0050/ 5292790507829299* Supported catal yst consisting of netal of the

~-pl ati num group and obtained by neans of controlled ele sition
5 The invention relates to a supported platinum group Qﬂm"m @ F , to a
process for preparing it by controlled electroless depositron an

"process for hydrogenating inorganic and organic conpounds dé"‘sﬁg t he
catalyst, in particular for direct synthesis of hydrogen peroxide. 10
Supported PUpROThE® groapyseteansdatany fs metelusEdthen plasgnousyraupesndal
processes, obtajred byuhaand arf lpdtogElst ielgcitpolgadidepasdt i®m gani ¢

conpounds, and have attained great technical significance there. An

i ntensivel ynhi rg/rg,%tnLtgg},egei L8Nal Sy elgS Qfmnfiérgg the direct
synt hesi s of rogen peroxide startl ecu gen and
hydr ogen. ereY Ar'e °8 nge%v%cress 5t ﬁl%’&eé%e‘rm@af'gv tqémtﬁ&]l %%?‘er"ﬁtéﬁlﬁﬁl vity
and sel ect AEPRSAHION ARASE? A ATPERSANEPT & P%WH@eH&PF%%lC 20dUS
6, 168, 775 desarideompopnds msialg the atapmtlystor in hpantiicedar fomrdigentper oxi de

synt hesi s. sgntioddie o€t Ayd:ssddn pekokids, is mixed wth the solution of an
ionic cqgtrol polyner, for exanple a polyacrylate, having a nol ar rrass

bet ween 30 0 hydr ogen .bef ore or

i mpr egnat i % X Qi g g@lﬁlﬁﬂ %qph&gg%ﬁlc%%t\(%nrl]w earceat%af“ds%% BBEAR Had | n this
way are saf “L”CF e rﬂﬁ?%ﬁﬁ% Gr PATFI5H A §PF|B¥H‘F%“&F1P%e1WaélﬁE%%§ on

t he suppor Pr9HHE COMPPYRdDr éidi hpve ttdined gfeay yrechnicahdispificaneri/ or
220 cryst bhexay Aacastems ived ys intestl ga3dVeagctidmlis whyt hiss ampplnedst o
suppor t 45byhe| dintect! 8g5LIRNRSEI Bjdrodtns @ek 6% £dd et ar@ing atradtatyide
deposi ti ONexyddn @MANRYErodeir.AtHeBd Sar32nda6bidaS AiREGCES {tQnyREEPAr i NG
support ed n&al g wShy T"&’m ccg, End LS IYRROM fool el el Wl ) 1,8 Sol uti on
of a salt o catg tlcaJ] active meta & a Teduts ng agenf1 35 and an
el ectrol esgtlﬁeerp dFPgﬁ e catal ytical |y active metal is achieved in
this way. WO 00/ 59635 descri bes a process for preparing platinum group

met al c@0aV§sh sl68n7iiet d¢ddmibegppobles matalwhathlydts ferathe slid@cdeposited in
the form ohydita@neberpridd GydthedDe. depobilli Metdls satf 861 @didn 99 Afk&flueous
medi um i n Y e HeN8oRh AL WP GhoUPn I I @htrbE HRIRR, €Sy Cé)JEHMpQé Lorm and
has a pH Oéo{ggé%ylggg 4hav:.ng a molar mass between 300 and 8000 dalton and

reduced with hydrogen before or after impregnating a support with

25 the solution. The catalysts obtained in this way are said to be

notable for a fine distribution of the noble metal on the support

and for preferential formation of crystals having 110 and/or 220

crystal surfaces on the surface.

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

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

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

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

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

catalyzed by it may be increased. Furthermore, the platinum group
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It is an olyogyy/sdedshe present invention to further inprove the 45
-activity and/or selectivity of the existing platinumgroup netal
catal ysts, so that the space-tinme yield of the reactions catalyzed by it
may be increased. Furthernore, the pl aii num group *@00002* 0050/ 52927 2
“metal shoul d bﬁ fi rmc%/ anchored to the su(gport, so that a long on-stream
ti me under "F&EGhafPAHT SBr ESEMERRRANOGSHet Act S FEAPOYR 1B &PAbURCIAAL thi s
obj ect is &ehEEyeam Hhime yngeporriechanicplasirpan groupleethd achiavgdt
obt ai nabl e by controlled el ectrol ess deposition of at |east one platinum
group et alyef hgvé foullRPefht | etmssqiﬂabbeniwu&ne@gapw Sae%ulci)poi\?a)a& cast one
onogene p o) ~.Li) a reducing
agent an?Ji%:llxgtl (e)&afsé)t%%oﬁ%?%%wa%’ggf%%@és%aéb&% 8%%%%5&@& %acids and 15
het er opol y&¢F gr%,efhsl SRR Tt &h A Gﬁ] FRTY IRPEN Bf F Uy STEQH2 BRTRY 2% um or
their salt$ 9¢RESITARMEPIRtLPR hishafePE{se® process for hydrogenating
nol ecul ar 1 norgani ¢ or organi c conpounds, in which the conpound 20 to be
hydr ogenat ég i atchessicta® hWohbgdrysbuzdendisss hedpeaeingn Qfrouphfe€at al yst
according to thkempsygation. It is thought that electrol ess deposition of
the platinumgroup netal onto the support in the presence of a dissolved
| sopol yaci d.25 and/ or, het er opol yaci d achi eves a nore honbgeneous coati ng,
i.e. a noré uﬁiF%?%?HF%FﬂFBgt?%ﬂ of the noble netal particles and a nore
uniformparticle size on the support, which leads to an inproved activity
and/ or sel édtii) aitt yeastheneorogenel tagent tbkecteat ifmgmnbgopdigachdesindyat ed,
for exams e, Whebeitolaiadial 6¢anitpilame! esi#0mm3OmBl FhRSHRNY tARG QI X- 1 ay

