“&) The YovesedaPALC 1aHeIRoARBRIRIVasoRREt BTSfarabipport s used
accor di ng tinstaidegr pgenklelntenthent loan dheecsiaxh fior the ackesitiog .t D€ <at al yst
in the Lerplirallycof timseanaiobtateddstalideiin egpes) iskeyprogduct i on
process. "bﬂf‘é’ferr’ab&{ gesidiada theusdt fraees odw té)?ann%@ssmqrnElgﬂQdal so be
roughened pLial boetDe, P NIRANERL MIACETSns SLERS:VIOL QNG LNE support

surface Chén ca ¥hods.

Rougheni ng %Jfr Brt% erré’d’é 8f aﬁ? r%?efleraggf)yn’d'i%ﬁ &FQ 5@ taty the c¥RieTor
ceram c supfRhnis, lp¥eps cffertypl jueersside voitpyfammonn argieadifcarefenaldds,
e.g. by @0iakhutg908i tmy cne Ambtherl Refiiled medulashaf do@siggrtedt er dﬂaﬁr.etlhat
of the suppsdd, ifSdesiddd, abeastyes laversi 6f wRMPEEbr it airez 11 kW LEEIUM
garnet, enpidadid. di anond. A suitable nmethod of roughening glass or 40
ceram c spheres is treatnment with a finely pul verulent abrasive in a
rotating dr m The abrasive can subsequently be separated fromthe support
mat eri al 2? H 3mary met hods such as screening

In general, the nonporous nonmetallic supports used according to
the present invention can be used for producing the catalyst in
the form in which they are obtained in their respective
production process. However, if desired, the surface of the

30 support can also be roughened piror to the subsequent process
steps.

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

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

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

45
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or rinsing pbsbh/vayep. Vitreous surfaces can al so be roughened by sand
bl asting. 45 M 41404 0050/51792 9 A further suitable nmethod of increasing
t he roughness of the support nmaterial is treatnment with suitable
.chemcals. Mneral nmaterials can advagtageously be roughened on the
surface by _etching, e.,g. wi th hydrofl toric acid, aqueous alkali or an 5
aqueous m nBrEirtdergsuitaple, yethed| of i incaeraingithe conghness srosphori c
aci d. Suppostppartd@aderprlasits ¢reahmenty aritthgevisdhlebehemboghenednbyal
treat ment whaterihdsi cahsadwintlagabu sk Heheoayhémwed® on Rhef ishlae oyl di zi ng
agents. SuiéedgGhenycalsc dyabeEtheniddcigurdafmsoh1RhRBtdLapare, for
exampl e, Bl Liido@hdne DYAIRARN 0 PalciR oA B, RLEL DT GG ence | s
given to us| gs%om{t c.a }Elrén % ni r|% aﬁl , . about %strength hydr ogen
per oxi de or PR RH%t-Gr 81+ AWBEPT 1HoRES SlgPhREnif iRl ARYRRIRARCUEEY6 RS r engt h
hydr ogen pefeBaheRed; by sppiadperkt Bith chemigabe rwisichhatitack ftheasuréaesat ed
t enper at ur eprefiegagigpokidiBingasgenas i Guiteble hehesippdst fo15 nomghen fig
‘operation isusficels oBuslaitiker agépcidolexamplepasitirienadi®, fiydregepn t he
Surface-13h§é£3&ﬂaﬂ9|Sﬁméﬂﬂh,ebﬁﬁtrf%é?é%éﬂ@@°§étqfv%naFﬁaggiﬁﬁégPOth?6§“’

L u

preferably I QL tal. .an r refera e support is
preferably sé%eﬁi\?ggqeayg} ra%lt:i’ngb%t %O{%hggr?ré%ﬂgi ara %rrﬁtpezfr?d‘lae %’glat of a
pl at i num nefHftursso r%%‘?‘_’rfeﬂ‘?o? ToRETLPBPRII aNY BReUE eliciStgergat and
with the predqa9em Rerexides| dfcappirprdatei éer cutnugbanl ofireows| gndrat n
successi on.elaevatedhtempemmturke.t reat mrent can be carried out in one or nore
steps. Ifisdesired, the support can be subjected to cleaning before the
treatment. didew)se, a cleaning step can 30 follow the treatnent or, in the
case of treatnment in a plurality of steps, each treatnent step. In a first
preferred enbodinent, . the treatnent of the support in step b) is carried
out using av agseduetini oh Egﬁp?‘f@ﬁc’ﬁé af BRNe S OBt IudPnghigent and
at | east om&l&it £F @lentaclaem derqasditionhere rfsamednen cthe Isurfacei etheout in
one or nRPenstleds for nekedtuolbhes gemfsdrtied ardaginerally tiealr, epr&fddally t he
ngport i ras;tlemlibhmirsetfaar hteslr_n@tﬁ pfiRFArabey Yoa1liafgud! HRASLpPHLL rﬁ?UCi ng

agent anskHeraBasta : . p o)
treating t %lsﬁuggog %iﬁi%?%pigif?gr%? }lggst'?hvseltf}QIal %g\néﬁég{%t??tg Ieljpe)sé:gncgla) i f

C port;

appropri ate, eani n e sup

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

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

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

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

In a further preferred embodiment, the treatment of the support

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

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

bl) if appropriate, cleaning the support,

45 b2) treating the support with an aqueous medium comprising at
least one reducing agent,
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45 b2) treappsesshggsupport with an aqueous medi um conprising at |east one
‘reduci ng agent, M 41404 0050/51792 10 b3) treating the support with an
aqueous nedi um conprising at |east one salt of a platinumnetal, where the
Ssteps b2) and b3) can be carried out e or nore tines. 5 The treatnent
can be commenced and concl uded eit her th step b2) or with step h3). The
steps b2) aPd) bByeari@IptBe FURROFteHi bR RN aGUEeORs oRedive comprisingres. | f
desired, the trieasteonessaps d2p phatomubIetedn be fol lowed by 10 a

cl eaning step, e.g. by bringing the support into contact with a rinsing
sol uti gn- tTMeef:A QRRI BPed BA€ 28HPRPY tca%[ be[ ﬁ%i;ri: 2 i°f“f°§9’t’€ﬁ3% ﬁ%&sggi,gérﬁstn, be
carried o 0 . :
These inc U%Igé,/ F?ér%ﬂ%y JeH,athgr ggﬁn@ﬁ%ﬂ# A %%?J@b S dsﬁfglé%lf é‘fﬁt%sﬁFﬁ?i s,
and/ or trea?lfre"fﬁt%\/\f?ﬁp(r)ql?o a'niTi‘es_B'F?/%shtbaz JaftBid B3 A%t PREX@TARLY, cargiedt hanol ,
et hanol / wat @t fBeMUPRS  tethep time®tate, acetone, etc. |f desired, cleaning
can be carried out under the action of ultrasound. Suitable rinsing

sol utions fof RBiekaantmy ﬁﬂ&ag_ﬁiélﬁ)@@’ttip%f bej ﬁ?a/&ab@néaﬁ&o f@ﬁ.fc&wéd)g)y

exanpl e, L aseP!s gdi : o

par trripcul é?hfv%?%ﬁ: i'x'n%:. | gngqug%@negf&?g {for %\{@%%?';gxﬁ%cgrﬁ%%aaggsw trhe a_
menti oned bel'Gw Por s ep c), which is incorporated by reference at this

25point. Step b) is preferably carried out using an aqueous nedi um whichis
essenti al | yTHe &deaping grhithesshprants prikrstoeticurpatheratbtepbucshare
conpri ses atarmiast ouhedby rRmsgamacy awthodsnkpawr itoulkabby diaahkar is e d. The
aqueous pRCa UTREséNind1Ridel) £8P Ns-einplah! Yhsuenean @gtglﬁ: asParticul ar
preference 4§ QY8R Lol Snafor E@gge@éﬂé”yiﬁﬁ gr aniéJEOEQggé%ﬁﬁgﬁ of
t he supportsc\)/Nehtthlexrede%m ng ageet%ad‘gin eg a‘}ﬁie ire ] U _teaneous “With
the platinumnetal "sar o ru§adr s '35°5p HQLEH RIS m 8 i sing at
| east one r¥Efil&tRg agRIANS/netful 15 A58 ipaft | SLafindag| oer Heocarrdedta e
reduci ng agéWiey &he agisinn ofedl bedsewntor Seitgble) rinbind scduthons pfurat ed by
ref erenc20 cleaning the support after a treatment step are, for example, the
pure aqueous media used for the treatment steps and, in

particular, water.

Suitable aqueous media for the treatment steps are mentioned

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

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

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

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

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

45 aqueous medium used for treatment of the support in step b) can
further comprise, in addition to at least one platinum metal
salt, at least one further salt of a metal of the iron group
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at this poi gbsozedyeing agents which are preferred for use in step b) are
tin(ll) chloride and titanium(l1l) chloride. 40 Platinumnetal salts which
are suitable for treatnment of the support in step b) are nentioned under

step c¢) below, which is incorporated reference at this point.
Preference is given to, ysing at | east”one palladiumsalt as platinum netal
salt. The 48N4{R%JFENFE4LAM flor PYeketiansht 18f IR &Qppéckel padtep b)

can furthepndopphiesesailhsaddition to at | east one platinummetal salt, at
| east one further salt of a netal of the iron group M 41404 0050/51792 11

and/ or tranght i OféHe@¥Bd lembBERNENCE Sc:BakBBnt CofitHeekuppbts 1iPRdesi | Ver
sal ts. Insabprféeéa[)ﬁqgameél !&&,inﬁﬂﬁgt{te%%n&m?% dG1EHPRR do R gt EP 5

a .
b) is carried,out .bringln t 1At o”contac t n agqueous I"um havi ng
D i CRpa i e ATt SPASE I ok att b Vel 555 Spin ghOLT
content of dohRefh Hted AyRrustIesti et RInFesfrratedMyssoghlert® sgdnpfl . The
treatment i$rpredftnuibilyteadt indd louthe strefatownabisitprefereblyp @Qried out
particul ar at fuin eboutelPpetratar ec, lih Paetdonbdr et @ahbiéet (YeaperBBiray th
the reduqiongnhad@itadidn BEefid ale¥tihdn@ WidROenb! AERRNAY! afedt tig 30 ninutes,
wth water ﬁ%ﬁ%&"‘?—‘#ﬁg@f B ﬁ‘-‘?E??%uTE?rE“%"%%ﬂﬁrl?@-?fse%rﬁ%ééa&éﬂf%
brought i nt 5r8'8n({'asctt ] Hﬁ“%ﬂi‘%f&eqﬁ en%‘lﬁg?i’ﬁthgﬁ TRIRRLY aBH AR Y LERI or i de
content in VAEEF AfFers t6pd ikt Wathothe rpdycingmbent .cdht bhtsubsequently
concent r at ebdrbyghrocinitor conteaitd wilbht e aceoge hedinmbewtingOa Ipdld abQumd / .
Thi s aquasushDetidenconatehtir ihaheC oaihge SEropt BB6ut NElodl t8abtgs1 anadgscri bed
above. OIThet EbRedne s %B.It@emeat@hah @fksehlr&tigl aé?dﬁ;ﬁrkﬁwg%a eiefef%tlz,ﬁ\bwout
carried out ,za : J
terrperature:l' hé][eg ?l ;&%g‘??rghtﬁﬁstngq% sr?";egfdé%gb??i 3 at%reéné% r;osr% SEBEY 0.1 to
30 minut es, PPt iSANTEr 1 §° HFErs IZi‘?‘erm_ est P KutRstherpdat i g ed
support is PREM iy diEPULFS RESESEALBYAaTTRRHhoWRtalr froB abput flQr thet0°C,
pr ef er r e@Oefbophrtsiculagnatamddest neepenatomps | Bheng-reatmepastimendspl at i num
netal salt prefeddblgesnr&drarije feamtasia of.ur tbezo sahuteé, pamtiah1ef1y he
iron group grefdrdd13Ne ki . ViBUR0 Igriﬂuﬁ:écs'.r§Béytﬁact\é'dd§ﬁlﬁ>$&£t e hefat ment
of the suppp£gfé%b§%eg+ﬁged a%%i;lhgi%%q;etr I s subsequently brought into

ewth. 30 e su

contact the ort 1S pretéerably treated with the solution
provided for a period of about 24 hours. The treated support is then
pref er abl?y Rndedntiher REeEarrethemapdinantof ap| 2quaawn Redaln ROFESisdRY on t he
support in 8teleapt one platinum metal salt and, if desired, at least one

further salt of a metal of the iron group or of transition group
1 is firstly provided for the treatment of the support in step b)
and the support is subsequently brought into contact therewith.

