1 Decenber 2004 CATALYST AND PROCESS FOR THE DI RECT SYNTHESI S OF HYDROGEN
PEROXIDE Field of the Invention The present invention rél¢esnkey 3004
bimetallic catalyst and a process for the direct synthesis of hydrogen
peroxi de from hydrogen and oxygen whi ch uses said catal yst. Background of
the Invention Hydrogen peroxide is a comercially inmportant conmpound which
is wdely used as bleach in the textile and paper industry, as a biocide
in the environnental field and in oxidation processes in the chem cal

i ndustry. Exanples of these processes are those using titanium silicalite
as cat al yst ,CAUGYSAs ANte BRQSESHFat FOR GHEOIERERS JYERPHEODS 11¥) , HIIROGEN
ammoxi mati on of carbonyl conpounds (U. S. 4,794,198), the oxidation of
anmoni a to hBER@YEam ne (U. S. 5, 320,819) and the hydroxyl ation of
aromati ¢ hydrocarbons (U S. 4,369,783). The industrial production of
aqueous sol utions of HZO2 by neans of a conplex two-step process, is
known. In this process a solution of an anthraqui none, such as

but yl ant hr aqui none or et hyl anttiedduehorie, Inperpiay ganic nediumim.. | 1
Decenber 2004 miscible with water is first hydrogenated and then oxidi zed
with air to produce H202 which is subsequently extracted in

The present invention relates to a bimetallic catalyst
and a process for the direct synthesis of hydrogen peroxide

from hydrogen and oxygen which uses said catalyst.
Background of the Invention

Hydrogen peroxide is a commercially important compound
which is widely used as bleach in the textile and paper
industry, as a biocide in the environmental field and in
oxidation processes in the chemical industry.

Examples of these processes are those using titanium
silicalite as catalyst, such as the epoxidation of olefins
(EP-100,119), the ammoximation of carbonyl compounds ({U.S.
4,794,198), the oxidation of ammonia to hydroxylamine (U.S.
5,320,819) and the hydroxylation of aromatic hydrocarbons
(U.S. 4,369,783). |

The industrial production of aqueocus solutions of H,0; by
means of a complex two-step process, is known. In this process
a solution of an anthraquincne, such as butylanthraguinone or

ethylanthragquinone, in an organic medium im-



aqueous phase. This procedure is expensive owing to the high invest-

costs necessary for the conpl ex production unit in- volﬁeagaﬁﬂxﬂh6004nent
nﬁcess!ty of separating and disposing of the by-products generated during
the oxidation phase and puri- fying and reintegrating the anthraqui none

sol ution before being re-used. Processes for the direct synthesis of
Egg{ﬁge?hperogr I de fromHZ and 02 have been proposed in the art for over
comng e@ggﬁﬁggv%@tggg% eIhE?eFﬁz{»QEeﬁ 850§8A8EAL! ¥ndSenen 6rtalyéac.
g)r/oup o(r:OtnheHI n ;) a nobl'e He g , particularly netals of the platinum
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by-products generated during the oxidation phase and puri-

fying and reintegrating the anthraquinone solution before
being re-used. N

processes for the direct synthesis of hydrogen perox-
ide from H, and O, have been proposed in the art for over-
coming these disadvantages. These processes generally use a
"catalytic. system consisting of a noble metal, particularly
Iﬁetals of the platinuﬁ‘t group or their mixtures, in the form
of salts or as suppdrted metals. |

For example, U.S. patents 4,772,458 and 4,832,938 de-
scfibe a pfocess for the synthesis of aqueous solutions of
H,O0, using a catalyst based on palladium and/or platinum
supported on carbon, in the presence of hydrogen ions and
bromide ions. Quantities of acids ranging from 2.5 to 10
g/liter are generally required for obtaining high concen-
trations of H;0:.

The use of high q‘_uantities of acids creates serious

problems linked to the dissolution of the active phase

(metal) of the catalyst in the reaction medium, with the-



I n addition, under these conditions, the solutions of H202 produced are
dlfflcult to use owing r the high acid content. These PprO0cesges 2086
operate under critical condi- tions as concentrations of H2 higher.than 5%
(17%or- over) are used with respect to the reaction mxture and conse-
quently fall within the explosivity limt of H2/02 mx tures. Patent
application EP-492.064 describes a process for the synthesis of hydrogen

per oxi de féBHéQé_iﬂéﬁge’l 98P oPhiFtUSEse acs8ha¥6t RS eHyaBogahl adi um

supported on a ogenated resi'n, in particular a brom nated sty-

rene/d|V|n%%ngégge iﬁtﬂonT eohgaelion is carried out in water, in the
presence an aC| sel ected fromsulfuric, phosphoric or nitric aci d.

Qperating accorgding 9 LhiS RERGAS SLHMEVEInSANGRIY, Ui | 855u
e | 0gfof
about 0.58% are ob%alneé Pat ent appllcatlgﬁ EP- 504, 741 descr?%%gaaagrocess

for the synnesisaoleqPazef mANANGON), ande 0XiiRY whi heisesgl aeabial yst

based on p or pla I num supported on an acrd or superacid carrier

sel ect ed ”OQ}; ?l'gde?p eng W o pg%ea] @hab¥ngst eRcaOpenating

accor di ng £8 hy rogen per ox I's obtained in concentrations

of not nore,than 1%

process foFiPle as%/nm%%fit%“te FE O RO lor 5 Gy Gen v ch uses a
are used with respect to the reaction mixture and conse-
quently €£all within the explosivity limit of H»/Ox mix-
tures. - - | _

Patent application EP-492.064 describes a process for
the synthesis of hydrogen éeroxide from hydrogen and oxygen
which uses a catalyst based on palladium supported on a

Thalogenated resin, in particular a brominated sty-
rene/divinylbenzene resin.

The reaction is carried.out in water, in the presence
of an acid selected from sulfuric, phosphoric or nitric
acid. Operating according to this proceés however concen-
trations of H,0, of about 0.58% are obtained.