phot oeni ssi on $RACTARRHARY of ESENr shi€si sopol yacid or heteropolyacid is
derived froman elenent selected fromniobium tantalum nolybdenum

tungsten a vanadi.um preferably from nol ybdenum_ tungsten, and vanadi um
nore 35 pr g?‘&r ?i%‘f?)’q'ﬁro&na?ﬁ?lg%‘?]@ﬁ.e\él §8p%|lv£€|>éa§ 42 '?WP%&HPU%I yaci ds

whi ch consfPLEEeIAThdNREARREF AnIQFIRPE@ sSCHPOURES or ithoddicds the canpevad

el enent 20ata bel yydrogeanhed eid rcaintatbed wifthohgdtygen inExaappessednver eof

i ncl ude hephanchydidist aetdrdirexaioungst imveadiidn. dodecatungstic acid,

bi vanadi ¢ aci d, decavanadi c acid, hexaniobic 40 acid and hexatantalic acid.

Het er opol yag! d3 AlughlOLRAL €16 RILYBEL dRepflliElon' O AL L1OR: 1 11838
' megg{ onto the support in the presence of a dissolved isopolyacid
25 and/or heteropolyacid achieves a more homogeneous coating, i.e. a
more uniform distribution of the noble metal particles and a more
uniform particle size on the support, which leads to an improved
activity and/or selectivity. The homogeneity of the coating may
be investigated, for example, with the aid of scanning electron
30 microscopy and/or X-ray photoemission spectroscopy (ESCA).

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

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

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

45 12-tungstosilicic acid and hexatungstoiodic acid. The iso- or
heteropolyacids may be formed beforehand and added to the
deposition solution or formed in situ in the deposition solution



further cerggsg/sdapy usually arsenic, iodine, phosphorus, selenium
-silicon or tellurium Exanples of such heteropol yacids include

12- mol ybdophosphori ¢ acid, 12-tungstophosphoric acid, 45 12-tungstosilicic
acid and hexatungstoi odic acid. The | - or heteropol yacids may be forned
“bef or ehand and adde 0 the de 05|t|on olution or fornmed in situ in the
deposi tion &nhﬂ’bha Fr5§5855°%3 cq’WP(S’Hfléﬁr t S SSFre. RS FONCsRBBLHRRA OfThe
degree of dd¥fdéfSat Ry B hetpeoplyacifdd/ b8 nrit erdporyhci e degnee afiitical .
The degr ee agindepeatiers athiich whswhts esukhs pH dfhehpHiebodihd ode positicm
solution i suitable. Ud@&ﬁm|pi&éﬂﬁ#b&oboﬁﬁﬁﬂﬁﬂﬂd§e3h6h6EE¥1%EBkGa@ﬁﬂﬁc'ds S

for exan efotrh%xaﬁ B e REEHOESH Qﬁ*theﬁcﬁéé,gwr 'lﬁg%%s;fs‘ oaé grrpl €

netaaci ds of b LSsE t| the

i so- and/ o% ﬁro n;{3"’%(31? s gr t%ehel remen%% r&err%tdf’nga Bu ar""@ ?1 partlcul ar

the al kal i 4 §'§]r %° £ &bpetian Iaf‘dt/ﬁé %%'%ﬁrtﬂﬂ%ﬁacb‘éﬁ frsithisal ts, or the
amoni um s HHESUr§er Sﬁnﬂs’luwsoﬂ%mft pbreoigwbvurtder atbapomedsli aclude sodi um

" tungst at e, espeohally ndteavadadmtand podhassium|gdidat, coanthd hembhkém sEhesnol ar

rati o ofigl ati num group nmetal to iso- and/or 15 heteropol yacid or precursor

conmpound 1 highe Qés'&téﬁ‘itgﬁli?@%xtéc%&‘sﬁo&& SHhdcthds® i REAIR B uf! OM 0. 01 L0