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

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

40 The pretreatment of the support in step b) of the process of the
present invention assists in producing catalysts in which the
platinum metal adheres well to the nonporous support material.
The catalytic coatings produced in this way display a high
abrasion resistance even in the case of severe mechanical stress.

45
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35 is small ppgopsrgd2t o the total anount deposited on the support. The
‘amount of platinummetal deposited in step b) is preferably not nore than
10% by wei ght, particularly preferably not nore than 1% by wei ght, of the
fotal anmount deposited on the support., 0 The pretreatnment of the Zupport
in step b) of the process of the rese i nvention assists in producing
cat al ygts)l htd V\ﬁi‘?%’rfp th Bl SHRRAFH H\gﬂﬁp %é’reéﬁ‘ REFFraaFednan nbihifomauscan
support mat éPP&?queHFHé' éat@rlﬁd dyceusterprpmetheds knownhite wagsediskplagd a
hi gh abr asionthesirst.aHoeeexmen iitn chhea bas deoliseé vits s tTEobathe dubsegasst 45
M 41404 005Qr&dvihtldn kieglasj.red, the support which has been pretreated in
this way gan subsequently be dried by customary net hods known to those
skilled ing rt. However, it can also be used noist for the subsequent
treatment iR s?ep c). 5 Step C) For the purposes of the present invention,
platinumnetals are the metals of transition group 8 of the Periodic Table
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make up mrEh T hat 5
used. if 2Pu¥hrih qﬂyap?ngﬁﬁsen as secondary constituents can each make up
upto 30% by weight, preferably upto 20% by weight and

particularly preferably upto 15% by weight, of the total platinum
metal content. The platinum metals preferably comprise from 80 to
100% by weight of palladium and from 0 to 20% by weight of

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

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

The catalytically active component of the catalysts of the

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

45 compounds. These preferably include metals such as cobalt,
nickel, copper, silver, gold, chromium, molybdenum, tungsten,
manganese, rhenium, aluminum, tin, lead, arsenic, antimony and
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Jretals are pphspgsi7ba addition to a main platinumnetal, these are
generally present in anmobunts of greater than 0.001% by 35 wei ght,
preferably greater than 0.01% by weight, e.g. in anmnounts of about 0.1% by
wei ght, about 1% by wei ght or about 5%3 y weight. The catalytically active
conponent of ,the catalysts of the 40 yesent I nvention_mmay further
conprise, ap¥¥TuioRPHl BeTMPRAALSHERGE 25 ROTER ! eF TR s Sd41GeRy thif&ogen
conponent s &nd RFPBCYuUs n Thee MegRAS 0And MeRMethbs meMrtdpoedechmddi Present
conponent s bbtkchin fionicefampland danmomidniencert hin atiei ¢atylpidadly

sel ecti Vit yaofivd&oatahgl VBirthakRos€) etieedat hOpt AHMING HBEL s cARRABLAl S and
their 45 sommguiifitnelNEsfoilRS BkADL Yeldianide (ABLAS a%HCHo%etcaqgﬁ‘lihaanese

ni ckel , copper .l ver old, .chromu yb i st en,

rheni um al S‘H?‘%ru%letsi'n?"fc‘l‘eaa& aarrga‘gll%:Tgfan%fnﬁﬂ§%nm&cﬁﬁig4ﬁﬁt’d’§50/51792 13
bi smut h, anBOTRANAIES| 8S8YFPASIBARBNIMRMFIRS @F 13 dnreftt Rfen and
phosphor us. cahst itaieats afidcheoreppanentemsiednadn e precpesesehtthebprasent

i oni c form aneentionobedng cifcprporatédeinat ahyt pradingm Metayedaddhyng.

Furt her mpedut gy Gdkapybésat Inbraptbdee GRITRABEA ta1yERE bEM {kEHeQBREI S
other el emenl e IRkl SoBEkALEL 2D Sha WIRUIIAd Bref floe iy 2 TESUL L Of
the catal ytica aétive ¢ 'S used contarni ng Impurities or as a

result of BB%%R%[W@MBOB?H? Oggﬂ%%?féﬁ"rts used in the process of the

present invention being incorporated into the platinumnetal coating 10
during the Pheocarsiebos pediduciusgdt e stepakyspsefdrabiiy puestent compyisds on,
for exambeatl kadst and ebgdundeoad tietdt akf StrfizAbar YsoudP®,07 8801 or

hal ogens. Thge AR QWSuPESH WP Wesduin. step c) preferably further conprises
15 at | east one conpound of a metal of transition group 6, 7 or 1 or the

iron group or of hisnmuth. The additive conponents may be present in anpunts
of e o o e s ATE LR ERES B P GROERBE i APRHRE R Fr e8P i

Addi tive 20teotifomneidhled basefr oRvthe PLat 1D Mftse laFentrifer AdRjt Preesent

i n anou@OfscofpdnemisOuddd tas 2B%bYereiqghdoppnes en@blggnéraliy0) prtesentd5ih by
wei ght and amoyreds io€UELsm fo.0D 805209 byOUehyhvpi iitiferlBSEE i Ot hetd! Bdy num
met al cont epy . weAynkNahf i PIRGRISu Phr tHSMPOEE RS 103V 8Pt b@Tunt hBaBLatdmum

netals are  preferably s as,pLaf i num netal conpl exes. Preference is
given to using platinum meétal conpl exes in which the platinumnetal is

present in the oxidation states +1 to +4. Conpl exes having a coordi nation
nunber OFSf5%rthwgrﬁpggﬁrqgﬂiheggresent invention, the platinum metals are
preferably used as platinum metal complexes. Preference is given

to using platinum metal complexes in which the platinum metal is
present in the oxidation states +1 to +4. Complexes having a
coordination number of four are preferred.

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

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

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

45 Suitable combinations of ligands and counterions for palladium

complexes and for platinum metal complexes other than those of
palladium can be selected on the basis of charge neutrality.

M/41404



The processppkol/Bg7@nesent invention is preferably used for producing

pl ati num netal catalysts in which palladiumis the main platinum net al
conponent. 35 To produce catal ysts corrpri sing palladiumand in particular
catal ysts conprising palladiumas mai n{) ati num netal conponent,

preference is,given to palladiun(ll) ¢ ‘ﬁpl exes. PaI I adi unil ) conplexes in
whi ch pal aﬁ}‘h\g?t?ﬂa?s négéng?jlr-‘*hé’thlaGﬁeﬁqu@r“%f ageqr o péet atgieckedf ul . 40
Pref erence F5omianana badddes rnd sasudshaligeisnuem tBTetC’ethIrods, aprbmildegand
whose conpl émdfds 1N, 0NCEomsd BTN, i 6;-CsL0AObaxygl iicn acpdst $wdH as FodRH0. 45
Sui t abl e cogbi@ptdd¥is cohicid S raplosiinicanl aRe {ryiPakhadi Whe1G@HR exes

and for plsa&aE gl cop @&%ﬁl%bﬁéﬁéﬁ%ﬁck&gﬁ & fla (@ghlpdi um can

sel ected on_t ar.ge t 792 14 Swtabl e
I SR ST R T SRHANEH e PR S A5 kP dles

and pseudoh&hftessalésy. apHIQRNOgRNORieAUES SPeli e, CN, OCN and SN,

Cl- C6- car borytremetdiydenepdspionfior acid, atikeétongeds suabi dsand propi onic acid
and their satésylafetbabhtag Hydroggodsboxyilgc athys enrdi agi geyedrizaaeiys acid
(EDTA), 10 thétQd rdcaest teramiid akid- Qacﬁramegxg&Oét%eaan@hatm@ﬁefs'aﬁsaC' d and

e e L S suRMAAPAISBRPILA 3 il SHET §§nd9'££ oY e RRERS gﬁg“ic aci d,

di ket onat es su r.OX car ic a

gl ycol i c acPy 4Py EEFEC cﬁciftof‘éf"fhjref'c aﬁ'&l“ﬁ afieFy Ialf‘cﬁﬂﬁ“en’aﬂ:'l PTiRABY ¢ hei r
salts. Sui PEBPRAANYeAPA| BRTYAATNEGL TG- 2l kyjhareinass éuchoas ethypreineg) kyl
nitriles sushpzepydestoai tisdpgopyiamise suchuaglamiteni aerprbudilaminegcondary
and tertilsr yeGltdtinel, KiinetiQamsneh d&bﬁﬂ@hﬁh@ﬂéI“ﬁllsﬁpﬁéﬁﬁmﬁﬁﬁﬂene

i sopropyl amype,_ Hhﬂ@@%ﬁhﬁ@n'E%lmE@ﬁ§l£ﬁﬁdQ LT DEe hyD %éy|?91ﬁyﬁq¥lamlne,

di met hyl am ||s 0 | - N-Dbu a
trimet hyl amﬁﬁIq &ilt %%ﬁ%g@ﬁégamﬂ ﬁggr:g?ﬁle%w Tlso‘pﬁ\f% ar' il rHet hyI am ne,
N, N- di et hyf r hyrmv}e;m ﬁ@trﬂI‘H}ﬂsnéé‘
triamnes, P‘é%lr‘ad‘rﬁ“ﬁés ang- Pv)aneREaNing, gdiethylanesdianimre and

di et hyl cR6t t¥ tefihyd eanteROanimieat hoharmasticapnd earoratdcoopt1ic amdnas osmtt C
cyclic anm nes pymdolidsngy rgiperddife, Mdighodine, pipephalhde pyirBeeaghde,
pyrrol e andinéheig-ch-&l-43kyal Ml\%rlwetlyﬁsldlpw hfh NehetAd cRREAN hr ol | ne,
phosphi nes skig lﬁ%efsegamra/s Gk ERa Ay UL BIOSANNRS BlMhee and

C6- Cl12- aryl , i cur hen and al so 25

sul fides such a1§ Y Hg‘éﬁ |l“aﬁ’arth? | : B'P‘f- Hé’%‘“?&ﬁ%l?%ﬁéa?yl
and -di aRpl S%h‘f’f‘ﬁ!ie?fuﬁhda%)@yg&rmébﬁhsa -dialkyl sulfides,

Ce¢—Ciz-monoaryl and -diaryl sulfides and oxygen compounds,
di-C;-Cg-alkanols and phenols and also their ethers.

Particularly preferred complexing ligands are the halides

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

35 magnesium and calcium, nitrite, nitrate and ammonium.

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

40 complex(es) is/are used in an aqueous medium in such a
concentration that the platinum metal content of the solution is
in the range from 0.001 to 2 g/l1, preferably in the range from
0.1 to 0.5 g/1.