Patent application EP-504,741 describes a process for
the synthesis of H;0, from hydrogen and oxygen which uses a
catalyst based on palladium or platinum supported on an
acid or.superacid carrier seleéted from oxides of molybde-
num, zirconium oxr tungs;en.

Operating according to this process, hydrogen peroxide

is obtained in concentrations of not more than i%.



based on pall adi um or plati num supported on a heteropol yacid nade
insoluble in water. The reaction is carried out in watefd Decerttyver B0é4ence
of bromde ions (0.5 mmoles/liter of sodium brom de). Concentrations of
H202 equal to about 1. 1% are obtained. These processes of the known art
are consequently characterized by a |low productivity and selectivity of
the reaction and by the production of H202 solutions which are too dilute
for an econom c iFRReStri Hl SexpboiztatiCcon. déesedit@s pat eprocappd i card orkhed
98- A- 01843, filed by the Applicant, relates to a process for the direct
synt hesi s ofsyniyigsdgedt gePokrde hinegen erd alxysenpeakeeh owegak| adalwsand/ or
pl ati num co-i npregnated on a sul fonated activated carbon. Summary of the

| nvention | rPanfe padllefiivhecpr iehinymhvampcghedt Rer @ ibstpropeterida
process for the synthesis of hydrogen peroxide by neans of the direct
reaction of MAAR dGFERIWPEh BYyHEEr i Aba 3or¢eln ivedRdntedneal ntthgrater

hal ogenated pronoter and an acid pronoter, in the presence of a binetallic
cat al yst obtH} ne# bpresfingercd r’f{foimﬁd§ed9éﬁce(0aﬁdm§‘PE%ﬂ*Paltqeﬁg thesediid e
metal conponents of the catal Xst on a carrier wherein the netal
conponent s dtr¥HECat HPSEnEFatE@IecPédd Flom IHEde bP t3RPUDI &t hurd™§r oup.
1 Decenber 2Q04 In another aspect of the present invention, there is

provi ded a HPRF8FAtc catal yst useful for the production of

These processes of the known art are consequently
characterized by a low productivity and selectivity of the
reaction and by the production of H,0, solutions which are too
dilute fdr an ecconomic industrial exploitation.

Italian patent application MI 98-A-01843, filed by the
Applicant, relates to a process for the direct synthesis of
hydrogen peroxide using a catalyst based on palladium and/or

platinum co-impregnated on a sulfonated activated carbon.
Summary of the Invention

In one aspect of the present invention, there is provided
a process for the synthesis of hydrogen peroxide by means of
the direct reaction of hydrogen with oxygen, in a solvent
medium containing a halogenated promoter and an acid promcter,
in the presence of a bimetallic catalyst obtained by
dispersing in sequence and alternating the single metal
components of the catalyst on a carrier wherein the metal
components of the catalyst are selected from those of the

platinum group.



hydr ogen peroxi de obtai ned by di spersing in sequence and alternating the
precursors of the single netal conponents of the catal ysPebgmbey 2p04
preparation of the solutions or suspensions of the precursors of the
single metal conponents of the catalytic system (b) dispersion of the

sol utions or suspensions obtained in (a) in sequence on a carrier; (c)
treatnent of the catalyst with a reducing agent of the netal and drying at
120- 140C bet ween IoneanhBwar siarecandof afdbeharresbotaiinegnbeser i phieoa 6fs t he

I nvention It has now been found that by carrying out the reaction between
hydr ogen andrexyged in kimetptbsencetalyst bisafudl [far Wm abystugiieparcdd by
di spersing in sequence and alternating the precursors of the single netal
conmponent s dfvark@eRatRanpsideonckitadared epy idispsrpdngi bire ©6IvvRET oM he
drawbacks of the known art described above. This preparation nethod al so
al l ows the H&EEPREYANERS P ERIUNFOLY 6F tthe cardalysretahecompnnedier &L on of
hydr ogen per oxi de or consunption of hydrogen, to be nodulated in relation
to the - 4a the peEekper P2004 process requirements and availability of raw

materials, for exanple | ow cost hydrogen. In particular, the use of these
catal ysts giV@s Ppeparation of the solutions or suspensions of the

precursors of the single metal components of the catalytic
system;

{b) dispersion of the solutions or suspensions obtained in (a)
in sequence on a carrier;

(c} treatment of the catalyst with a reducing agent of the
metal and drying at 120-140°C between one dispersicon and
another.

Detailed Description of the Invention

It has now been found that by carrying out the reaction
between hydrogen and oxygen in the presence of a bimetallic
catalyst prepared by dispersing in sequence and alternating
the precursors of the single metal components of the catalyst
on a carrier, it is possible to covercome the drawbacks of the
known art described above. This preparation method also allows
the activity and  selectivity of  the catalyst, the
concentration of hydrogen peroxide or consumption of hydrogen,

to be modulated in relation to the
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foll owi ng advantages: (i) the possibility of using extrenely |ow quantities
of halides (< 10-4 noles/1) and free acids (H < 10-2 ApPes¢mer i280tthe
reaction nedium This has beneficial effects on the stability of the

catal yti c system and H202 sol uti ons ob- tained, thus allow ng the
possibility of directly using the above solutions in oxidation processes.
The presence of only traces of halides and acidity is not a di sadvant age

f di t: in the ab ti . kble ip- ti f
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of hydrogen peroxide solutigﬁ%ﬁjn ade- quate concentrations for direct use
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ol processes, generally ranging from 2%
to 10% by weight. (iii) the possibility of carryin ut...the ti under
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operating well outside the explosivity range of inert H2-02 m xtures. In

accor dance SAMIP%INE AdRNYHESENt invention relates to a binetallic
catal yst obtained b
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in the reaction medium. This has beneficial effects on the
stability of the catalytic system and H;O» solutions ob-
tained, thus allowing the possibility of directly using: the
above solutions in oxidation processes. The presence of
‘only traces of halides and acidity is not a disadvantage

for direct use in the above reactions as the possible in-
utroduction of salts or. acidity in downstream processes 1is
minimized.