5.0, in part romOl m)lar rati o of

pl ati num gr 03% ﬁl‘% AN AT onlum me%?vg‘glagﬁ] €t aﬁﬁdg‘luﬂ‘nim W&eﬁﬁﬂl the, Jgdeen

and/ or vanadi um atoms 20 For the purposes of the invention, platinumgroup
met al s ar e Thgemohath| ratiet af spbftinum Sroup reatsilt tonlgr-owpnddbrt he Periodic
Tabl e wiH dletdoopolydusidong preddresorr eBmBGEWHLD thier&foF Uirh@RkeUdepédiadionm
iridium palhadiem i predsrapwty Hrak bUM & ef.er eﬁlﬁepdxsccgﬂné?nf{&n d. tQS”' um
rhodium  pal.badkure. it el k! HIndABL! LEL Ao ?LL?LI?J}E Ro! feb dﬂare e and

b
| at i num L.ong Pole
gw tabl e, E%SJR f)?lg l%a“}’en tcf"iur&‘I Jrg’?fyk’gemé’ghbﬁ‘ﬁ‘gf‘ﬂ:ﬁﬂsm&ﬁ %aVPHB?iHH‘ é‘r?ﬂ’ms
pl ati num of palladiumand rhodium of palladiumand iridium of
pal | adi 4R Feirathepnrpedgeshofli thy iamdntdén pallasdinum gyupt metialsiratd rthdi um
Parti cul ar nobeéemetedles of 8Be (B tienrraasitiorc ajrbupabs OtEheDfPeE'g'_lbh.Q&”'llHBl@nd
pl ati num kmithedo GRIDbEAGHGNE Whkhibsh | adiuyn ipal 'ﬁpdﬂé%%efﬂ{ o,

h
(r;(r)ngtelr ;gf Ssir%g@um madeﬁl%ﬂ “E‘JEm u-llr_l Qn@ 1%1'}191? PI'%fe@en%gl E%nh% veéxogob

wei ght anéurmrelum’ @PQBW’ n%arfé‘#’ﬁ Wt\?@\l htP rﬁé§8 aBrP’fe}f&rFBFﬁl 35

cont ent &% tPhB2pt ﬁ%ﬁPGrB{ﬁFW‘aI C°“Fh’e“"t"a"1°&?y? e )Plééf-wlé FHWPonent s of

t he Cata|y§p§aé§dmﬁqﬁqqgegoare also suitable, and preference is given to
combinations of palladium and platinum, of palladium and rhodium,

of palladium and iridium, of palladium, platinum and rhodium, and
of palladium, platinum and iridium. Particular preference is

30 given to the combination of palladium and platinum. In the
combinations with palladium, palladium preferably constitutes the
main component. The proportion of palladium is then preferably
[sic] more than 40% by weight, preferably more than 60% by weight
and more preferably more than 80% by weight, based on the total

35 content of the platinum group metal.

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

40 the activity and/or selectivity of the catalyst. These preferably
include metals such as cobalt, nickel, copper, silver, gold,
chromium, manganese, rhenium, aluminum, tin, lead, arsenic,
antimony and bismuth, and nonmetals such as boron, carbon,
silicon, nitrogen and phosphorus.

45



the inventigysgpya9gp0 conprise further elenments apart from platinum group
-metal s as pronoters or dopants, which influence 40 the activity and/or
selectivity of the catalyst. These preferably include netals such as
cobalt, nickel, copper, silver, gold, ,chrom um nanganese, rhenium

“alum num tin, lead, arsenic, antinony and bisnuth, and nonnetals such as

boron, carBgls 2dgirienal cﬁf“PPB@%‘HS mdpﬁﬁsmrs48rm§99¢nﬁralﬂ%
addi ti onal @W@néﬁt%r%@d 03stprafifptoar webghdopmefer geherfaidmy 0. Anoeirk5% o
from0.01 tuy 2@¥gby aved gint papt bderablfyofr 05 ol 108 Bp%einhtiebehéd asid in

particul ar fHeopn At Pnd® GHSUpbie¥El Hinteh@sed on the platinum group netal
content.  The platinum group netal corrpound | s selected from pal | adi um

group net aI sal Estand pal | adi u og& I ex Preference 1is given

to using pl&t YU FrEPafe %ﬁrﬁ gyn FEE ’Front R3<éadH i ch t he

pl ati num gr‘H&b‘Pn’é?‘é?l |s§l§?e§§ﬁtpqﬂaﬂ%§m1@rw Fetrdncenpkexes+ 1 Prefexence

Pr ef er ence iiss ggvernte msiagr péabindimatreup cnend lexemplEseeciial pursikdial e are

pal | adi unt( Idhpseoipletiesh ithe phatinyrakradp umetial peepedderth ihhengoor di nati on

nunber 410 Haadaltaéﬁ NeNBL@EOWD £Etal, GREBLAXSS r{%@&@@ﬂi’%é%@%é@éﬁ&ha@

i gands. The,gouplex &m bey AL ERALA Qféoraelﬁagl Rl sopblekt

deposi ti on t| 0 B e negati, veI P s ?o’rn exanpl e,

sel ected fr “RaP? lBsB lBe %§naEh‘P%rr}‘H@eerom de, i odide,

CN, OCN and SCN, Cl-C6-carboxylic acids such as formc acid, acetic acid

and propi offihe ptatinmum griceprm@thls @omp lexde natyi ngmb'rg@mdﬁ,ff‘eﬁénexarrpl e