45
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di - Cl- C6- al kpggl§1389 phenols and also their ethers. Particularly preferred
conpl exi ng I'igands are the halides 30 chloride and brom de; amnes, in
particul ar ammonia and tri et hyl am ne, cyanl de and

et hyl enedi am netetraacetic acid and |t5s -, tri- or tetra-alkali netal
(e.g. sodium) salts or _ammonium sal t st2 Pr eferred counterions are al kali-
metal s suchPEefentedhpaiiadbm Gomahexeotarss HoPdHal i aMRifaday t i ReCHD & such
as 35 magnesRi8dHatgl Bd (WH3 ) aHals,t 8d(Ri1)RnaNes gndndnPdiNAZ N (ULt adttheere M

pl ati num neiel aeiiagxesetd, Aheparatdulasokullienidr Wtaksit®, amdenhenis of

at least 0.Q10aRygeNeia@bh, Mn AL LD AhWESne ( 3 OminACEP! Hidigt o the

present igvention, the pf ati num netal 40 conplex(es) iIs/are used in an
aqueous nmedium.n sucE ea(ioncent ration that the spI ati num netal content of
i

the sol uti of®f&es pre P LB PIFE COMBLgTee el BRAIYCler t he range
from 0.1 tBREGag/ (NEAZPRE U1 A02200050/ 83 KPS sPreferred pal | adi um
conpl exes are H2PdHal4, M2PdHal4r M2Pd(CN) 4, (NH4)2PdHal 4, Pd( NH3) 4Hal 2,

‘Pd( NH3) 4( NOBj& éﬁﬁéoﬁd(h&ﬁﬁ&ﬂ‘ﬁﬂfzheﬁwﬁﬂﬁbrwkebSaﬁﬂléﬂs%abhen§56ﬂ01n Nagent
particul 3p §ﬁ’dédﬂﬁl%rteﬁ?gt@§§a%1¥ éﬁve'ds of’mhg'l:tﬂlgz‘aﬂl@t Péﬁudlﬂgpgggﬁ cyl ar

chl ori ne, e orpb erre exes
Qfueous

are (NH4) 2| S °Pfp d‘lf? )N "Dﬁﬁﬁﬁ?%ﬁf £Hd‘ KBPE CAIPseTRE
medi um f ur t R&FeTtdddr Fgel%e]eﬂw Ité‘ésFe‘éﬁ’?é ROEGOELAY Agdhe Pistinpmarprétel y or
partly di ssebtnrpkex gsad. rafgrence etticdivgnagenssbsftencesehavig andteddarde al |
substances poteritdalr és adposms’ adaium pof eebbathas Hel50mblbe ncedox potenti al
of the phast pfwfaxra%tlgl le§&NgHaX oussﬂt Fif eéeﬁv@ﬁuqf Qg8h¥esr tféé:'é%!;a

having a Stzﬁyﬁﬁg 1Q0E8I$Pfﬂ inNe ugegé&{ﬂ %ﬁseﬁgﬁﬁ} 0 gt ¢ More

15 preferab SS..t [ ent 0

mxture is w«?lgﬁ ea%ﬁ@%% ?rtecﬁel?ﬁ Egﬁﬂ‘%éﬁeéﬁ ofa%trqo 1% by
wei ght, pr eFPRAAAFUZE F%*%&) - 169 RReiRET§H tem%ﬁ imeaks Penthe @FGFSI“( 25C). In
preferred ehRition:sthe natucingsagent jomvsheiveduding agentimigtagenis or t he
reduci ng2agenttuayucempretlyvsbluiald yinCc ahpl aqedaussakdbhe. i n t he aqueous
nmedi um Exanpl es of suitable reducing agents are carboxylic acids such as

formc acidg >Eire's o@Cé tébq%t? ng ah%fc?réﬁc ac%gﬂoﬁ?f'é% %réu&%" ar the
salts of ca)t() ]] pre ra i a(gg Phe earth
netal, ammmo agé‘flt tartRgLBndT it
hypophospho?%tlé’é‘ilér f—h% %aaqttss°5fcﬂﬂ5§‘|§ﬂé?u§°1‘%ﬁ RypéprIRPhshesakkakl in
particul 3F mekalal lRdkplige gdargh metal, ammonium and C;-Cjp-alkylammonium
salts, phosphorus or hypophosphorus acid, the salts of phosphorus
or hypophosphorus acid, in particular the alkali metal or
alkaline earth metal salts, C;-Cjpg-alkanols such as methanol,
ethanol and isopropanol, sugars such as aldoses and ketoses in
30 the form of monosaccharides, disaccharides and oligosaccharides,
in particular glucose, fructose and lactose, aldehydes such as
formaldehyde, boron-hydrogen compounds such as boron hydrides,
boranes, metal boranates and borane complexes, e.g. diborane,
sodium borohydride and aminoboranes, in particular
35 trimethylaminoborane, hydrazine and alkylhydrazines such as
methylhydrazine, hydrogendithionites and dithionites, in
particular sodium and potassium hydrogendithionites, sodium,
potassium and zinc dithionites, hydrogensulfites and sulfites, in
particular sodium and potassium hydrogensulfites, sodium,
40 potassium and calcium sulfites, hydroxylamine and urea, and also
mixtures thereof.

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

45 borohydride, sodium dithionite and sodium hydrogendithionite, and
also mixtures of ammonium formate and sodium hypophosphite.
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al kal ine eappBgopshgbzsalts, Cl-Cl0-al kanols such as nethanol, ethanol and
| sopropanol, sugars such as al doses and ketoses in 30 the form of
nonosacchari des, di saccharides and ol igosaccharides, in particular

gl ucose, fructose and | actose, al dehyﬂiei such as fornmal dehyde,

bor on- hydr ogen conpounds such as baoro ydrides, boranes, netal boranates
and bor ane g @d, Bsgy 1giiMaGeant, at SERSEnPRer ERARY eaBIRMER N heBedanes,
in particul an *3‘59 tﬁumnéﬁhym%mmb@ﬂmn@et&iwdﬁaél add Hrideakkmporyatrtazi(aeg. such
as net hyl hpdomztieres,/dbpanogendiftt kecncies agedtdi The ariduesngi ager@aniti cul ar
sodi um and pgtASSPIR G¥88 oneRGickREOMbi&eresod yénglmt 28Sh umBd rak 06

di thi oni t gSoe YARARGSULLAL &% el Ihettn bP cRB gl 86 Affthum and

pot assi um hédro suI fl sQgi urt)]r'ﬁ {ﬂ?gl a é{im}ma caI Cl um suI fites,

hydr oxyl ami p’é?lfcfra?l B t4fr'es *PnY tof TOBr BFETR R aP8Mtici ng
agents for 3Pep @bO&Fe‘l%oqu}fma&ﬁHtp%Qa]s-a um hypophosphites, anmmoni um
formate, trinmethylam ne-borane, sodium 45 borohydride, sodiumdithionite

and sodi um bydsegerdi,t Bh cadiedusanddieh IRviThyt ArEs off g2BRBEH WRahoEMRE e and
sodi um hygoghesdhith§ udtd 144 188501 odhA <18 dé;sbgm%abf H?é‘ 1% of at

LSSFE.SQ%L%%%%‘S%' Vgheﬂ pedREinnyut 1 rBHR Otron' 3 ReRl TR I e
reduci ng agBt* }rcéllaﬁr F%’Faﬁbltf ngd For, eBE p‘?’?"’e’f ditePRE P& NfcesRary &

mol ar rati 028d At €3Gt PR RSt tPothr AquegHs npediumpfcomprhs it theo 100: 1,
parti cul ar | plarisfusr abtyl feaupled: dnd otle) réduédng eaceampl énadwoddr tBOthtaﬂbout

40:1 or aBoyhe Hyshirelinps! efbrClhedPuASHIRQRUS £ MERE AN NInFerRHopf, BL&Ad er
than 6 is 4P parqu %ﬁsmnae%e%rf QBmgfﬁ'nﬁl %&&f?'&%a%qeogbte&@@ﬁ;f tBera

|
Baﬁ : (r:]ﬂlmar n?r q%e%isl £ a%;ﬁ. c?sé;e;:n n%]é%’sc Ty QUS@ ¢Hf at

| east one bAZT® t°df lbﬁéeﬁq‘t’fé’tﬂ’s ﬁ'¥8| 49 PpPR®THFH ndt&t conpl ex
and t he redbeVhqtagenstipProrigdr L@Yél%ma@lenchsr@wrdeg‘hﬁeblaqﬂ-llSFor t he

pur poses 20f préfenabd yeae lechaghifirom, afase metat eoxidessuhet ahdegirexidespaimds
which are aphetionlad] dskaliénetbl B¥dididdagueatts 4B @odiuk thidiexdasi 484
value. In pﬁé'&éé‘éﬂuﬂar hy H'J.S&u& pedg1 cgax%%ﬁﬁegm'ﬁhpg@é?c&%laq&aé alﬁétj.élm ng

85‘)8?;? | €5 aha ¥ Skal gxg Eledie %%&awaésﬁbaqnakswdgsbasel ERANA L Blopalle, DASE 18

S
particul ar SPEHT RS ﬁPafrﬁl'drpé’%iaﬂgﬁu’%lf(ﬁ:FbQEaE%dlr'iﬁﬂ“ﬁ?élP’Bx‘F%ré’%ﬁae ?)’éﬁ assi um
hydr oxi d@5 eelaiun; gpEberatey, nigrpgen ikasesr i kedutiepiar ampedialkaline earth
nmet al car bopairesy,esgcohddry amic eboitairy, amsnes Wy havboedre depot dised um

carbonate, &BgheSTotMtBE&lPiidigenadéntaining complexing ligands. Buffer
systems, in particular those comprising the abovementioned bases,
salts of the abovementioned bases and/or suitable acids, are
30 likewise suitable. Particularly preferred bases are ammonia and
sodium hydroxide.

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

35 conditions and contain at least 10% by weight, preferably at

- least 30% by weight and in particular at least 50% by weight, of

water. The part other than water is preferably selected from
among inorganic or organic substances which are at least
partially soluble in water or at least partially miscible with

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

45 and trioxanes, C;-Cj;-dialkyl ethers such as dimethyl ether,
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25 cal cium gasbpsayg nitrogen bases, in particular amonia, prinary,
secondary and tertitary amnes as have been descri bed above for the

ni t rogen-cont ai ni ng conpl exi ng |i gands. Buffer systens, in particular

I hose conprising the abovementioned b salts of the abovenenti oned
bases and/or  suitable acids, are 30 Ii ewr se suitable. Particularly
preferred b3ERREYL StARFOMRG MekhYLSBUE imeHREF xR CUSEPIERY MiKiddaEsenf t he
present i nvextaxsn usgduédurranegsasafer slfssrahess daposiikiores which are

| i quid under the process 35 conditions and contain at |east 10% by wei ght,
preferably ghe dfR@%us3Reaiym \y%gaiaend dohtRahs i LalsAkhah Leastino0% by

wei ght, of ar.@éfcrulth@e@aréh t Bgk émrbvan\ee&emaayrpefe%emypsleés%ﬂtﬁgnfrom

anong |norg ani c %ances ich are | east arti al sol ubl e
in water or ; I ea?fg AT acf scible with 40 water. For exanple, the
substances ot her than water are selected from anong organic sol vents,

Cl- C22- al kafwo|prefierrpdrenkadimentaeeharhs prectéssiclf theppopserd inveopiapanol ,
n- but anol , tieadusbasohediet tisbussamotiallenrasel €S oaadnhexsdoients.

C4- C8- cygpoal kyl ethers such as tetrahydrofurans, pyrans, d| oxanes 45 and

tri oxanes, ,ﬁ:l?frgrnagjéyjf%a hg)rlg ?&g‘ﬁ] 3 gkn%g@ylet oQer 4%%%4 00510/51792

17 dibutyl Buxirrar e as are
used : nupr/o?:’e 6 u‘éf'e%targglr‘&stlb'e ef’flﬁnso °§qBEé fRTaRdgi GHFBR "e‘f erably

contains | e%%mﬂrrmue% lg¢3pts opgr H‘ﬁﬂdar(cp@seeﬂfbﬁw aEG%anoF‘*marltlsemi arly
preferably pesfendpdy co@gyinsf aohgboden,solivengen, rangdy ef ephaxpherbedatent s of
the processcefipldxdngr 8gemis iforethe Qfurpdshe aflugl preedht Mrivenessanital |y
free of orgagsmg oiowﬁaéendsl%/feararé rémeaftolseéﬁnq% ﬁeeyptmsoanw”p' ex of
a plati num Q\le r[%@%l: a&g& comB] f }?lqﬁ]egggngé)l Ut d ref S ably
further J;]I se% g eas Qre (s g? ca‘I' and

pref er abl y % ft5i%ts d9P R o gt FRRTE %‘ﬂ’é‘ﬁ Al %ﬁ&égﬁo‘?u@reﬁt Sﬂr?c on

Conpl exi ng %%t@lFBrC%‘he”ﬁGFE%e‘sl’Hf e mpERs ehfnsi-nGenpleringr egenths or
conpoundg20owhiicth dageabhe ahpvemabtiomsl metekoatoms ias dagueousenedia. In
general , supdrtiailbexy nghiagenes for eritoPIbBeds of alhkeS ppésaiNAhvenBibt abl e
donors genegaliyichaye auir&qeebeﬁﬁraangpabénmm ¢80 hdd L agh e L, the
Tetal 1 ons. e IRAXE NG AAANLS 12 g EAC R W 4]10@%%9& 6 oat oms
as donors ar e artic Sui r j{ 1t

i nventi on, éf%ﬂ\ 8&“@? '%ed?/ttl&BF c?ﬁﬂ &Xi ﬁam%%é?ﬁt“g rgan fr?Et hesalts, in
particul &P ?W%Wamﬁtﬁb?al and al kaline earth nmetal salts, of

Particularly useful complexing agents are hydrohalic acids such
as hydrogen bromide, hydrogen chloride and hydrogen iodide, the
metal salts of the abovementioned hydrohalic acids, in particular
30 the alkali metal and alkaline earth metal salts, and also tin
dihalides, zinc dihalides, ammonium salts such as ammonium
chloride, ammonium bromide, ammonium iodide, ammonium nitrite,
ammonium nitrate, the alkali metal, alkaline earth metal and
ammonium salts of carboxylic acids and hydroxycarboxylic acids,
35 e.g. sodium tartrate and/or potassium tartrate.