(ii) thé production of hydrogenAperoxide solutions in ade-
quate concentrations for direct use and economically valid

in oxidation processes, generally ranging from 2% to 10% by
weight.

(iii) the possibility of carrying out 'the reaction under
high safety conditions. In fact, below 4% by wvolume of hy-
drogen means operating well ouﬁside the explosivity range

of inert H,-0, mixtures.

Tn accordance with this, the present invention relates to a

bimetallic catalyst obtained by dispersing in sequence and

alternating the precursors of the single metal components



pronoter and an acid pronoter, in the presence of said catalyst. In
particular, the catalyst used for the purposes of the PrBsesbamvention is
obtai ned by: (a) preparation of the solutions or suspensions of precur-
sors of the single netal conponents of the catalytic Sys- tem (b)

di spersion of the solutions or suspensions obtained in (a) in sequence on
a carrier; (c) treatnent of the catalyst with a reducing agent of the

metal and X‘#ﬁ‘ega?%t%é?%ﬁﬁfé)ﬁ%%?%‘ﬁn% YR AT AR @yt t he

g;sgfgﬁtiinﬁs 3 a f)jnd (C€) can be repeated once or
: £ i
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preferably present in a quantity ranging fromO0.4 to 2% by wei ght and the
pl ati num i #2821%85ntity ranging from 0.05 to 0.5% by wei ght, with an

In particular, the catalyst used for the purposes of
the present invention is obtained by:

(a) éreparation of the solutions or suspensions of precur-
sors of the single metal components of the catalytic sys-
tem;

(b) dispersion of the solutions or suspensions obtained in
(a) in sequence on a carrier;

-kc) treatment of the catalyst with a reducing agent of the
metal'and drying at 120-140°C between one dispersion and
another.

.In the preparation of said catalyst, steps (b) and (c)
can be repeated once or several times.

The metal components of the catalyst are selected from
those of thé platinum group. Palladium and platinum are
preferably used.

In these catalysts theApalladium is normally present
in a quantity ranging from 0.01 to 5% by weight and the
platinum in a quantity ranging from 0.01 to 1% by weight,
Qith an atomic ratic between platinum and palladium ranging

from 0.1/99.9 to 50/50.



atom c ratio between platinumand palladiumranging from 1/99-to 30/70.
The dispersion of the active conponents on the carrier lcberdmbesffBied by
nmeans of precipitation, inpregnation or adsorption starting from solutions
of their salts or solu- ble conplexes selected fromacetates, halides and
nitrates. The reduction of the catalyst conponents to the nmetal state can
be carried out by neans of thermal and/or chem - cal treatnent with
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carbons descri bed in |talian pat- ent application M 98- A—01843 can al so be

used for tRd It ICEhber 2004 pose. The carriers can be in powder, grain

or pellet form etc. . . )
The dispersion of the active components on the carrier

can be effected by means of precipitation, impregnation or
adsorption starting from solutions of their salts or solu-
~.j ble complexes selected from acetates, halides and nitrates.

The reduction of the catalyst components to the metal
state can be carried out by means of thefmal and/or chemi-
cal treatment with reducing substances such as hydrogen,

qsodium formiate, sodium citrate, using preparative methods
well knéwn in the art.

The inert carrier c¢an consist of activated carbon,
silica, alumina, silica-alumina, zeolites and other materi-
als well known in the art. Activated carbon is preferred
for the preparation of the catalysts useful for the inven-
tion.

Activated carbons which can be used for the purposes
of the invention are those with a low ash content and a
surface area of at least 100 m’/g, in'ﬁarticular those hav-
ing a surface area greater than 300 m’/g.

gulfonated activated carbons described in Italian pat-

ent appiication MI 98-A-01843 can also be used for the pur-



Bef ore supporting the precursors of the single netals, the activated
carbon can be subjected to treatnent such as washi ng wit hechmdteirl E864 wat er
or treatnment with acids, bases or diluted oxidizing agents, for exanple
acetic acid, hy- drochloric acid, sodium carbonate and hydrogen peroxi de.
In particular, it has been observed that the catalyst obtained by

di spersing first the palladiumand then the platinumon the carrier, is
nore active, whereas that ob- tained by dispersing first the platinumand
then the pBPEB&- diumin sequence, is nore selective. The catalyst of the

present |nvent|o%&|s E rtlculg%éy??adxﬁgé g%usgﬁéfﬁ[gfmﬁéﬁléerfbbﬁ di rect

synt hesis of hyT rogen oxygen in a solvent in
the presence of a hal ogenated pronoter and an acid pro- noter. The catal yst
is used inet&t-al ytic quantities generally ranging from10-6 to 10-2 nol es

of total nmetal contained in the Liter K¢ Igum
Advant ageous r e SffOFen PRSI é r |é§ gﬁk ?3?’1ys?E¥§%§|ng

from10 4 to 10-3 nol es_of total netal [ ed i |
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m xtures, a mxture of
or diluted oxidizing agents, for example acetic acid, hy-

drochloric acid, sodium carbonate and hydrogen peroxide.

-3 In particular, it has been observed that the catalyst
obtained by dispersing first the palladium and then the
platinum on the carrier, is more active, whereas that ob-
tained by dispersing first the platinum and then the palla-

ﬂdium in sequence, is more selective.

The catalyst of the present invention is particulaxrly
advantageous in a process for the direct synthesis of hy-
drogen peroxide from hydrogen and oxygen in a solvent in
the presence of a halogenated promoter and an acid pro-
moter.

The catalyst is used in catalytic quantities generally
ranging from 10 to 102 moles of total metal contained in
the catalyst per liter of reaction medium.