et hyl enerb anigaatist rewe @ompledésd ndyEbé prepiddd betbiardid 6ra¢hdsitu in

;c?dgl gmcﬂmchebsgm%eﬁefae%ﬂ Cﬁ%w?ﬁ@%ﬁ %'1(, : 'ér?ar eamlﬂ 9{5&5%@8“' c
1ETEbn EQC? %ﬁp Qﬂageé o ?geu e'}ﬁol Slsl % i | actic

acetyl acet

£ Bk
r OX

acid, tart & 8 éﬂ?u HXL&FUC{)?#]LA%CFH %‘f]c?“(dhé 1‘%{ cERATNEs pfids
el ect roni cAUCP ABUEIHILG PEARdsACatie] aged a@ﬂd/IWPPP—PmE% anichang westonitril e,
am nes s2ktsadss, avimmldtdangpligands, fecoexi@npleaedhybenediraynitdt&braddetiiam nes
such as et ladiampera - piepylett Nretisopspy! am ne, n-butyl am ne, 30
Ej?:’ tsoblrjf)yl fimzﬂﬁlaﬂfﬁﬁey%%ﬁgxaﬁjéﬂgﬁrgﬁhéﬁ%@%c:ﬁ' EBBy{lt?eiglxn%
tri prgpy% SRP%éhch %xlk %gmgnenlt#ﬁmgkﬁﬁ%@?q@é %SBS‘/‘F A and
N, N- di met h 4%&? Péﬁﬁﬁ1§uch S ?9 tylacetonate, hydroxycarboxyllc acids such

25 as glycollc ac1d lactic ac1d tartaric acid and gluconic acid,
and their salts. Examples of electronically neutral ligands
include alkylnitriles such as acetonitrile, amines such as
ammonia, primary, secondary and tertiary C;-Cg-alkylamines such as
ethylamine, n-propylamine, isopropylamine, n-butylamine,

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

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

35 and triethylenetetramine, nonaromatic and aromatic cyclic amines

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

40 sulfides such as C;-Cg-mono- and -dialkyl sulfides, Cg-C;3;-mono-
and -diaryl sulfides and oxygen compounds, di-C;-Cg-alkanols and
phenols and also their ethers.
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tetra- and gp¥o/@P9drgs such as et hyl enedi ami ne, diethylenetrianmne 35 and
-triethyl enetetram ne, nonaromati c and aromatic cyclic am nes such as
pyrrolidine, piperidine, norpholine, piperazine, pyrrole and their

n- Cl- C6- al kyl derivatives, pyridine and phenanthroline, phosphines such as
“tertiary Cl-C6-alkyl- and C6-Cl2-aryl phosphines, in particular

tri phenyl pFEEHAFIERT RFGLEFERCe 4F JHVEP RS NiFdR9IgR-eantsidgol igantis. dilal kyl
sul fi des, @3rticubph@niand,-merg prefarablie ammesiax yhen rlarpoundgsoup

di - C1- C6- almeznd| sorgpuohndppeapésakeliyd campoiddeia pehbenem FoupOREERL927 5

Particul ar cpmgliex anas iénﬂi:i’@ébﬁ-%o@tﬁi@ﬂ?@'l@%@}xai. ning ligands, in
particul gy amnes, nore preferably ammonia. The platinumgroup netal

conmpound preferably conprises a platinumgroup netal, complex with a
ni t r ogen- cgﬁFaPﬁ?F'Fé“‘ﬁ“\ ngﬂﬂp Be bR cﬁP’é??Y‘an?ﬁr FupeRRT LI APLRELQF 8he
deposi ti on 968RER}Bh ins thgerangg |5romn 0t QL rten@e 97  orpxfETably In gyhe,

pr ef er abl y riangehfrom #ngdetbrom @/L.to 0.5 g/l. 10 Preferred pall adi um
conpl exes are H2PdHal4, M2PdHal4, M2Pd(CN) 4, (NH4)2PdHal 4, Pd( NH3) 4Hal 2,

Eg((j :\lllji’r;]) gigd\'(ﬂﬂageﬁﬂéh Fﬁig'l'h@lérlﬁ Q\J)n%laeW@EV @ré\/'riﬁflﬁér‘%ﬁ,! n@ﬁ&néﬁgatépd{& gH i cul ar
br oni ne oraiﬁgﬁf%ﬁ & Egéﬁ})r"ggl?’urﬁggg ﬁr}gt%ﬁgﬁnalnéir nggéﬁét’g {:zdnﬁ Eﬁlrs}?;are
(NH4) 21 r O 6% BBPt PREAT 2 PYCPAT EREBEICISPIHE ROMAERSSitRe shESLt i8N

sol ution f @r PALPIFDAYOMs esn Rantdgyd apnehkaxdnei nromigentori modimssol ved form
Useful reducing agents are any 20 substances or substance m xtures whose

redox paiseRireféridd Feréner tfEaviedaXgpoiEhidtal 8bmpskddl akk N gL o4 JTet al
compound ugggec1 Pr kB[ EREL1] S 1&'21‘?@}} %nﬁuﬁsﬁﬂces having a st andar d

potential in an aqueous nedium'of [ess than 73’5 vol t, preferably having a
st andard pobgnéi al of less than Q volt. 25 Exanples of suitable reducing
e