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

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

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

45 aqueous medium and subsequently adding the reducing agent.
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the conpoungesopsiy9ped above as conplexing ligands for the 25 platinum
metals. Particularly useful conplexing agents are hydrohalic acids such as
hydr ogen brom de, hydrogen chloride and hydrogen iodide, the netal salts
of the abovenentioned hydr ohalic acids,gin particular 30 the alkali metal
and al kaline earth netal salts, and al’'so tin_.dihalides, zinc dihalides,
armoni um safPS SIPRTAEUESdhistRP Shi Hh iFEST AU BABAT ¢EF O ndAi um

i odi de, ammbP%m Rreferably AKABNIUMNILOPEE and He apkhigulast sFomadkdld ne
earth netal 8% anmoni um salts of carboxylic acids and hydroxycarboxylic
acids, 35 e.g. sodiumtartrate and/or potassiumtartrate. In general,

pl ati num getgd é&f{maeéomécﬁ{&iﬁ' ng.ageie pqam@xﬁqn&%qdor Pa@f}mm @@P&%' ng

agent used S erence is
given to adgl&i‘ g'%ﬁg?%ﬁ@ C%E% 8£g§£t r%seg% g%%%e%i usp rre d'um, bef or e
addi ng the tb Y’ﬁl‘bthte' éﬁbBGFﬁJe‘?ﬂ 3t £rAB JpQ ocEgsl%bet Weighesent
i nvention, B@éfplcué?rﬂ-x regfaradlyufreny O.i0dstpyl i G mydweialt i Ivf phat totah
nmetal conphass arfd thaycaioaipisex i( agppoEntt aatabytimdd yusetliventomatthirg 15
aqueous gedi um and subsequently addi ng the reducing agent. M 41404

0050/ 51792 18 Taﬁd&emlaw 16013 SRyehk a§ ! ¥nl e fraBge {£9m 0 to
R ke sy NE bl RS

active conmpon
additive co%%ﬁf‘éﬁtbéypf’é%rﬂt t@eﬁ@?%lﬁ}l%’{&&énab fRAgRiSUkag by Prefesabhy

wei ght, in peen ildultar 669 wawigalents | kaspdwen gthe plosinimhetaly preferably
from 0. 015t codpdifEnity wei ght, of the total mass of the catal yst (support +
catalytically active coating). 10 If an additional conplexing agent is

added to thg :Scu,,ea&nb@a 4fﬁe a%tlg p&s qldr%elea§§ L@go@w@t 9 gkegmep, 1 to
%

10000 |
prefer:g:];/v ?oncr%y,larg%g%bol T‘aecfﬁ é’l%Ba %cﬂleto\ég e?é‘tq“hd?ﬂr (?:;I ar15y

conponent . EHEWEaRFHEID tcf’f@‘PééﬁF%ai‘ted-eﬁéﬁnEP%llH]tad'-lélt}fﬂp’a‘?‘fali somphexy drhec) |
firstly BPorefuciingt agenht &t lepsh part edutbesbarsdiandy i £ tdesirgduets nedi um
conpri ses adddidshalheomplaxingnagedial ILdkepiex, tiHee sdPpoetuciondgiageny ,beat

| east part Qfodd}& hase ddbackli wilesidldthbhebovditintionad SoMPdnent80amaant

Li kewi se, ﬁ%@%&aemrx 'mre%shy fﬂf‘e Jh @99{9&1 ndtaq 38Nt Wdtea alloide

abovenent i one I’nge atur r C at 1.num atl num
SFpeia Rt ge t of

metal is t he%acétd'é’gd ”e *é?lé? UPE <y 13’ &"g{“gh%' W ch is,

for exanﬁpetolﬁ9°C lower. For the purposes of the present 1nventlon,
“reaction temperature” is the temperature at which the deposition
of the platinum metal of the support occurs.

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

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

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

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

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

preferably deposited on the support. The platinum metal is

generally bound so strongly to the metallic support that it is

not appreciably detached as a result of contact with liquids and
45 gases when used in catalytic reactions.
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25 to 30C | gos/s5h9m2t he purposes of the present invention, "reaction
tenperature” is the tenperature at which the deposition of the platinum
nmetal of the support occurs. In the process of the present invention, it
has been found to be 30 advantageous § ensure sufficient circulation of
the reaction solution or the reaction m xture during deposition of the

pl ati num rrelAgélBh"el IFOTOAPRRYE . i1 PREpICYLlar the glengnks syibablestas ring. 35
The reacti oRTOPPEET@Fi AeBaRES d€Bdsi L tdrRS ixled | hem metodiced tégetheupport s

i s general | yithovhe) fBatdndflnetialutiese yheefaguably fedinm, sbotRHO tHenut es and
particul arl vepsei€icibby themihtinualmetdlutee the 1N HRYRaessn Wr he Present
and part | cupaoFLiReLoRBn M T By, codialns SRt CRIcBuR 0" Y el s
an artic . . 0 . .

usedpare prag%%a %fdéﬁgs%(?‘glﬁlgﬁ FREPAENLSY £© Jcr'ﬁeé TG RTnT et e gan
general |y bBufid ¥ %‘FF&E@I?‘IE FoREAnEhe 9nd oZuppbR% thgaendof sthenot

appr eci abl ydeeedktied &8 nlatwim metatomsact resuht |dfjwhdshabie 48idjases when
used in cat abypomentsaatreoiscoddota46d R rahE211P atAddet s¥EfLATRENERES, N

particul an tbeied eihipbhiefits ! AN addit O WMBbieRts AR So &@r&pgilgggieﬁc% 6210

be introduc t oget  t iﬂtu% |, 1nt gueou

that the dgg(e)m tl yggf.%e&p g)?ieggﬁf'ne anq%%fél %l}"urah %ﬁ%grgag? aﬁelcc%ldof the 5
addi tive cofpdndht SEBOELFYL SN 5H?y"%3°rﬁulp ARBUSIRY. STRECTAURSSt i on of the
additive coRBBRRHION STPRAGUSLVE BF 2Nanuesns caedial Fhebeprbiaatddn oot
toward the afdiviveafcomponerterid thetdrtalyspesofithe girepbnat i inventedal inas a
resul t ofiswhi séparduteaddednd estepoipopart itudae 1y nadrtagbeds pirirer enti al |y at
the surfaceapprididibd 8etine ATRONEESmpohBRt8dehdd k8 caPIPONERE can al so

be appl i ed Egrféébe ocfaftﬁéyéc;éiv%f chitfoRd RSt ghoYEN | %r%ﬂe’?}ngeeoar ate second
step, e.g. %d osition. from el;éctrol éss

) t.he_vapor phase or by él
deposi tion PF ?ﬁéﬂ%ﬁ@oﬁ%“%&t%ﬁﬂiaaagBﬁEQHﬁJFSW ﬁ?ﬁa%ﬂﬁélF&S??cﬁPHﬁ°yegdditive
conponent s BECPHEGalal Rt PISSLRel PYEYEIN FAVERR iseerhed siar ddpapecend
second st@pstepPparticul arly advant ageous when application of the addi tive
conmponents specifically to the surface of the active conponent is desired.
FurthernDreSteﬁqusition conditions different fromthe conditions enpl oyed
according to the present invention can be selected for the second 20 step.

Th talysts.obtained . .in step c) can sybsequently be activated 25
2t Trom gt BregareelyBep HaAen in 3 §)o8or, SRFaPELY b acyivated

25 at from 0 to 500°C,” preferably from 10 to 350°C, and pressures in
the range from atmospheric pressure to 200 bar gauge pressure.
The activation can, for example, be carried out in the presence
of water and/or hydrogen. These can be used in the form of
mixtures with an inert gas such as nitrogen. Preference is given

30 to activation using hydrogen. The temperature is preferably from
10 to 200°C, in particular from 30 to 150°C. The pressure is
preferably from 1 to 150 bar, in particular from 10 to 100 bar
and particularly preferably from 30 to 70 bar. Activation is
generally carried out for from 0.1 to 10 hours, preferably from 1

35 to 5 hours. In a preferred embodiment of the process of the
present invention, the activation of the catalysts is carried out
in the presence of the aqueous reaction medium which is described
below for the synthesis according to the present invention of
hydrogen peroxide.

40
In a preferred embodiment of the process of the present
invention, the catalysts of the present invention are produced by
dissolving at least 0.01 to 3 g/l, preferably from 0.05 to
0.3 g/1, of at least one platinum metal complex (weights based on

45 the metal), if desired from 0.0001 to 0.3 g/l, preferably from
0.001 to 0.03 g/1, of at least one further element compound and,
based on the platinum metal, at least 20, preferably 50 and
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the range fposozsrgeRheri c pressure to 200 bar gauge pressure. The
activation can, for exanple, be carried out in the presence of water
and/ or hydrogen. These can be used in the formof mxtures with an inert
.gas such as nitrogen. Preference is gioyﬁn 30 to activation using hydrogen.
The terrperature.isqprefera?%g from 1 0 200C, in particular from30 to
150C. The pPEEEITHIGTdY Breferaffivy ofr Ledst (190156anhyalantspaf 12 cqAmplerinem 10
to 100 bar agfadt @Nd ifEgmart ylensaf dPabp ylGhoprsberabla0 fivam. 2(\cta \B&t aod i s
general |y carrtichlautlyf prefexahly. from 4® He06B0s, equpfAenltbyof roMeluddngo 5

hours. In aapegfeid et aghesidreRidiah.t he process of the present invention,
the activation of the catalysts is carried out in the presence of the

aqueous rea%%o rens%qliturin which i $ dggcri bed . .bel ow for. the s%/n,t hesi s
according to eseAl VRV TYRTEFT IRFEVGER HTAAaSt 2Br3INAR1g  BY ek r ed
enbodi nent 8F°??1%'Pﬁr5068§§r’cﬁedt REoBResent invention, the catalysts of the
present invention are produced by dissolving at least 0.01 to 3 g/l,
preferably fhenifiedfibo 1o Proviaés apldtdash neeaPlaitalyistSeicpre iRy ex
(wei ght s 1paseflp@bus? dohhér Bl l‘:uFbtf)rtgea?idr ﬁdcgfé’.ﬂ}tq_-cgggghé@tﬁie cg/al:ing

preferably i f.at ne furiher_ el ement
conpound anéﬁgmb%cgé%g%ﬁ%?hg”h%%ggé?nﬁ%gr?eat%a]l,g’%ggﬁPasatCtiﬁ? (E)?%fflélrgabl y 50 and
M 41404 0050PBR7GESoGL5P5FYE AldkiP d?eé’lagr BRFLickes Ba¥ing o medfui val ents of
a conpl exi ngara® daanetenAfateFaakhan @boyt 1dum,ppspéenadly flesm Bgan o 80
and parti cabeut \108r afer Eivhapifligad 46n tthe68pppoxt \sairgate . ofhea pladifimg

agent i nilénmetale QastieléesprdfeTablprieafnta nByedifRtbdr bhafod @uhdes a
catal yst obhpéiabl @mb¥nd@ cdi,0988SeRSmHes Chhheds AR rs THE QI{LV%QBHgnf e ©
provi des pl gﬁawrﬁoﬁ%ahog%{,@' ESqEQIRIeS LGy 8.1 K0 noE or,ous yaonfetal T ¢
support and_a_cat.al ytica 'a)c&?l ve. coating o applied f gf% " BARKE &P n t he
cat al yti cal FEPHEH"? eé%a?‘? l(?Bhrpf‘li‘%%GS' di screte platinum metal particles

having a nmean particle diameter of less than about 1 m preferably |ess
t han ab@@t Papoiawhari pneferdancedisngiven soppocatalystade. wHivwh phat i num 15

met al part i sogsoyumuel aoahdtalldee sappEan cdnd bt £resden®RA 1§ N g1aBoYUt 1 nm
and can, fofefadi®be, ahgyBmdirameters in the range from about 20 to 100 nm
The discrete particles preferably have an approxi mately spherical shape.