Advantaéeous results are oﬁtained using quantities of
catalyst ranging from 107 to 107 moles of total metal con-
tained in the catalyst per liter of reaction medium.

The reaction solvent can consist of water, a C;-C; al-



met hanol and water with a weight ratio ranging from50/50 to 99.9/0.1,
preferably from90/10 to 99/1, is preferred. The acid phobeterazadtBé any
substance capabl e of gen- erating H+ hydrogen ions in the liquid reaction
mediumand is generally selected frominorganic acids such as sulfu- ric,
phosphoric, nitric acids or fromorganic acids such as sulfonic acids.

Sul furic acid and phosphoric acid are pre- ferred. The concentration of the

acid general ly.ran from, 20 to 1000 ng per kg of solution and preferably
from 50 tocgbﬁlnﬁrggie%g 5Px§8FEFron_ The hal ogenated pronoter can be any
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production of hydrogen . peroxide is carried out by 1 Decenber 2 ct i ng
t he oxygen and B iBranRESefan &if r?é’d’hﬁﬂbl%'arf e 9 gg’elr?ce%%gfg"%?ﬁe

catal yst and pronoters and in the pres- ence,of .qr without an dJ.nert S
Selec¥ed fr&néhﬁng(iﬁyhy¢ﬁpgen iong in the ilqu18 reaction L1V e

is generally selected from inorganic acids such as sulfu-
ric, phosphoric, nitric acids or from organic acids such as
sulfonic acids. Sulfuric acid and phosphoric acid are pre-
ferred. The concentration of the acid generally ranges from
20 to 1000 mg per kg of solution and preferably from 50 to
500 mg per kg of solution.

The halogenated promoter can be any substance capable
of generating halogen ions in the liquid reaction medium.
Substances capable of generating bromide ions are pre-
ferred. These substances are generally selected from hydro-
bromic acid and its salts soluble in the reaction medium,
for example sodium bromide, potassium bromide, sodium oxr
ammonium bromate. Hydrobromic acid, sodium bromide and po-
tassiumlbromide are particularly preferred.

The concentration of halogenated. promoter generally
ranges frem 0.1 to 50 mg per kg of solution and preferably
from 1 to 10 mg per kg of solution.

The production of hydrogen peroxide 1is carried out by



| ium argon. The gas is preferably nitrogen. The nolar rati

o H2/02 in the

feeding ranges from1l/2 to 1/100, preferably from 1/ 3 fobd¢cBean@O0he
concentration of hydrogen in the gaseous phase in contact with the liquid

reaction nediumis conveniently maintained at a val ue | ower

than 4.5%

nol ar, outside the explosivity limts of-the H2/02/inert gas m xture.
According to an enbodi ment of the process of the pres- ent invention,

reaction can be,carried out usi |nstead fn oh a
i s. typi caFP§CELPE; &be oGFYant€W%53§¢H? é&hg %%ﬁn %ﬁl %ﬁ@ﬁ 1h
preferably from2 to 500 d a ta gPLessur e r th h
pressure, PPefBFSSSHLE P nﬁﬂﬁg Fﬁiygg d3BE° %?%% P THES #ggggs
according to the present _invention can be Sg@ gﬁ& gut bat hmnse
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selected fromthose described in the art tlng§under t he above

condi ti ons}ipm.i 8r9e¥si Ahe I8 bFoHE@geﬁ9B}Xgﬁﬁ pB¥

conditions with a reaction productivity nor rangi ng from 30 200 g

of H202 (expreShed ralapnovstbe K 2%%? ‘ytEPeg%ePééeﬁi%ﬁﬁéﬁﬁLé%?mtéggnber
hour and with a nolar selectivity %?mards the formati H2QO2,

referring to GHdMydrosseraddy FFony dddi 4§

2004 per

de in safety

df and the concen 1on
of hydrogen in the gaseous phase in contact with the liquid
reaction medium is conveniently maintained at a value lower
than 4.5% molar, outside the explosivity limits of _the
H,/0./inert gas mixture.

According to an embodiment of the process of the pres-

ent invention, the reaction can be carried out using air

instead of pure oxygen.

The reaction is typically carried out at temperatures
ranging from -5° to 20°C, preferably from 2 to 50°C and at
a total pressure higher than atmospheric pressure, prefera-
bly ranging from 50 to 300 atmospheres.

The process according to the present invention can be
carried out batchwise, or, preferably, in continuous using
a reactor suitable for the purpose and selected from those
described in the art.

Operating under the above conditions, it is possible
to produce hydrogen peroxide in safety conditions with a
reaction productivity normally ranging from 30 to 200 g of

H,0, (expressed as 100% H,0;) per liter of reaction medium

- 10 -
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60% to 90% The hydrogen peroxide solutions thus obtained can be used
directly in oxidation processes which conprise the useloPe¢@@Rri20Réut
costly internediate processing, such as acid and solvent renoval
operations. The process of the present invention enables the rea- gents to
be transformed into H2OQ2 with high conversions and selectivities

obt ai ning HO2 sol utions without acidity or containing only tracés of

0 ot B el o Ak e i o
R e S S s e R R N
vl 695 5 ot b, Wi B £ Wil et a8+
sol i on oo el GeTint boflery et sfE AL U o BliP o
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water is tHerhdedaHl A S SO Rh IR 1 - cember 2004 m of

The process of the present invention enables the rea-

gents to be transformed into H;0, with high conversions and
‘;y selectivities, obtaining H,0, solutions without acidity or

containing only traces of acidity and/oxr salts.

The following examples, whose sole purposé is to de-
scribe the present invention in greater detail, should in
ﬁno way be considered as limiting its scope.
EXAMPLE 1

Preparation of the catalyst

a) 8 g of activated maritime pine charcoal in powder form
(Ceca 28/E) are charged into a 0.5 liter glass flask, con-
taining 90 ml of demineralized water and 0.28 g of NaCO;.
The suspension is maintained at room temperature (20-25°C),
under stirring, for 10 minutes.