T08e9FRITH OB PAL MY 1om FHY HReX ROTPB ARG T | ¥t dGads Qneratdiicdpgr i ¢

agents i ncl
agi d, |actipgenkin disgplved cfd-dVaadul reswcinguigentisharsatny of the
car boxyl20c substaixespoaf enbitandenaiatkeds whebal reddkgoteattar tis metlaly, 30
anmoni um aktle Gedd:0 paltkyt BANHE WieSpl46inudh EBHS ! A 10 ComPyRRP RRzRNOr OUS
aci d, the $abisr&foPNasBIAERUS Yups DURARN43RERL LS Aty a! DobAllLGULRM the
al kal i et %%1 Qﬁu%l}%ahnleg(fume@f tl%sgeszﬁan S .tSS ’vo? ;%roéfaerag 39 I?avsilil'l% aa'S
met hanol , et hanol . an _
standard potential of less than 0 volt.
25
Examples of suitable reducing agents include formic acid or
oa-hydroxycarboxylic acids such as citric acid, lactic acid,
tartaric acid and in particular the salts of the carboxylic
acids, preferably the alkali metal, alkaline earth metal,
30 ammonium and C;-Cjp-alkylammonium salts, phosphorous or
hypophosphorous acid, the salts of phosphorous or
hypophosphorous acid, in particular the alkali metal or alkaline
earth metal salts, C;-Cjp-alkanols such as methanol, ethanol and
isopropanol, sugars such as aldoses and ketoses in the form of
35 mono-, di- and oligosaccharides, in particular glucose, fructose
and lactose, aldehydes such as formaldehyde, boron-hydrogen
compounds, for example borohydrides, boranes, metal borates and
borane complexes, for example diborane, sodium borohydride and
aminoboranes, in particular trimethylaminoborane, hydrazine and
40 alkylhydrazines such as methylhydrazine, hydrogendithionites and
dithionites, in particular sodium and potassium
hydrogendithionite, sodium, potassium and zinc dithionite,
hydrogensulfites and sulfites, in particular sodium and potassium
hydrogensulfite, sodium, potassium and calcium sulfite,
45 hydroxylamine and urea, and also mixtures thereof.



i sopr opanolposays@9esuch as al doses and ketoses in the formof 35 nono-,
-di - and ol i gosaccharides, in particular glucose, fructose and |actose,
al dehydes. such as fornal dehyde, boron-hydrogen conpounds, for exanple
bor ohydri des, boranes, netal borates d borane conpl exes, for exanple

“di borane, sodi um boroh dride and am noboranes, in particular
trimet hyl afFREBEFSh& CMGHRS ATRNEMATROSHIGP APdr BOF RS US| dypaRhosPhite,

met hyl hydr mﬁélumﬁﬂr(‘}@éﬁdl trinatihyd amine-bafianigi, oapdwm boropmdtridas ar sodi um
and pot assisodiuhydirtdgendié hamdidod iumobydimgendtiansoniteandnd atssli t hi onite,

hydr ogensuhfikt @feinst Suhbhi@s, fdrrmalaarah@tﬂcﬁﬁu&\OQyﬁb@}%ﬁh&%aSSI um
hydrogensul fite, SOdI um potassium and cal cium sul fit 45 hydr oxyl am ne

and urea, agnd_a es t her eof .. 0050/52927 .6 . Pre erre reduci ng
agents ar e§soaene A S pogL 48t PHeh Y B8RS ‘}ﬁvtagfentarﬁﬁﬁﬁ% SPfetum of

tri met hyl afPRePHRT N 9Z6HP R1dFoRPAr peled coBRPRRRER t(fosneremRred sodi um
hydr ogendi Phpmm@éﬁ/d@@dnal seomparientts) est cm‘ecmtmcngl agertor imt esedd sodi um
hypophosphiprefeferide dengieén wt ustagt tiderddRdaxgesyintalianexcdased on t he
sum of 1td1@spéa1amyﬂsg&eaméreitsalas m8Ndr agted, e@NPeMsiny Gheht ee@rrp' e
promot er s/ ¢ 99@5}5} §emééal Us legdHCL oo ac%eagg Esar&ag%%ﬁ bLeld age s
SS S y is a
CI °n

gl ven to usln gerf e%t a-bgé%f( e gr3 ecCl a SUI

nol ar rati ub Pirdm tto

100: 1 and F’?B pref erably from20:1 to 60:1, for exarrpl e about 30. 1, about
40: 1 or about 50:1. 15 The deposition sol ution preferably has a pH of nore
than 6. 1Bhirhe depgwigfienabdbution beeférgsly mad 4 pw ot molrd PR4L igculrgisfrom 8
to 12. Tojkhpsestthpiiyt lﬂayhé)eraa%@eﬁaﬁw tQ add ﬁ,%%%ll‘:glwef GP@SLLI on

soLution b g@gezmtsoea@ﬁ@n;ag,beﬁgg £hRl) BasEs g afy SUbStances or

corrpounds Y he queous medi um

to the desFB3® {'/taﬁclPe S0 th%ﬁ't |16‘u|°58£rt*rﬂe 248 the e&rléefihB%e Raseeharave
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metal and alkaline earth metal carbonates such as lithium
carbonate, sodium carbonate, potassium carbonate, magnesium
carbonate and calcium carbonate, nitrogen bases, in particular
ammonia, primary, secondary and tertiary amines, such as those