20 Particylgr l{orefte&ence_ I S %i vgg%to a cat il st in which the nonporous
nonnet al Li c® SUpFEELEohs i RReFE8REN G ¢ B aé’r’&g‘bf“aal content 1n the
25 range from 0.01 to 50 g/kg of support. The catalysts obtainable
by this process display a selectivity in the direct synthesis of
hydrogen peroxide from the elements of greater than 60%, in
particular greater than 70% and particularly preferably greater
than 80%.
30
The catalysts of the present invention are preferably used for
the hydrogenation of organic and inorganic compounds, in
particular for the hydrogenation of organic compounds such as
olefins, e.g. ethylene, propylene, acetylene or butadiene,
35 carbonyl compounds, e.g. aldehydes or ketones, and aromatics,
e.g. benzene, particularly preferably for the hydrogenation of
oxygen.

The present invention further provides a process for preparing
40 hydrogen peroxide, which comprises bringing a catalyst as
described above in a liquid medium, preferably in essentially
aqueous solution into contact with an oxygen/hydrogen mixture
having a mixing ratio in the range from approximately 5:1 to
100:1, in particular 5:1 to 30:1.
45
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ceram c or @ogd/sIB92 Such catal ysts preferably have a platinum netal
content in the 25 range fromO0.01 to 50 g/kg of support. The catal ysts
obt ai nabl e by this process display a selectivity in the direct synthesis of
hydrogen peroxide fromthe el enents of ?reat er than 60% in particular
greater than 70% and particul arly pref% ably greater than 80% 30 The
catal ysts of PEnRF$IteARVERGEST ildheHise Rravddss| foxsde nee of e

hydr ogenat i 6atatysrgafi thanerésemtganventimmpdondshe i synyhesti s cof drydroyehhe
hydr ogenat i parotide (faminc thenglueasss usdtiady ehef amishrRudnofé YiRRBs or
propyl ene, agehydBstRURr phutasl @@, bgSaLARORYh: EOFNOUNAS, §ifecidl dehydes or
e o e LI I35 oxy el artP AEAPSe P Ael:C U BI10s RCHELED. dad sk
hydrogenatlgnlg .cﬁx gen. € RLe en; L vention 1 ur r . provi aes rocess
for preparifig- a4 /\7% o4Bh PEER R PT AT Sc BRDr AT hefngf oy SXaERLSl yst as
described abBvECiP/d6tbdui thirtuiignhepeier fudByyineorperaseraby ywreisgenoes

sol ution infbecesr &ft thet hatal ystpgeh/ thelimugennti dveartiohajonctie dixesy
ratio in theynemged odmHampiexpabt ula¥ly pPefek@@dl, in particular 5:1 to
30:1. 453 41404 0050/51792 21 The present invention |ikew se provides for

t he use of f r t J.nvent] for the synthesis of
hydr ogen ptg{r}gg'(? e ?Jre)é%?ﬂée) %ﬁ%ﬁt gﬁﬁ%oetsﬁsb)??t#k%aﬁf%r%%ﬂﬁrﬁﬁﬁg’plf%rcess or
an anal ogou§*pPRtesd afil-by° 144 g’gl'rﬁ'r?é)sli §l4jand HR-Palt8B%action of
oxygen and RyBFugetroPEPLerqsicst iifusivRn dio tubal yeactioys an|whidhd thedi um

Sui t abl e pr ogbshy afethlespradsad, ifiventebcanpbepresent\@s98/ A&dlGd, iwvhi ch i s
hereby fulsl yiteebriporatetoty dretolendeicallbatuspstofuntie . capedmint $165 the
present invephaonidn@r tbheqdl reet 1:§¥ N hesi $e0bndiad b9 gg;sfdé‘x'ig%' y.
preferred. ;9"“?%9{5%@ ] %eggp%rr% foistcgee c?ﬁtége#s qf 2 are descri bed,

for exanple, Tn -A—B 8 862, Ep. A% SOT and EP-'A- 448 884. Particul ar
preference is given to tube reactors in which the catalyst of the present

i nventi on i $"p? S¥&Eferasd eiadipent s i frepekiion nig irartdedh @¥ft ayitthndri cal

cat al yst 2@niiguidi@smidngas f f lowingomndi comnsehor igas fAmddedqrédattean breensur ed
by appropri aiguid phasagppéfdradlyUuppidkies asorlesd idpddahvard lved PRES erred
enbodi ment , cA6£1 yRABLEO NS CARE! §8s Wln Wel PasSlh ldnFulgh AL QRS LLPW NG 0
cocurrent 'Boéhgﬂéﬂngg £§Q§£R&Erl-f%ent, preferably in cocurrent.

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

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

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

40 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 10-1 mol/liter.
Furthermore, traces of bromide or chloride are generally also

45 added in concentrations of from 1 to 1000 ppm, preferably from 5
to 700 ppm and particularly preferably from 50 to 600 ppm.
However, it is also possible to use other stabilizers such as
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liquid phasgogp95er9bly trickles fromthe top downward over the catalyst
bed. Here, the gas can be passed through the reactor in cocurrent or in
countercurrent, preferably in cocurrent. 25 The hydrogen is preferably fed
into the reactor via one or nore int di ate feed points downstream of
the feed p0|nt for the oxygen or the r. The enpty tube velocity of
reaction ga§ opridehydeti on medi umi s preferably in a range from about 20 to
7000 mh, particularly preferably in a range from50 to 1400 mh. 30 As
reaction nethengegutdbar gase vwinchi Mey dampidisagnyet@ilyahglssgerCm@orianol s,
in particul pat VRilRy iaBg{ Ofadmy Eﬂ@ﬁ' as \Wigoyahesr Iﬁobllésagséé rg%%%&

medi um Uugt Ra%?a{q %\é f’l\'e 1%3:' Ofl.n e qja(ﬁ%gokrom ¥ qf %r a%é/o rie Q ger%rgc%g;%e

added to It I C reactl

upt o 40% bygmfgﬂ? uFRY e JINPE ?HP B ﬁ%‘i‘%tfré’ﬁ‘d%ér*%‘? c]L?IOalllryln
preferably PRT LAY fhem 1 taf LRt ler Thoepyvgen tised AR phefreeetien| s
given to us@ag aeat @lsasbe Juilxedr énctherfaredofinaidoimtoabhéi zenddienhyds ogen
per oxi de agai nst deconposition, acids whose pKa is preferably |less than
that of 4@ e§of igredekdedi dnRaikbay] at‘fhemr@ﬁE@.lLo@Q{éjss iSUER- A% Wyl uphC acid,

phosphoric agid QehydroGhl ar ea?gadi RE SPESH 4t Iifehfetid R pRESLIT

The acid concent, ot Fably
from 10-3 tBLAtRUtIBE/ ?F?’éw%‘mmﬁﬁﬂheﬁ Féabh’ak'éstb@r TBRRi TFOToR - 8 Rt O¥Q de

are gener al Py5 5l sFhesBolamie@tin ebralierin ithes chrcy¥aning yas 196G Idphbe
preferably inorheb rapg@00rqprh:antophdad:dyl aréfeyatdafyeiabtlye framgeS@rém 600
ppm  HOwsVEs:1 ito i190al SOrHROSShbE Coft ahS BeOthEFied B! h@eééno%%grﬁé M 41404
nyar ogen anihosaen o pot et Pregfficd Rpddiag b, MY SIS P! caser,
gﬂé)fgr.%%riéz Iy_énams%o 985 agr Ba:ftJOI’H%?Il% ng% B8Pt'>

generally 5 e ran ference

is given to*d téoﬂn'f'%ﬁperréltf‘ﬁel?lari ke n@er"‘frf‘?(?memI ?ot°l(§’(9°q' in
particul ar PYFATEOLY £60M G0 tP. 69%e andy denparsiieulart feom &dctticoh5°Gaghean

al so be BPxpartialt prefsureofofaithei reartiloe gased iiontyasreddtilon gapreferred
enbodi ment , mikehreed86thOin 032 réabtsE Wndt ed. thé cltﬁ?sh&aeﬂx&f gdshgrgol ar ratio

in the ffeslbr&@e%amtyéfeat%d 3ol Bfat e t&i‘o %ﬂbgn%g@ffnynspgeeio% ably

h
Iclnrt(::ulea[ ?23 gag%? ou?’é&Jbésmn 1t”%t ruanr?gaer %ﬁ%a'aclgl;%é’ t89 1T‘°“|5ref erably in

the range from 15 20:1 to 100:1. The reaction can be carried out at
at nrosphePBbcTheRrosgpe dpsanibgdunekes ddspresiln ¢o2pbebare Hfdeogerssure i s
preferably pexyritié sol@fibrzahaving fardriogeh apefasdiel Boh e Abbve 2% by

weight, preferably in the range from 3 to 25% by weight. The
concentration can be preselected by setting the streams in the
desired manner. The selectivity of hydrogen peroxide formation

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

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

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

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

The invention is illustrated by the nonrestrictive examples
45 below.
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_.The reacti oposepperghure can be in a range fromO to 80C, preferably from
5 to 600C and in particular from25 to 55C. The 20 partial pressures of the
reaction gases in the reaction gas mxture both in the reactor and in the
wcirculating gas are preferably select so that the hydrogen concentration
Is below the |lower explosion Iimt under the reaction conditions. 25 The
process desEFPPRFSmkes it possible to prepare hydrogen peroxide sol utions
havi ng hydrogen peroxi de contents above 2% by weight, preferably in the
range from 3B.tCat2B8%sbypneduditionThe concentration can be presel ected by
setting the streans in the desired manner. The selectivity of hydrogen
peroxi de Gogpgpiiyyt 30 is, for exanple, above 65% preferably > 70%
Long-termtests ™ have shown that no decrease, or only a slight decrease, in
the catalyst act|V|ty and, selectivity can_be observed even after an

operating tPr@ BF OfoPRIRNLINGLE8)sSPIRFePhBaYiREM IWANEELRY RE LFBverbRs a
process formixgdiwithc8peduktdfosilbgon epabidg abrasioegpnvwdenriromgani ¢
conpound conbeatinyg fatsk et 240heuhydrogespRéceptarie Poatdd Writd Aydrogen in

the presgocsu@iicH fil€astwivie peakasl¥sdd §A60E dihy tth% Bbﬁa@{\?é%t whBN&Rt i on,
as descri beQu?Q&\{:?l wéQEFheI‘lfeatr@ll ﬁéﬁe f ltalg% %15 g e ue q:?y
on-c on I ple

dvant t
bonds. " The PR ol €14 CAb L als SEbEEn kit Sroeen D) borls

bel ow. M 4199HIRFODHEASY 780 SeterRipreion |Limihtof g poregvmnetdy aBdCGatBET st
1: 850 m ofustahe Iarﬁe off d5924pnefes Ahaolugion difad@t @rofbftih (M) arkelortideed
with 850181 and Xi hilcof caidendeadbd apydtdchQeEEE ddidainl Pt AtdMgakbasks for 24

hours. The spNenRs anlieiPUINRFhe@Nt seckd tﬁue&wrﬂi‘é | tlsssV\&.;h{érré%r BO%Pta?d
pl ate and tﬁ'@r agl y igut\%gsh@g Loual egv%dhg?assth
spheres are,s u nt y. % 1{1(}9 85s. Spheras

treated had afpofsg' ‘Q‘ Lﬁréoo&élgbﬁf’t% 8r R BF‘ ‘i#) d4892p8r vWme

and a BET %‘Eur‘?%énéF%’ée%thGerEWW‘g aCAdsbvu%ulor?fowamr ngofsuﬂorSﬂgmqer)tly

chl ori de295ahinver( tal sedp ddwovahr bhed dyedr of hi lvsisc spbedes n againobvemtaer is
made up andpésical bdwednimiteaepahdrehglsphbeey! f%s agahar essKEidh PeFdad of
2 mnutes. The sRhieeeprébbduie Ll fepReuh8RoVSNEd v timesl bnef water. A
sol ution of é%f%a eaf gﬁééégnéfg]EE%&”&f*%daggeE%{th QE 9§%E3e%tr?68 mbar.