0.;01 ngf a solution of Ih?tCls (8% by weight of Pt)
diluted in 10 ml of water are subséquently édded‘dropwise.

The suspension is kept at room temperature for 10 min-
utes and is then heated in a water bath for 10 minutes to

90°C. A solution containing 0.76 g of sodium formiate in 10

- 11 -



900C for 2 hours. After cooling to roomtenperature, the suspension is
filtered and the recovered charcoal is washed with dis-1tb¢¢etbematedduntil
the chlorides have been elimnated and dried in an oven at 120C for 2
hours. b) the carbon thus obtained is re-suspended in a solution
containing 0.4 g of Na2C33 in 90 m of water and then treated follow ng
the procedure described in a), but using a solution of 0.8 g of Na2Pdd 4

at 100 of Pd, inst e Sf f t 0C, a
cat al yst cB'Srt éf'fnr r‘?\g%%% %% §i%éft%gPgoﬁlgg%ﬁ%/asgdéggr—%gﬁéfis&%

obt ai ned. g)léAﬁgE 2 T s me procedure I s adopted as described in exanple
1, but inveéerti Fhé 8&6 nce of Pt-Pd deposit. In step a) the solution

Na2PdCl 4 is used, andccré)[l&ste tc?) {:8&% sl krgatelr%@hﬁlj H2Rt LI @ﬁsgghggahml@g t he

sanme quanti - ti &8 containi ng and 1% of Pd on ac-

tivated car bon, bt T EXA
e&ada??,g %& 1T'ecé%/YP¢1l=,‘ % (é:%%%%ﬁt'i’&) WA BRA aien i

CO-i rrpregn maritime pine charcoal in powder

form (Ceca 25/E) are char 0.5 Ji
m of deni AdridigS SRRl e’rmg:hﬂ i{y C%l eftcfgga‘g_l' ?ﬁéDeeféle%%grn l%%QEdt i N9 90

dried in an oven at 120°C for 2 hours.
b) the carbon thus obtained is re-suspended in a solution
containing 0.4 g of Na,CO; in 90 ml of water and then
treated following the procedure described in a), but using

a solution of 0.8 g of NayPdCl, at 10% of Pd, instead of
the solution of Hthrcls.

After drying at 120°C, a r:atalyst containing 1% of Pd
"and 0.1% of Pt on activated carbon is obtained.
EXAMPLE 2

The same procedure is adopted as described in example
1, but inverting the sequence of Pt-Pd deposit.

In step a) the solution Na,PdCl, is used, and in step
b} the solution of HPtCls, maintaining the same quanti-
ties. A catalyst containing 0.1% of Pt and 1% of Pd on ac-

tivated carbon, is obtained.

EXAMPLE 3 {comparative)

Preparation of a co-impregnated catalyst

8 g of activated maritime pine charcoal in powder form
(Ceca 2S/E)} are charged into a 0.5 liter glass flask, con-

taining 90 mi of demineralized water and 0.28 g of NaxCO,.
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The suspension is maintained at roomtenperature (20-25C), wunder stirring,
for 10 minutes. 0.101 g of a solution of H2PtCl 6 (8% ' Bybesingietr 800Ft)

and 0.80 g of Na2PdCl4 (10% Pd) diluted in 10 m of water, are _
subsequent |y added dropwi se, under stirring. The suspension is kept at room
tenperature for 10 mn- utes and is then heated in a water bath for 10
mnutes to 90C. A solution containing 760 ng of sodiumformate in 10 n

of water is then added and the stirri i.s continued_a 90C _for. ours.
After cool T ERSPSHRLOIIE m,a’t“r‘?glg%ﬁ’r?& SEPET A ey g&’azr?czi’({]rfe
recovered charcoal is washed with dis- tilled water until the chlorides
have been amdamatdgrimd. dQredd MEMSRfen at 120C for 2 hours. The end
catal yst contains 1% of Pd and 0.1% of Pt, the. actjve phase S i ned
by co-i npregnat %0 Pehnd PP?—LUtERRI\/PIfEmPFSBﬁpg?%tP¥e3’eﬂ‘ﬁ£‘%§§r§gtﬁﬁ
procedure is adopted as described in exanple,_ 3, qtfut uii nﬂ%?nl tt]:e Pd salt
in the preparht® 080 @ oft NpyRdCls bHi%i el dEbAtef nifigtid d “Gh-FHet i -
vated carbon. EXAMPLE 5 (conparative) The sane procedure. is adopted as
descri bed iarexsadptegusit hotaddedAPWi e P94 ¥ preparation. A

catal yst is obtained, containing 0.1%of Pt on acti 1 Decenper 12(5)04.
' The suspension is kept at room temperature for min-

utes and is then heated inra water bath for 10 minutes to
90°C. A solution containing 760 mg of sodium formiate in 10
37} ml of water is then added and the stirring is continued at

90°C for 2 hours.

After cooling to room temperature, the suspension is
filtered and the recovered charcoal is washed with dis-
‘tilied water until the chlorides have been eliminated and
dried in an oven at 120°C for 2 hours.

The end catalyst contains 1% of Pd and 0.1% of Pt, the
active phase was obtained by co-impregnation of Pd and Pt.

EXAMPLE 4 (comparative)

The same procedure is adopted as described in example
3, but using only the Pd salt in the preparation.

A catalyst is obtained, containing 1% of Pd on acti-
vated carbon.

EXAMPLE 5 {(comparative)

The same procedure is adopted as described in example
3, but using only the Pt salt in the preparation.