30 described previously among the nitrogen-containing complex
ligands. Likewise suitable are buffer systems, in particular
those of the abovementioned bases, the salts of the
abovementioned bases and/or suitable acids. Particularly
preferred bases are ammonia and sodium hydroxide solution.

35
The deposition solution is generally aqueous, i.e. it contains at
least 10% by weight, preferably at least 30% by weight and in
particular at least 50% by weight of water. The portion other
than water is preferably selected from water-miscible solvents

40 such as methanol, ethanol, n-propanol, isopropanol, n-butanol,
sec-butanol, tert-butanol, tetrahydrofuran or dioxane.

The supports used may be any catalyst support known to those
skilled in the art, either metallic or nonmetallic. Suitable
45 metallic supports are described, for example, in WO 00/59635,
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25 case, for example, in chelatite, steatite, cordierite, anorthite,
mullite or pollucite. Preference is further given to ceramic
composite materials.

Nonmetallic supports generally have to be activated. “Activation”

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

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

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

45
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minutes and more preferably between 2 and 60 minutes. In general,

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

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

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

40 preferably for hydrogenating oxygen for preparing hydrogen
peroxide.

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

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



mor e pref erp¥oyspw2y t han 90% by wei ght of the platinumgroup netals used
-1's deposited on the support. The platinumgroup netal 30 is generally so
firmy bound to the support that it is not significantly renoved by
contact with liquids and gases when usgd in catalytic reactions. The

“el enments on which the ontrol agent i's based are found on the catal yst
only in ne§UtgRBie ¥Bts =or EXPENSIYS ofcHePulidkg EB8seriadhvEREi on are

sui t abl ef orex?ﬁélﬁydrfbgé’nétp% &2 ,0 E§apt 20 rfd 4 modgeRti-4d8nB84nds, andin
parti cul ar fPartdcgbar predepencrlsis gilreastolefbulay eegrtaiddylianehich the
propyl ene, aeathyyenaaduoddiHy ach e iadeROIMH 1@0598§@1€j§,asea9beél<§i§rh¥fj%§@nd
ket ones, Barf%'fﬁtbPScyl"?LnQnQEI‘f}e%ns%?ﬂc@@c%_%a%%ﬂ%@%eﬁﬁﬁé’ ?Fg Q{:?{u r enating

oxygen for RL sent. I nven

provi des a § és or%p:g mér %)él BF 5GEN'S lé’r ?Fﬁ’éllb‘if'cﬂ‘ﬁ?aﬁ??‘ffgethe
oxygen and FEMER) o e FOPALBLORS | Pﬁuﬁﬁls L]*t*ﬂub?‘ef erably a substantially

aqueous solution, with a catalyst according to the invention. 0050/52927 9

" Sui tabl e cahal yi;qtmd @habhepsafudaddiys t oic A2 fabR €65 Wd Bedtoh Wverexagp! e,

gl Ep'f‘l“’?%a%iys@g";? e A B O aoT o he Tnventi on
iven to

|gs pr esent légg géf)é thI n® tﬂfé,%btagr m of &c%tr? %]rl cally constructed catal yst