hydrochlorlc aC| I s subsequen

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

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

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

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

Catalyst 2:

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

M/41404



.20 al l oned bpospgep7bhrough the | ayer of gl ass spheres, again over a period
of 2 mnutes, and the spheres are again washed with water. The entire
procedure is repeated another five tinmes. The activated spheres are then
dried overnight at 750C and 100 nbar One third of the activated gl ass
spheres are gl aced |n a doubl e-wal | eq:%l ass tube havi ng alength of 1 m
and a di amefltfmefer 2r2-mp- e grughenathglpss cophrrasedatoan Heristal tic
punp for cPPERRSYVAIEFYt PRre msa;maeaﬂﬂ & t09er mbéy aance@d BAThstnfadecareagofi a

t he doubl e 0a018 m&/gol uti onof 14.2 g of sodi um hypophosphite, 3032.8 g of
ammoni um chl ori deand47.5 m of 25%trength arrrmni a in 412 mM of water is

pl acedi nt Be;§ 44, 1he Cb Al RIAPHIRLS SeLEDCR OB aRd! g fube b, foat od

to an interpal tenperature rm)sta

sol ution of%%%‘ 1E“t‘ °3j312e?r%#05r° HF‘I%%%H °5F?le of? 9 of

hexachl or op?‘&‘l“?'}ﬁq’g‘ SEF‘G’:E‘? iafd1 40 ﬁ1m30f°fvv§t5§rs‘l'-§er§]=l§‘sé6}m@m4 ylnaédédml of

Vi gor ous eveatRy dgis efldedaanddber sonrhttshefgthe stughereshéametlitat @kgc becone
bl ack. Aftewhife maintesniddeumpgai citculdtabnedh afdlutlibg sphmrengapse washed
wth water s@d@ndﬁ:b@da@ﬂﬁfﬁpﬁhﬁ.a&&tg%daﬁdOg-OIQg rg}arhexé@ﬁi&%pia%?ﬂ%@ t hat
87. 4% of thg.ayaid ahl &) pad _I‘ﬁ@e!ﬂnléngabs "éhgkaihe JHed! LREM GO AN, PO
deposi ted o?h e suggort cog%gﬁ eI sY fePertedNSPRLS

further third o %C??‘V‘aﬁ e5° ?@t" Batortimutag F?H%ﬁ’i’?alal I three
portions ar%“?ﬁ"klé‘&lPB PphEeTCat BLYStes, thgt Algaid ds dysimedigindnithg and
activati on swpHentied eatkhlwdt ddi wasked wicpewd ek aThedestaliysad ikor Catal yst 1
usi ng sods-subEeqyleas sy s@hiicesvharidig: atMr4dd hd0000/ a2 124 Hbé’éﬂﬂr%r of 2

mm The roug&qwéa%ésﬁwﬁ%h%%é badl @ léﬂre@ﬁ%/ @ﬂ@té ﬁﬁrx%fi\/?h acetl vat ed

0.005 m/g gpd t§ s rea of 0.018
gl ass spheres are Ef’[%cég I'n t & coati ng tube. A sol ut| on of 32.4 g of

sodi um hypoghosphl te, 72.9 g of ammonium chloride and 108 ml of 25%
strength a 1¥Stn3540 Ml of water is added and the contents of the tube
are heate@ to 42C while maintaining punped circul ation. A solution of 542

mg of 10 solimmndtletsasphenfeapakéat@igheded 2ndxnddivatedexacddser9pbatidy C
acid in 17 edtafyswater is subsequently added and the contents of the tube
are heated to 4600 while continuing to maintain <circulation. After 5

m nut es, hﬁ({ ? s drai, neg the upported catalyst is washed with
water. The Tat & 8 1:28 5B %E SgRRECP cirer AL ghtd 0 FBE SPREHWD nbar .
The proc%ﬁu‘?'@e Pepiatany ofwl 68 ’Pﬁ) &ﬁﬁl‘ﬂlhetettmaéblwnalé@glaaeeam xed to
gi ve 0.70 mg of hexachloroplatinic acid, 80 mg of disodium tungstate,
30.6 g of ammonium chloride and 45 ml of 25% strength ammonia in
438 ml of water are added and the contents of the tube are heated
to 42°C while maintaining circulation. A solution of 13.6 g of
30 sodium hypophosphite in 14.6 g of water is subsequently added and
the contents are heated further to 46°C. After 5 minutes, the
solution is drained off and the spheres are washed with water.
Subsequent analysis shows that 88% of the palladium and 39% of
the platinum have been deposited. The procedure is repeated in
35 the same way using the other one third portions of the activated
support, and the three parts are subsequently combined to give
Catalyst 3. Analysis indicated a palladium content of 180 mg/kg.

Catalyst 4:

40
The procedure described for producing Catalyst 1 is repeated
without the hexachloroplatinic acid. Analysis indicated a
palladium content of 115 mg/kg.

45
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the catal yspogapghgegz. Catalyst 3: 20 1 nm gl ass spheres are roughened and
activated as described for Catalyst 1. 270 mM of the activated gl ass
spheres are placed in the coating 25 tube. A solution of 168 ng of sodium
«tetrachl oropal | adate and 0. 70 ng of hfﬁﬁcm oroplatinic acid, 80 ng of

di sodi um tungstate, 30.6 g of anmmoni chloride and 45 m of 25% strength
ammoni a i n a8BYAt 8f water are added and the contents of the tube are
heated to 420C while nmaintaining circulation. A solution of 13.6 g of 30
sodi um hypophegphicedura désd itpedf font@rodusingbserilant! 3 asdetheandd &hen
contents ar emiwstcrd ofUthdefodghest®fy AdR! rhali sl 6hdibREed SO/P418A: ik

drai ned off c&%&é‘%fSET@rrﬁé/ e washed with water. Subsequent analysis
shows that 88% of the palladi'umand 39% of the platinum have been
deposited. The procedure is repeated in 35 the sane way using the other one
third porti®®s29% Ré activated support, and the three parts are
subsequently conbined to give Catalyst 3. Analysis indicated a palladium
content of 186 prydedurEadedatibed: fort risacphgcesimgsdescid hegeherdpriqguci ng
Cat al yst 1 te rfiREALEBMwad AdiUbnbhendieXRERLALOP B 'bﬂlthQCéébh/ig\ g@&g

i ndi cated a :i%_ag [ ent of 115 ng/kg. 45 M 41404 0050
Cat al yst 5:h eéplﬁ%ggg]u%%mdescri bed for producing Catalyst 3 is repeated

with omssion of the roughening step. Analysis indicated a palladium 5
content of 2A¥RINFtkd: Catal yst 6: The procedure described for producing
Catalyst 3 is repeated, but 10 the surface was roughened not nechanically

but by eush22@ msi blf gbysk afpheeeschaeiny aCatahetsdr 6f 15mm20dMroQhhhass
spheres havipg #+dvaged eds YestriFedr & @deheped 1.a&ﬂea§&é @Hedgas described
for Catalystyleoqlee3YDOOLLede® inSURESAURTLLY. (5 Sated L %%u%i%oaagng tube
with a solm r}aqo i 7&(2)an of‘ﬁéf ,ec{(;alnum ghi'or da“3nd 3 Of °25% |
strength anhdhia™ RL2B6FATGR GRIRTIUmanHell il o 27E SHHaNgthaPWRRRIF ng 20
ci rcul ati oni? #2&omit pHrvaser2epdnbedieds 3@ anfbotdApdratntdiming M of water
i s added2Pncimenlpgidthonks . soifuttépn 20f rA0fungsef tdmimmnbendlsydride in 10 ml

of water is added in two portions. After 20 minutes, the contents

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

circulated for a further 15 minutes at this temperature. After

draining off the liquid, the catalyst is washed with water and

25 dried at 75°C and 100 mbar.

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

30 Catalyst 8: Comparative example using a porous support

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

The procedure is repeated once more and the two parts are
combined to give Catalyst 8.
45
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.of the tubeopse/Bagloed to 40C and the reaction solution is circulated for
a further 15 mnutes at this tenperature. After draining off the |iquid,
the catalyst is washed with water and 25 dried at 75C and 100 nbar.

JAnal ysis shows that 87% of the availaeég rut heni um have been deposited on
t he support. 30 Catalyst 8: Conparati exanpl e using a porous support 375
m of a- aluﬁﬁﬁﬁﬁyﬁklde spheres having a dianeter of froml to 1.5 mmare
activated with tin and pal |l adium as described for Catalyst 1. They are
subsequent | yopl T est isphthes tmhie bEagtfuRtdd3btésended nai g das @lgut i on of

41.9 g of agapaéﬁmé‘t%%bﬁ@,véﬁm@ 8£06 . 0 5101 Y QM&O&J@%%D bhe r@% gt of
25% st rengt

Vg ? yéﬂé% gg ggte L utlon of
346 ny of sod ? (Ag% ad F ﬁex Fﬁfl
acid in 13 RFitgg PEl & ?W&P?ﬁﬂﬁtéﬁtgg%ﬁrﬁh?é FBBEF%%@%ﬂHéaied 40
to 40C. Aftéfoimt rﬁfnGPEsécwéaqqdqﬁpaelr%s e péaced fimtdet peatigw al yst i s
washed wit hreatesr. Rféepraddihios pf a epelattédnonfel Sukr ¢ afidsddiint WO parts
?nre fcorrEi nagipcblﬁhcg;'phg;éiat aiuiygStg %;E 41&an111:\48%1895&¥ 5;%6%522161@6 glsgst 9: 700
of spher gsr&ksid: AhmOh2NURIRY Al €4 iR e a¥hé‘gcdarﬁ Pfa@/g‘zﬁ&é’ pore
vol une of 0, d rface area o aving a
di anet er g&ilihégge% g 29043'% ?g malnwatlﬁln%awng)(ﬂ%ﬁlﬁﬁ‘lqﬁ?'%@é’ ‘afid tin
chl ori de assaé’éfc’rq“oé’é P?)r‘l ag af §Pd3_tum tergaghloforaidadatevantd -Spheres are
pl aced in t RexePukareglat briq @CldAttnea mld ¢ift Wahenfis sybbequentlyf aded g of
sodi um hypeptogphinigtudd . &5 giotudavedifimtbb orafierand fiZnidesyf tB&% 10
strengt h 13nmgi e i3 900iMdd AJrryatrs, cdd yeent enfasrald Len eAGOhint &1 €
heated to 29L.aMid gaRE LA raﬂgdpygp%icchmg} ar%écﬁ%e A%ré%d#e' oR,Qf 83.4 ny
of sodi umts&g&c %rggal_% aattg g e g n% Q. ro$ atini c aC| din8
nl of water ubsegtien ded c and t A8%m utrwe° POTEL PR3 &P 0r t her .
After 15 mﬂh’f c’tﬁéV?LSC? HYSE Ps %ﬁ*%yﬁéa BF?WS thetc 8P4l 9&tthes washed with
wat er unti | Pa}}aciugr agd) %%O%aﬁﬁ #he el atrinpBChaveldreenedapest treonutke The
pr ocedur 80i supmpdat ed once nore and the two portions are then mxed to
give Catalyst 9. Analysis shows that 95% of the palladiumand 100% of the
pl ati num haygr bggn dgposited on the 20 support. Catalyst 10: 700 m of
steatite spheres having a dianeter of 1.5-2.5 mm