A catalyst is obtained, containing 0.1% of Pt on acti-~

- 13 -



vated carbon. EXAMPLE 6 Synthesis of H202 A mcropilot plant is used,
consisting of a Hastelloy C autoclave equi pped with a fiheeeadteat 2004
-regul ation system nmagnetic drag stirring, a regulation and control
system-of the pressure during the reaction, a filter for continuously
renoving the |iquid phase containing the reaction products, a feeding
system of the solvent mxture in which the reac- tion takes place and a
series of instrunents for the regu- lation and control of the gaseous
feeds. Thevatemtt¢awbomend is followed by continuously anal yzing the
hydrogen and oxy- gen in the feeding and at the outlet of the reactor. The
sel ecti vi tyXxamPLE r@spect to the converted hydrogen is cal cul ated on the
basi s of the concentration of H202 in the reaction effluent and on the
basis of apahylsésisfofh#.0.H2 | eaving the reactor. The concentration of H202
which is Tormed is determned by titration w th potassium pernan > nat e.
0.6 g of catal ygtmpeepplidtapldescdishatbadh SQmpHiEing Hi @oBaatS? oY

met hanol : wat er solution (95/5 by weight) con- taining 6 ppm of HBr and 300
ppm of H2S84 Aqie calatey eskni pped t W theact Dhermptalt RIWAL 1A pFESEEN zed,
w thout stirring, at 100 bars with -a gaseous m xture consisting of 3.6t of
H2, 10% magnetic drag stirring, a requlation and control system o

the pressure during the reaction, a filter for continuously
removing the liguid phase containing the reaction products,
a feeding system of the solvent mixture in which the reac-
tion takes place and a series of instruments for the regu-
lation and control of the gaseous feeds. The reaction trend
is followed by continuously analyzing the hydrogen and oxy-
ﬁgen in the feeding and at the outlet of the reactor.

The selectivity with respect to the converted hydrogen
is calculated on the basis of the concentration of HyO, in
the reaction effluent and on the basis of analysis of the
H, leaving the reactor. The concentration of Hy;0, which is
formed is determined by titration with potassium permanga-
nate.

0.6 g of catalyst prepared as described in example 1
and 200 g of methanol:water solution (95/5 by weight) con-
taining 6 ppm of HBr and 300 ppm of H,50, are charged into
the reactor.

The autoclave is pressurized, without stirring, at 100

bars with a gaseous mixture consisting of 3.6% of Hj, 10%
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1 Decenber 2004 of 02 and 86.4% of N2. The stirring is then started up to
800 revs/mnute, the pressure is maintained with a cont ilnecousstZoam 700
normal liters (Ni), of the sane gaseous m xture, and 300 g/ hour of a

met hanol : wat er solution having the conposition defined above, is fed at
the sane tine. The tenperature inside the reactor is kept at 6C. The
results are indicated in Table 1. Table 1 Hs of reacti onH202 wt oMl ar

selectivity H2ZQR20% 54. 783 104. 684 4.6 4 504 58.6 L e is
repeat ed uSifn@z 8%t %t © rgﬁaré & FH1ELams 6. qi%e rglé%ﬁFégn% t ai ned

el ect 1 vi % RO AP -ﬁéxab%%f%%%f?il%e“%f%“% Wfen ¥ Bnt inu-
ous stream, 700 normal liters (N1), of the same gaseous
mixture, and 300 g/hour of a methanol:water solution hav1ng
the composition defined above, is fed at the same time. The
temperature'inside the reactor is kept at 6°C. The results

are indicated in Table 1.

Table 1
Hrs of reaction H,O, wt % Molar selectivity
H,00%
5 4.7 83
10 4.6 84
20 4.6 g4
50 4.5 86

EXAMPLE 7
Example 6 is repeated using the catalyst prepared in
example 2.

The results obtained are indicated in Table 2.

Table 2
Hrs of reaction H,0, wt % Molar selectivity
H,0,%
5 6.5 70
10 6.6 71
20 6.4 71A
50 6.6 72
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1 Decenber 2004 EXAMPLE 8 Exanple 6 is repeated using a catal yst prepared
as in exanple 2, but using a sulfonated carbon as carrilePecgremr gaPéd as
described in exanple 1 of Italian patent M 98-A- 01843. The results are
indicated in Table 3. Table 3 Hrs of reacti onH202 W %l ar selectivity
H202% 56. 273 106. 474 206.573 6. 375 P506.6 76 E 6.575 EXAMPLE 9
(conmparative) Exanple 6 is repeated using the catalyst prepared in exanple

3. The result tained are indicated in Table 4. Table 4 Hrs of
reactionHﬁﬂﬂi@%l ar selectivity H202% 54.875 104. 976

Example 6 is repeated using a catalyst prepared as in

example 2, but using a sulfonated carbon as carrier, pre-
pared as described in example 1 of Italian patent MI 98-A-
c1843.

The results are indicated in Table 3.

Table 3
Hrs of reaction - H.0, wt % Molar selectivity
) H,0,%
.” 5 6.2 73
10 6.4 74
20 6.5 73
30 6.3 75
50 6.6 76
100 6.5 75

EXAMPLE 9 (comparative)

Example 6 is repeated using the catalyst prepared in

example 3. The results obtained are indicated in Table 4.

Table 4
Hrs of reaction - Hz0p Wt % Molar selectivity
H,0.%
5 4.8 75
10 4.9 76
20 4.7 77
50 4.6 77
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204. 777 504:677 1 Decenber 2004 EXAMPLE 10 (conparative) Exanple 6 is
repeated using the catalyst prepared in exanple 4. ThelrBsegnberoBP8ined
are indicated in Table 5. Table 5 H's of reaction H202 w % Ml ar
selectivity H2O2% 5 0.9 35 10 0.8 37 EXAMPLE 11 (conmparative) Exanmple 6 is
repeated using the catalyst prepared in exanple 5. The results obtained
are indicated in Table 6. Table 6 Hrs of reacti onH2ZO2 W Mol ar sel ectivity

H2Q20 51. "g@aMpLE 10 (comparative)

Example 6 is repeated using the catalyst prepared in

example 4.

The results obtained are indicated in Table 5.