units. Appropriate shaping for the support, as previously described, may

ensur e OptPFﬁﬁﬁ’F?‘HﬁNléoﬁaY?l? s fe8Aipg st AYOrgeeR . toTHEe| FepetPmpivise

pr ef er abl y opej ek|reayef rl@nerwatateb@eedsn dmstrhem d tet abyetimpedoifhe gas
may be ddndiictbel oxygeacutrend adir.i Dhe Osuperrfddl hEN¥eldyiekebableadtion .
cocurrent. gRsehsd AEHR th 8n Uhe@iunt Qsf Eﬁélfélgabt mygr(é)t&gaiﬁl %Oﬁ&ﬁ‘ Jb%%%t 9? ;"hg
one or nor o a
oxygen or t%heegiﬂ? H‘hehgﬁégﬁ 8?3}%3 { reacn}c?r(l) gaag‘idat}n&'% éaction
mediumi s greferably in the range from about 20 to 7000 nfh, nore
pref er abl y TR ¥PREHIQAgBeR} ¥in 50 Prefez@plmWeteThand iasc Ciofs addianals s in
pr ef er a0y past ésulard meteClarcl cal ehbasgl.i WheBOthartdactlian mediam asdbor
met hanol . \lBewatdwre, npaebi DOR MBdivedyhis esk ithewal.eshollp pTr@fBQ%iay wei ght of
thg al cohoknetﬁgxe&prmwbe nﬁmohgemn ha Rfdede Men 1%H| ahel; 'sgo[yeggt i on
nmedium i s , 0
wei ght and rgrgge lpﬂr égﬁﬁgmé i%% B/y/ v%ﬁ p}:e ?{a%fl&re%B g/%r part i cul ar
preference wedalit é?’ uR Y Vewelght’ of water. Very
partlcular preference is given to using water as the sole
reaction medium. To stabilize the hydrogen peroxide against
decomposition, acids whose pKa is preferably less than that of
acetic acid, in particular mineral acids such as sulfuric acid,
phosphoric acid or hydrochloric acid, are added to the reaction
30 medium. The acid concentration is generally at least
10-4 mol/liter, preferably from 10-3 to 10-1 mol/liter. Traces of
bromide or chloride in concentrations of from 1 to 1000 ppm,
preferably from 5 to 700 ppm and more preferably from 50 to
600 ppm are generally also added. It is also possible, however,
35 to use other stabilizers, for example formaldehyde.

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

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

45 In a preferred embodiment, the reaction gas is circulated. In
this case, the molar ratio in the fresh gas mixture is in the
region of stoichiometry, preferably in the range from 1.5:1 to
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Catalystig pNgRﬂQQQQﬁﬁqphgeﬁgt%gnsar@hetpﬁpcess also achieves particularly
good adhesion of the platinum group metal particles to the

support, which is why the catalysts prepared according to the
invention achieve particularly long on-stream times.

30 The invention is illustrated in detail with the aid of the
appended figure and the examples which follow.

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

Preparation of the catalysts

Example 1 (= comparativé example, cat. Bl):
40
1200 g of steatite support from Ceramtec in the form of spheres
of 2 mm diameter were washed in succession with aqueous sodium
hydroxide solution, 25% sulfuric acid and distilled water. The
spheres pretreated in this way were then activated on a suction
45 filter by allowing a solution A (= 5 g/l of SnCl, + 10 ml/l of
conc. hydrochloric acid) to act for 3 min, then, after filtering
off and washing with 0.5 1 of distilled water, allowing a
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tetrachl or d in t were then added and the reaction initiated.
After 1 hogfg%%%ea%gac %ﬁ Vs conplete. The solution was drained off and

f I ushi ng2 was effected using water. The
5 The catalyst preparation of Example 1 was repeated, with the

difference that solution D additionally contains 405 mg of sodium
tungstate.

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

Example 3:

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

35 length of 2.00 m was charged with the catalyst Bl. At 40°C and
50 bar of pressure, a solution of 5 g/1 of phosphoric acid and
120 mg/1 of hydrogen bromide in water was allowed to trickle at a
rate of 1.0 kg/h over the catalyst bed. At the same time, a
mixture of 3% of hydrogen and 97% of oxygen was pumped with the

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

45 stream is passed as an offgas stream.
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with the aiteohrassstreen atainstettdesiéed stydamgetharhydrogggeperdstisie

conposi t i oronsentetiar rheelliquni eAfluehtedvas idetbhgimed byotiarirsdnal
conductipyg ty detector, over which a small bleed 45 streamis passed as an

of fgas streggm mgg’%%ﬁ 2Re7etA1ueile gggg%g,t V\ig{e QXQEQQ@ ncrlfC &gégg%gq P%/erﬁoglcﬁge NBSS

reaction to IV}? er was cal C

ogen_ per oxi

streams of 2PHet ‘@a%'@émi n?Fo}g‘(f&‘é’d’eé?nﬂo?ﬂH“e(ﬁ 638 Q9L R BlInpkAts ddEct

m xture | e&FLRGETHEY Lased opr thyseodas. SHaspaeE-t itgnconergigrs(ST6)ais
separ at or weteemined lasubhlercqrsawetien arfl hytiroggrdin ontlesf péhenmiltartimen

| i qui d fidr ivaséd nexs theavabawe s thendatd Bbtobedt he mass stream agai nst the
feed stream The hydrogen peroxide content in the liquid effluents was

det erm ned TRX ;%éé.@*ttllglg }Ql&rh(%msfs Ocﬁe ter}gllgfegl Preonré tzlter g%&né hO cont ent Of
hydr ogen pﬁrgm e an tée mount "'of h dtro én consuned were usead to

cal cul ate tHETCLE EEPHHEY %%‘3‘1?_ Bﬁrh‘g’/‘é‘rto Ae Bpged Rac&bei vRlush&r si on
(STC) is GQ&PerhigfeFaialyfie Rashdonphe crrbuflamy deagkar i Aheoresulisy agrit tine
15 base@Oosumherizgdiie the tTableaflaWisth biedlovhe Bpacartintkoyicd aheSTY) is
det er m nedspacsrtie gielatwidh thydr 0geshdwer ey fegf ar.med per unit tinme based
on the volune of 690 m of catalyst bed in the tubular reactor. The
results ar rized in the Table 1 which follows. The variation of

t he space-%fclgﬁ%fé;irﬁre!?d with tine is shown by Fig. 1.