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

25 (having a pore volume below the detection limit of Hg
porosymmetry and a BET surface area of 0.005 m2/g) are treated
twice with palladium chloride and tin chloride as described for
Catalyst 1. 340 ml of the activated spheres are placed in the
coating reactor. After addition of a solution of 18.6 g of sodium

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

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

40
Catalyst 11:

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

45 detection limit of Hg porosymmetry and a BET surface area of
0.029 m?/g) are activated with tin and palladium as described for
Catalyst 1. Half of the support is then placed in the coating
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.25 (havi ng gov®ss1¥esune bel ow the detection Iimt of Hg porosymetry and a
BET surface area of 0.005 nR/g) are treated twice with palladiumchloride
and tin chloride as described for Catalyst 1. 340 m of the activated

Spheres are placed in the coating rea(gt or. After addition of a solution of
18.6 g of sodium 30 h ophosphi te of . ammoni um chl oride and 62 m of
25% streng’fer?cé'r?ﬁon?a(? /f 8- *Mteﬁ spfie AyPeRhesRititehe 4leBcd f are
heated to mqmpmecmmd@ nhdgﬁbuﬂp@d @b et zanigsh. apmomi Ui 6A0 ahl 8F 4 ny
of sodi um twetreachboadged laadatbe atthten®sngf ofhe evaebt caraplhataik Bl Ctaa@@ecl N 8

m of wateraisp1aubsgasenideym dg;eds&ﬁuaan@ew@cﬁmdﬁwahaéa@ ol at g ﬂ.ﬁadﬂther-
After 20 gi gt %aacai&o 1atihdcl o U n%?@g %esalgél's/ Jscfefi@ryed W th

wat er unti | ree reduce ressur The

rie
procedur e jad gp‘e"gf’ Y| “b%cf%aﬁrﬂ?’ég Pdw&’ﬂ?hs Jtdﬂ“l ofEter & & SRV x et o
gi ve Cat al yRlutdon ps (dfadingds off - ant dhgy e\(w appsofredraadedr whth axatrardat es
havi ng a di®heetserond halfimmfahbe aadteivgttdo$ugpdrtmis ( hewategl svipbr ehey Gamee
‘bel ow the 4hettdcatsi o daseirtibed afgpveoriasy nEeidnedandask BRE thUEhackiaga Of
0.029 n2{@)beiigy aciived ed Wobh £ nn aacnds@@ﬂ 'ﬁ@' Hgtﬁfy&e%%r tbed %e% talyst
1. Half of } wgggg&)r,#lé lggp oat| ngdl\gf_’ll404§ lsi) 92 27
reactor, a so S i) § B‘F osg n| um
chloride arfth g 91&6?]7'2% ‘}?Wé Afa

Vgé?]gﬁ ngbdeppeigtls \R&f’érb"r‘%“ added and
t he cont entdeRoEitad q%%ﬁtav@lmemawes mlcaAesoﬁ‘- \R&1d.adéfim e tregrtof

sodi um t et refcRIB6r vpakdadate and 1.43 ng 5 of hexachloroplatinic acid in 10
m of wai®r is subsequently added while maintaining punped circul ation.
After 10 mdula@gstcthe, solution is drained off and the extrudates are
washed with water. The second half of the activated support is treated

wth the saaglg) fncals as.described above in a stirred flask, with the
m xture 10 Hei % ¥ "8y PEL 1B PE frPalYamide fhéué’é’f%ﬂ‘%t B3sE¥pm(BASE] of f

and washed Af)t Kbakirg 2 pPezet volyke belaveths xdeteghionriigdtapf5BC and 100
nbar. An0 yEirosghoewsrit ad ehBETGhirfaget atsa v @ . D222 /depase t&tkivated
quantitati welth tfnadybigalindientas despalibedlifon caniBpr 10f 2265:“1713Jﬂ<%e15
Cat al yst 1%¢1840sMhrOfp13c80 PRl o8t iRy p&lﬁéa”hdSoﬁTt(Mnt '6@”9 63%3 from
BASF AQ) Ja%\ihgghy% FphRLUTR OF %hsagoﬁlgg\t ez 1dE and f329
porosynnetrég rengt ammonlgeléﬂf%% ml of water é added andlghe contents
25 of the tube are heated to 45°C. Subsequently, while maintaining
pumped circulation, a solution of 137 mg of sodium
tetrachloropalladate and 0.52 mg of hexachloroplatinic acid in 10
ml of water is added followed by 67.7 mg of disodium tungstate in
5 ml of water. After 25 minutes, the solution is drained off and
30 the pellets are washed with water. The coating procedure is
repeated using the remaining activated support (in 2 portions).
Finally, all three portions are mixed to give Catalyst 12.

Catalyst 13:

35
750 ml of 3 mm glass Raschig rings (having an Hg porosymmetry
pore volume of 0.036 ml/g and a BET surface area of 0.034 m2/q)
are activated with tin and palladium as described for Catalyst 1.
One third of the activated Raschig rings are placed in a

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

45 of water is introduced into the tube, the circulating pump is
switched on and the tube is heated to an internal temperature of
46°C by means of the thermostatted bath. A solution of 250 mg of
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wth tin andopolbagpgm as described for Catalyst 1. 240 nl of the pellets
are placed in the coating tube, a solution of 9.6 g of sodium
hypophosphite, 21.6 g of ammonium chloride and 32 ml of 25%strength
ammonia in 160 mM of water is added ang, the contents 25 of the tube are

heated to 45C Subse uen whi | e mai'nt ai ni ng unped circul ation, a
sol uti on of Sq&HM Bi‘x‘?%?ﬁa]tl@fif’”é%lﬂr%f’rc} 3l T“So%‘%)é’%ﬁ‘& hgoxopiaf ighc acid

hexachl or opi&atiti é?él vater 1e Sﬁbswumlé’r afideddd&idiorol ogweall uhyiof7o0¥ ng of
di sodi um t uggstatanrisnand the gflagat eingsAfimmed25telneedmet BEacil WiFk@A 5 S

dral ned of fmameted) the peqlef SsabeadRsFeM the WalRfs afBewshald @QtHrocedure
repeabeﬁ é%l Gt Bﬁlé&f@}&n@ghécéé wastoedaﬁam% Qk” eo%retaa#:gﬁg

F [y, t 13: 35
7|58arr1 yof BPIFr?n%gﬁ;re lﬁarec% tae:dle}’% %n? h%vflo &‘Sﬁ r° sS‘z A55VahBHe vol une

of 0.036 m PYP S3BRT %’Eﬁ’f ddaa Héa L G 588 PRTYfPnsapEe deixedatedIiwe h tin
and pal | adi Gatalysteddri bealysds Cnditatss B pabhadium cdnbént hef A66i mallegl
Raschig rings are placed in a 40 doubl e-wal |l ed gl ass tube having a length
of 1 mang eatdpmtes:of 2 cm The glass tube is connected to a
peristaltic punp for <circulating liquid and a thernostatted bath for

heating via_the A sol ution of 15. of sodi um hypophosphite,
3571 o7 of “Ab A PSR LTS aRe - SRR ATe st g AnS ARIIACER @30 | 45

of water is9¢3iribedcéarittelyre Lubkl5 tHeofi thelantiivgtpdplass sphereshed on
and t he t ubare plasateiint theairoanirg naibe.eApectttian of 646G wf sedhsmof the
t her nost ast kgbdifidsphAtepl 18.i308 6f AbniBmOEh MAHH04nQ029/ 5l 632288 sodi um
tetrachl or opaddrRftat emassial ik PB8Oh1 W%%Qrpéﬂﬁdela' Gndcinh do%tégt@%@f
vater s supseclipal by arﬁ%q&aﬁ{bgog ghyi W18k ai 087 Hoded anc !
S b L e

| d
i ned of ¢ 'Jf"%@*ﬁt?%es 3 3P URkdAB < EP LA SF R adAter5C

and 100 nbain 3Tﬁ3e“‘éoa¥|Y@terprlécéﬂleﬁ%lqe§tllépé%@% anei RgMped Wwirgulation d of

t he acti @8t &8l cankipoed. guttert ildemifitesl,| yheal iquikk de Pgoatinesnefdr andritted to

gi ve Cat al ywipcktedAnatybist iiBdwasiieas wi thavhesl Umheopkeatystf 1855 ng/ kg. 10

Catal yst 143,k duieft 15 0@drdd megbp?& $RNOEES Al 1bauUhanedrandogactiyat ed as
descrived ot abiol pelael la Ul (s e spllstes ok, A5

in the coat

of amoni unt qﬁe] gk dsnﬂnfg"ezé“’% P@Ft J?oﬂ% g?r’@ ‘ﬂté’nﬁbﬁ?a tn"‘ lyss H o"? Shat e
i s added28ner}idispneentantyPef £he ?%Y&Felﬁa?ht“@/md at 25C while
mai nt ai ni ng punped

Catalyst 15:

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

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

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

40 until free of salts and dried at 75°C under reduced pressure.
Analysis shows that 60% of the platinum have been deposited on
the support.

II. Use properties
45

The propeties of the catalysts were tested in the direct
synthesis of hydrogen peroxide from hydrogen and oxygen (Examples
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.circul ati ongo8oysliylgion of 38.8 ng of sodiumtetrachl oropall adate in 3.8
‘M of water is subsequent |y added and punped circul ation 20 is conti nued.
After 12 minutes, the liquid is drai ned off and the supported catalyst is
washed with water. The catal yst is %gequently dried overnight at 75C and
100 nbar. The coating procedure is repeated using another 115 m of the
activated gFaskC Eherdd, 1anthe hydraBeprriaroRs Arethybasghraaginanecand| yst
14. The 25 baﬂra@ﬁmr@énvémobf(ﬂthpéafé a#3fstandsEZL) ngy/ kg. Catal yst 15: 100
m of steatite spheres having a dianeter of 1.5-2.5 mmare 30 treated
twice with pahhgridimichboshdezang1bi neshlLbikdce 28X I85E Ched, for Catal yst 1.
The activgted spheres are placed in the coating reactor. After addition of
a sol uti on f 4 nglm% hexachl oroplatinic acid (as 1% strength solution in
wat er) , nium chloride and 32 ml of 25%strength amonia in

35 220 m of wat er, the contents of the reactor are maintained at 24C

whi | e mai nt ai dpwlepmadédd creatticat hewind\ &vlinteonabfdiddetey of 2.90dmuand

bor ohydri deai DerfgtH of 2wt &8 dhargebseipemakyulagdeer, Nt oo dmer hi pASsAe t he
mxture i1p E'fr§®”b°’éred af B6iheion At 8r gAD J¥ @HB@?horfch%c1hthéj 1% !]_ngP

75C under 1 0 %ﬁ‘* polfsheci! aQF—W?r 8, ko, Said Bk %%nﬂin' have

been deposi FEBa ?)o‘?atte I°¥ i%é“]prpﬁﬁep??res At4§h?h%anﬂﬁ i€ ed of the
cat al ysts wlBistygssafd 3ﬁ‘n°gHeYC¥T°|96§t ang\Anthedi axyderhyidr ogerulrtresixbste from
hydr ogen andeaxs geh a( BEranpdras eelsét 40dr GHOLRE 782t 2F s tEbetl of ok thandop n t he
hydr ogenatsi aBwibardt a&:hyl a&ﬁ&mqunnom%mﬂarhy@mdeméd@abl ﬂﬁmﬁle Exarml es
E)%gnglng EZ,%\ e ?I foat® &nq}”gl lga@%lggoﬁﬁ?éeﬁ er @g cm and
a length of 59% I's I\(I:V% &q%ésea}—l%'ﬁgCaF #’ minegdy ’21% Jﬁﬁae ’rt&g Fel J.'L% of 50
bar, a sol ufPfoh tc}’ferg‘ag/ ORFUHHYI KPS %F&rdogﬁra Whighyg/ pmatl sibatsgen

bronide in Wwate#sses ap| B%CB%%SFFPEIRW through the catalyst bed at a rate
of 250 m20per hour. At the sane tine, a mxture of 3% of hydrogen and 97%

of oxygen i shéiamdinat 8 hydrdgeansonéuredidy €REPF&ERQbNT Bb%{ﬁh:dg@ﬁ cat al yst
bed from t hgetopidkd sdapyedd it carbai S f}QﬁkOQhétn@a@@a&g ‘% Ehengas
m xture is gggggraqjtdeq_rgx {@ea%sffoga;mgth;%%s [ ow neters rogen and