Table 5
Hrs of reaction H,0, wt % Molar selectivity
H,0:%
5 .9 35
10 0.8 37

EXAMPLE 11 (comparative}

Example 6 is repeated using the catalyst prepared in

example 5.

The results obtained are indicated in Table 6.

Table 6
Hrs of reaction H02 wt % Molar selectivity
HzOz%
5 1.7 22
10 1.5 25
- 17 -



101. 525 1 Decenber 2004 CLAIMS 1. A process for the synthesis of hydrogen
peroxi de by mneans of the direct reaction of hydrogen witbPeosmaganZ00én a
sol vent nedi um cont ai ni ng a hal ogenated pronoter 5 and an acid pronoter, in
-the presence of ‘a binetallic catalyst obtained by dispersing in seqguence
and alter- nating the single nmetal conponents of the catalyst. on a
carrier. . wherein the netal 10 conponents of the catalyst are selected
fromthose of the platinumgroup. The process according to clai mwherein
the netals are palladiumand platinum 3. The process according to claim
2, wher@iXIM$e catal yst 15 contains a quantity of palladiumranging from
~ 0.01 to 5% by weight and a quantity of platinumranging from 0.01 to 1% by
“wei ght,1wit A pmomessi cfoxt Ebeplsymthesim pof | hyduegeandgrare*xidan By1/99.9 to
50/ 50.. The process according to claim3, wherein the catal yst 20.
'‘contains a mgmnsi bf thepailreditumesmtdiony o diydragen wPLh phoXWEeBht and a
quantity of platinumranging from 0.05 to 0.5% by weight, with an atomic
ratio plati-innanmspavieati wadiamgicoptiaiomnyg 99 halGayrated . pra@opescess
according to claim1l, wherein the carrier )

5 and an acid promoter, in the presence of a bimetallic

catalyst obtained by dispersing in sequence and alter-
‘nating the single metal compdnents of the catalyst on

a carrier.

- wherein the metal
10 o componénts of the catalyst are selected from those of
the platinum group.
2. - The process according to claim 1., wherein the metals
are palladium and platinum. -
3. The process according to claim 2 . Wl_'lerein the catalyst
15 contains a éuantity of palladium ranging from 0.01 to
5% by weight and a quantity of platinum rang:i.ng from
0.01 to 1% by weight, with an atofnié ratioc plati-
o num/palladium ranging from 0.1/99.9 to 50/50.
4. The process according to claim 3, wherein the catalyst
20. " ‘contains a quantity of palladium raxiging from 0.4 to
2% by wéight and a quant_ity of platinum ranging from
0.05 to ;).5% by weight, w_:'nth an atomic ratio plati-
num/palladium ranging from i/99 to 30/70.
The process according to claim 1, wherein the carrier

25 is selected from activatie;d carbon, activated carbon

- 18 -



25 is selected fromactivated carbon, activated carbon | Decenber 2004 |
functionalized with sulfonic groups, silica, alum na, s}|becanaeun?®dd and
zeolites. 6.The process according to claim5, wherein the carrier is-an
.activated carbon with a | ow ash content and a 5surface area of at |east 100
n2/g. 7.The process according to claim6,wherein the acti- vated carbon has
a surface area higher than 300 ma/g. 8. The . process according to claimnt,
wherein the binetallic catalyst is obtained by: 10 (a) preparation of the
solutions or suspensions of the precursors of the single netal conponents
of the cata- Bupdtdionadd@ed Withdisipfenish growpe, ssilirans adumisgbensi ons
~ob- tained in (a) in _sequence on a carrier; 15 (c) treatment of. the
cat al yst wit lsidicedadumgnagend spolikesmetal and drying at 120-140C bet ween*
one di sper- sion and another. 9. The process according to claim.8, wherein
'steps (k) -amhe( Prow@sshaqaepeking] tonoelaim sey evbeéreinethe 2arxderThe
process according to claim8,, wherein the precur- sors of the netals are
their salts dis sai uateivated pbaexbenselicht ed lowmasbetaumdssnihaandes and
nitrates. .11. The process according to claim8, wherein the disper-

5 surface area of at least 100 m’/g.

7. The process according to claim 6, wherein the acti-

vated carbon has a surface area higher than 300 m®/g.

The process according to <claim 1, . wherein the

i é bimetallic cataiyst is.obtaihed:by;
| ,10 _ (a) preparation of the solutioﬁs or suspensions of the
precursors of the.single metal components of the cata-
~ 1lytic system;
(b) ciispersion of the solutions or suspensiéns ob-
tained in (a) in sequence on a carrier;

15 " (¢) treatment of the catalyst with a reducing agent of
the metal and drying at 120-140°C between one disper-
sion and another.

5 3 g. The process according to claim -8, Whe:ein‘stgps {b)

‘and (c) can be repeated once or several times.

20 ;7. The process according to claim'8:, wherein the precur-
sofs of the metals are their salts or soluble com-
plexes selected from. acetates, hélides and nitrates.

_11_ The process according ﬁo claim 8 , wherein the disper-
sion of the precursors of the ginéle metal cqmponenhs