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

30 comparative catalyst.

No. | Catalyst | T [°C] Select- STC STY Running
ivity [molH;/1h] [[gH202/1h] time
35 Bl 500C 79% 3.0-2.7 85-77 90 h
4 B2 500C 81% 3.4-3.0 100-85 >400 h
40

45



Exampl e 4: otsdrspgde 3 was repeated, with the different that catal yst B2
-was used. This neasure leads to a higher space-tine yield owng to higher
activity and a somewhat better selectivity (cf. Table 1 and Fig. 1). It
can be seen that the STY for. the catalyst according to the invention is

“al ways above the STY of the 30 conparative catalyst. 35 40 No.Catal ystT
[C Sel ect- STC STY Running ivity[mol H2/| h] [ gH2G2/ [ h] ti nme
3B150C7993 e 21388t 7790 h 4B250C8193. 4- 3. 0100- 85>400 h 45 0050/ 52927 13 W
claim 1. A supported platinumgroup netal catalyst obtainable by 5

control | ed 1l eqt 6@ppssteLRABLELOR Houd mbeAPIcANA yBkabhiRapdkoHp Met al
froma deposi tigne361 #d leeW@FSi‘e&é”H%r 'ogﬁé'%a c?é ate38 s@.”o%ehgrﬂ@?ﬁ?n?“y y

di ssol ved pl ati num grEné)tuaFl etal (gor‘g)ogn 1 i1.) a reduci r;rg]H ent and
iii)at |east o8 CBnITHIt 458Rt @ sETRSE &P ?r}‘ft@r%’o?’g}éﬁ]i‘ﬁ ases

het er opol yaci ds of niobium tantalum nolybdenum 15 tungsten and vanadi um
or their saltsi)2. an &éeast one homegeneanslyndissdived phatirum groapphatalhum
group netal is sekempedndyom pal |l adiumor a conbination of palladi um and
pl ati numo 20 3. A catalyst as clainmed in claim1l or 2, wherein the platinum

group netal co und | p I num group netal conplex having a
TRQURC LT, gs%egt A

ni trogen-cont ai ni ng icl gand. catalyst as clained in any of the
precedi ng cl ains, wherein the deposition solution has a pH of from8 to
12. 5. A catal ydt) 3§ teastnane AoRRYCbfagens peleettichdremal sapolyheids mand he
i sopol yaci d or het bebpodpelyiagids 6Hrmgdium, stantadlum, hmoBgbdamasi ti on

sol uti o5 rom a nprangsten @ndohgadiim @roxhact alts.

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

20

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

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

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

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

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

8. A catalyst as claimed in any of the preceding claims, wherein
40 the support is selected from ceramic materials and glasses.

9. A process for hydrogenating molecular inorganic or organic
compounds, in which the compound to be hydrogenated is
contacted with hydrogen in the presence of a catalyst as

45 claimed in any of claims 1 to 8.




6. A catal ysds@psss9d#f med in any of the preceding clains, wherein the
-support has been activated before the deposition. 35 7. A catal yst as
claimed in claim6, wherein the support has been treated to activate it
with a solution of a sensitizer and Qen with the solution of a platinum
group netal_salt. 8 A catalyst as clained in any of the preceding clains,
wherein 40%4-hé SEREEFE 3% deiBet ot (GIGHC8r B9F PLeReEingl Rydnngegl asses. 9.
A process for Bedosgdeaatwherednl tbel Hrorigandgapenpmmdorigamd becuwd@ypoxpgksn. i n
whi ch the compound to be hydrogenated is contacted with hydrogen in the
br esence of11a eApab¥sss ass %‘ialtiln_éanﬁd dlraiﬁnmpfwﬂﬁﬁﬂgtﬁet&ﬁenogﬁgf P27 14
: progess Qr par.l ydr ogen. per.oxi ge
whereih the | natoeedsiCEee SeRsabEE 0 RREPELLIE oY 3 I P e Ten.
clained in claim 10, wherein the oxygen and the 5 hydrogen are contacted
with the catZal PsPrPfess | fQuiPgeradingna ratahypt ctesdafived pirepayi nf a
catal yst as cl @l@dasi h ny8,ofin ghikhmtl lees8, onen pllaitd¢humatgiepsine0a® is
pl ati num group depbalités omtepaskipsbNy alscPRsNdssbrefbert id ¢38mdgpOSi tion
from a 1fh deposichb8ie 5ok W19 i¥h1 i GO MhpsEsSed ) at | east one honpgeneously
di ssol ved plati num group netal conpound, 15 11) a reducing agent and
iii)at |east one control agent selected fromi sopol yacids and
het er opol yaci ds)of &t 6BR%mCReaRPRPEFREMSLYbHEREM Ved PRgEinwm Greupanetrim or
their salts. 20 25°¢90P88ndQ 45

15 ii) a reducing agent and

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