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

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

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

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

45
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oxygen. |tsop8gp8ihgeon is determ ned and adjusted with the aid
conductivity detector over which a small

t her nal

substream

of a

of f-gas stream 20 The anount of hydrogen consuned by the reaction to

I s passed as

hydrogen peroxide and water is calculated fromthe nmass inflows of the
gases and fromthe off-gas stream 25 e product mxture |eaving the
reaction tuBaPig ]separat ed from the gases in a separator while still under
. . " " H H H m amcoce fln i
pressure ang—rs-rtiseharged—f+ "'_“V Frass—H IS
bal anced agpl st ggwteaxlfyééciiﬂﬁé‘z SR Ent H29n the
liquid prodhct i K Wet er ni §m§ ﬁﬁ £09) v ngeaseRn
hydrogen igs| cal cjil ated fr L é‘lﬁ/ t he E?B+%e1
per oxi de coptentland the lappunt ! of hydrog e’gﬁa é- | e eld
i s given by|Bhe phount qR5Bydr p§e40der oxjidde forjfdd pef5&nit tijde.di vi ded
by the vol upg 35 pf 690 fhsef chigdyst DEY N (gt UDE[gFactor | 5Xgnptep 1
to 9 and 1llrte—3p—and Ccr,éf‘rati e Ex;rrp!\, 1+0—were—40 c‘tppied ogt—usi-ng—h
met hod anal dttous|t o ExammP8%1. T8e59%actildd  conditions’and reddrfs of | he
reactionjgrgEsunpari zed ij80Tabl 104005 M|4bP404 (6B80/ 51§92 30 Tabhe 1 5 JIO
15 20 25 Li g 0[S TTOW[gghHec- -T HAQZ NOgqrat ypg;  Tow (Stamdard] T
(Otivity i pe—eopeer—No-HH-A)4R 04 gion .
E6 |2 250 10400 40 69 55 12.5
E7 2 150 10400 40 65 48 16.9
15 E8 3 500 10400 40 59 61 7.4
E9 3 500 10400 50 52 88 10.1
CE10 |8 500 10400 40 58 8 0.9
El1l 10 1000 10400 50 84 91 5.3
El2 |10 1000 10400 55 79 103 5.9
20 [g13 |10 500 10400 55 72 96 10.2
El14 |11 250 10400 29 25 25 5.6
E15 |13 250 15600 40 65 34 8.2
El6 |13 500 15600 40 75 37 4.7
25 |E17 13 250 15600 50 60 44 10.4
E18 |13 500 10400 50 79 33 4.2
E19 9 500 10400 40 90 43 5.5
30 As Comparative Example 10 using the catalyst 8 which is not
according to the present invention demonstrates, catalysts on a
porous support as described in the prior art have a significantly
lower activity than the catalysts of the present invention.
35 Example 20: Hydrogenation of 2-ethylanthraquinone
A double-walled reactor having an internal diameter of 2.1 cm and
a length of 2 m is charged with Catalyst 4. At 40°C and a hydrogen
pressure of 10 bar, a solution of 13% by weight of
40 2-ethylanthraquinone in a mixture of 70% by weight of a
hydrocarbon mixture (Shellsol®) and 30% by weight of
tetrabutylurea is allowed to trickle continuously through the
catalyst bed at a rate of 2700 ml/h.
45 The hydrogenated solution leaving the reaction tube is separated

from the gas in a separator and discharged from the plant in
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(g/1xh) (% bio59781942040615813. 1 E212501560040656313. 9 E31500156004171779. 4
E415001040049649511 E52500104003883617.5 E622501040040695512. 5
E721501040040654816. 9 E83500104004059617. 4 E935001040050528810. 1
-CE10850010400405880. 9 ElI'| 101000104005084915. 3 E121010001040055791035. 9
E13105001040055729610. 2 E1411250104002925255. 6 E1513250156004065348. 2
E161350015606698 6 £PF™ £17132501560050604410. 4 E1813500104005079334. 2
E199500104004090435.5 30 As Conparative Exanple 10 using the catal yst 8
whi ch i s noknabysior difnghé codtmtpsesenion Myeh OBhHRIEYISEBBhESindidkhabiSis on
a porous SUBﬁ@éﬁsﬁﬁn desgst hath ansthecPriidy skt ohae ;3 §bE§ééd Co%“t ! y | ower
activity thapgt Egrg éﬁlﬂbﬂg present Yi nvent i on. anpl e 20:

2-et

Hydr ogenation o aqui none A doubl e-wal |l ed react or haV|ng an
internal dianeter of 2.1 cmand a length of 2 mis charged with Catalyst
4. At 40C aR¥amPif SgBRIreReIssire of Mnulnedehyarabinalooh of 13% by wei ght
of 40 2-ethyl anthraquinone in a m xture of 70% by wei ght of a hydrocarbon
m xture (Shehtsbistr 1 ans2 3 kygeehahtwiah nyefds@dawbmiﬁam& als| pygLed O
trickle qonthnuQusiiethaouah ddbe nepld ¥olibRbedl Jt HALR, Ody TEARSTHEN. 45

gac in o Sont ‘gpﬁ%ltgtb Shahe ng %‘?ld FRE bl odall aren oS ERR ) F§1r78r2n the
l'iquid for 1 aﬁn ofatt ﬁ °5%Tﬁﬁﬁtl§’8?6t'ff&ﬁ?°@§lpﬁé§ ehridPatofriapny

i ndi cated a®3e® rﬁﬂ993|8heoﬁceﬁyﬂﬁahﬁ alaghadc i pvhygragfeng9edoseé n respect of 5
2- et hyl ant hhydisalrioqdpabnat Exanpees Xin ddper ofensiloandfa selectivity of
hydr odehydr sl 9gsal ool Catal yst 14 (152 ml) together with

hydr odehydrol i nal ool is placed 10 in a double-walled tube having a

di ameter of 2 cm By neans of
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.appropri at egpsgpsi7iohe |iquid and hydrogen are.circulated at 1.1 bar and
800C at cross-sectional throughputs of 200 n8/n2 in each case. The

acetyl enic al cohol is hydrogenated to hydrolinalool at a conversion rate
.of 15% h and a selectivity of 15 > 98% 20 25 30 35 40 45 M 41404

0050/ 51792 32 we claim 1. A process f 2 produci ng a catal yst conprising at
| east one 5 platinumnetal on a nonporous nonnetallic support, which
conpri ses aWeigkaimg t he support and el ectrol essly depositing at |east one
pl ati num netal on the activated support by bringing an agqueous nmedi um

conprising at | gagtoddss GeRPPHSUhcidy ANSaEAIHLe%ofbr fs il AkikNuSaIBtAe and at
| east one gr educh g 10,GERG1T O & GRALBELuI AdhekRE1 PUPRAITGrE, fhRIOCESS as
clainmed in claih1%c wherein.the su rt 1 s .activated j bel hg. treated with
a reduci ng agen?owsfssﬁf:?lv%ﬂ%g %P‘St PRRRA e Al S 18°9 lﬁsﬁhﬁc%%@%mg
claimed in clai ff 119452 OnghRt & HUhaesabon ttheydetivated supepst himt eri al

sel ect ed from ahbbogioer am equemtsemedisn cprgusiedingnat niedstr ese t dmupeahd 20 4.
A process as cl atn@tk icomplyx0bf thelatenadlinkdadl ahdbat VIRIERI Bne thRIuTUREace

of the sypport E?eﬁ@%ﬂ%n@gnf?&é@rwittﬁ tRhe s@fdoryation. 5. A process as
clainmed in any of the preceding clains, wherein 25 the support used has a

mercury porgqQsynnmetr ore volunme of, not. nmore than, 0.1 m/g. 6. A process
as claimed fn aﬁypﬁ‘%/cqpﬁ?eaﬁr%%%ﬂ?et‘?g o ‘é??fsm ]\ﬂhé’ﬁ"ﬁfﬁl‘.‘ e 3&88%'% YFedi um used
for the el ectroPeskVai@sodt PotrBFreateferitdo@prrdesing ageast amhed cedpound
of a nmetal of ofanglatanugrmetrls, 7 or 1 or the iron group or of bisnuth.
7. A proaggss as clained in any of the preceding clainms, wherein the
aqueous nmedium gsgdhddds hBEc B4 Hfdd Qhes$a AL POVt b ON iy Jir ?thﬁrs@gimlft' ses at
| east one l'gangs¥$"f§15 ﬁiﬁgp !ﬁ%t%&iaiog%g§EQeg £28 '5%84@ E ém' pratinum
nmetal. 8. A proceSs as clalned in an%,of € preceding € ar s ™ her ei n
materials, glasses and mixtures thereof.

20 4. A process as claimed in any of the preceding claims, wherein
the surface of the support is roughened prior to the
activation.

5. A process as claimed in any of the preceding claims, wherein
25 the support used has a mercury porosymmetry pore volume of
not more than 0.1 ml/g.

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

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

8. A process as claimed in any of the preceding claims, wherein
a reducing agent having a standard potential of not more than
40 +0.5V is used for the electroless deposition.

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

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



.a reduci ng posoyshagpng a standard potential of not nore than 40 +0.5V is
used for the electroless deposition. 9. A catal yst obtai nable by a process
as claimed in any of claims 1 to 8 45 10. A platinum netal catalyst
conprising a nonporous nonnetallic s ort and a catalytically active
coating applied thereto, wherein the Catalytically active coating
conpri ses di scr BI&- 3o rstadParticles: PaliAdedt BPapRastdicds Aimet§rackean
particl e di amet égspfthanegboythah vabatmolikhzednobi the eippert heusigneor t
surface. 11. The use of a catalyst as clainmed in claim9 or 10 for the 5
\%dr o_genatgi on. ofhé NWegaki & @Légalgfsgaaisccmmuﬂﬂseléﬂn oTke !1'_66f<%f Otl:%leai m 11,
erein tge inoggan q i C r i n hydrogen
per oxi de. 10 135 A 6&€%gg§9for’6§§8§?§§dﬂkggf§é§%§gér f@gggby di rect
synt hesi s, which conprises_contacting a catalyst as claimed in claim9 or
10 in a |iqtfd TMRRUIYSS Rft Ry ddn HRETiRitdgennoagenic srppeard 46 cl ai med in
claim 13, whi chnelagwliagesxygemdiongbtasn thrsdrogenl petoxiiges contact with an
‘oxygen/ hydrogen m xture having a mxing ratio in the range from about 5:1
to 100: 11pn132 AlpgprdcdseedbtBrebarifgPhp&@sent BerSAidd Wy air&suction by
reacting an i nog 518" wl% C rcg)ﬂ'ngﬁrgsgg%Qﬁggtgggtfléytggyg‘{: lseacﬁtaiong
hydr ogen accept o rQup W t ydrogen 1 n the . presence of’a TeastOn
TR (P51 80P 162955 megiln WeFlyoxygen and hydrogen.

14. A process as claimed in claim 13, which comprises bringing
15 the catalyst into contact with an oxygen/hydrogen mixture
having a mixing ratio in the range from about 5:1 to 100:1 in
a liquid medium.

catal yst as cl &}

15. A process for catalytic reduction by reacting an inorganic or
20 organic compound containing at least one hydrogen acceptor
group with hydrogen in the presence of at least one catalyst
as claimed in claim 9 or 10.
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