25 ~ of the catalytic system on the carrier is carried out
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sion of the precursors of the single netal conponents 25 of the catalytic
systemon the carrier is carried out 1 Decenmber 2004 byl meaesbef 2004 -
precipitation, inpregnation or adsorption. 12. The process according to
.;claim8, wherein the reduc tion-of the netals is carried out by means of
thermal and/or chemical treatnment wth reducing substances 5 such as
hydr ogen, sodiumformate or sodiumcitrate. 13. The process according to
claiml, wherein the reaction nmediumis selected fromwater, a Cl-C3
al cohol of a mxture of these. 14. The process' according to claim 13. _
~wherein the dyakns iofl priecipdithddon, isprepgmatiococess adsorptiion-to claim
13, wherein the reac- tion mediumis a m xture of alcohol;water with a
wei ght rat o Tisé webocede aaocordimg ngof daiso: $0 vher@bn 9tbel retlict6. The
process according to claim1-5, wherein the weight ratio al cohol: water
ranges from ckd ¢H e metdls The pavried autobyi mgans ofaithekrmadher ei n
the hal ogen- ated pronoter is selected from substances capabl e. of
generating halRyest | @henicaihetkeqtindnt cactitbn retlicing 2@GukBitafivespr ocess
~according to claim 17., wherein the hal o- genated pronoter is selected
f rO"QsSUbSt an%&mwmﬁr@emewwgmm orowediugh cisrayer.obr onmi c
aci d
1'3 The process according to claim 1, wherein the reactJ.on
medium is selected from water, a C;-C; alcohol or a
‘mixture of these.
14. The process according to claim 1 3 . wherein the alc¢ohol
10 is methanol.
15.. The process according to claim 13, wherein the reac-
-~ tion medium is a mixture of alcohol:water with a
weight ratio between the two ranging from 50:50 "to
99.9:0.1.
15 16. The process according to claim 1.5, wherein the weight
ratio alcohol:water ranges from 90:10 to 99:1.
17. The process according to claim 1, wherein the halogen-

ated promoter is selected from substances capable. of

‘\—-—,/ o '

generatlng halogen :Lons in the 11qu1d reaction medium.
20 18. The process accor_d_l_lng to claim. 17, wherein the halo—
_genatéd promoter is selected from substances capg_ble
of generating bromide .ions such as hydrobromic acid
and its salts soluble Ain the reaction medium such as

alkaline bromides, sodium bromate or ammonium bromide.

25 19. The process according to claim 1:8, wherein the com-
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and its salts soluble in the reaction nedium such as al kaline brom des,
sodi um bromate or ammoni um-brom de. 25 19. The process acoreaibeg £00&| ai m
1: 8, wherein the com 1 Decenber 2004 pound is hydrobronm c acid, sodium
dbrom de or. potassium brom de. 20. ,  The process according to claim1,
wherein the concen tration of hal ogenated pronoter ranges fromO0.1 to 50
- mg per kg .of - solution . The process according to claim20, wherein the
concen N 21. - tration of hal ogenated- pronpter ranges from1l to 10 ng
. per' kg of solution. 22. The' process according to claiml1l, wherein the

acid 10.propound iis dadgobsemicoarddhs saddun géﬁ@%ﬂ@ 6F - pOFSESI ng. H+
hydrogen ions in the reaction nedium 23. The process according to claim
2.2, wherei nkdomisiei.d pronoter is selected frominorganic acids such as
sul- furic, phosphoric, nitric acid or fromorganic acids 15 such as
-sul f oni 20aci dhe drocEss maswaskinge dor dikain ot ¢l Whereiy, thReceneete acid
pronmoter is sulfuric acid or phosphoric acid. 25. The process according to
claim1, whersiatidie afbtedogemradedo pismatier asinggs oke®r 0k An§es ¥& om 20 to
1000 ng 20 per kg of solution.

5 mg per kg of .solution.

21; The process aqcording to claim 20, wherein the concen-
tration of halogenated promoter ranges from 1 to 10 mg
per kg of solution. _

22. ‘The process according to claim 1, wherein the acid

10 promoter is selected f;om substances capable of gener-
ating H' hydrogen ions in the reaction medium.

23.. fThe process according to claim 22, wherein the acid
promoter is selected from inorganic acids _suc:h as sul-
furic, phosphoric,_nitric acid or from organic acids

15 such as sulfonic acids.

24. The érocess according tc c¢laim 23, wherein the acid

proﬁoter is sulfuric acid or phosphoric acid.

. 25. ‘The process according to claim 1, wherein the concen-

' 't-.-/

tration of the acid pronioter ranges from 20 to 1000 mg
20 pér kg of solution.

26. The prbcéss acco}ding to claim 25, wherein the concen-
tration of the acid promoter ranges from 50 to 500 mg
per kg of solﬁtion. |

27; The pr;cess according to claim 1, wherein the catalyst

25 is used in guantities ranging from 10°° to 1072 moles
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26. The process according to claim215, wherein the concen tration of the
aci d pronoter ranges from50 to 500 ng per kg of sol uti énPe@mberTRE0Hr ocess
according to claim1, wherein the catalyst 25 is used in quantities
-ranging from10's - to. 10-2 noles 1 Decenber 2004 of total netal contained
in the catal yst per liter of reaction nmedium 28. The process according to
claim2.7, wherein the cata- lyst is used in quantjties ranging from 10-4
to 10-3 5 noles of total netal contained in the catalyst per li- ter of
reaction nedium 29. The process according to claim1l, wherein the reaction
is carried oof aotal extmlatcontained)i iy theosatalyst pegcliter3@f The
process according to claim?29, wherein the '"tem perature ranges from2 to
50C.. 31. Therpaatdom aecdnrgi.ng to claim 1, wherein the reaction 15 32. '33.
is carried out at a total pressure higher than atnos- pheric pressure. The
procesggaccomtienpracedsi acddrdingr bon cladm @4l wierebur Eheaggda+from 50
to 300 at nospheres. The process according to claim1, wherein the_ynlar
rati o hydrogegstoxygeased tile queadiitiemngesgingnfrom 10 to 10

5 moles of total metal contained in the catalyst per li-

ter of reaction medium.

The process according to claim 1, wherein the reaction

29.
g is carried out at a temperature.ranging from -5 to.
; 90°C.
| 10 30. The process according to claim 29 wherein the tem-

perature ranges from 2 to 50°C.

31;* The process according to claim 1, wherein the reaction
is carried out at a total pressure higher than atmos-
pheric pressure.‘

15 32. The process according to claim 31, wherein the total
pressure ranges from 50 to 360‘atmospheres.

.33 The process according to claim 1, wherein the molar

AFE

_ratio hydrogen:oxygen in the feeding ranges from 1:2
to 1:100. '

20 "34. The process according to claim 33, wherein the molar
ratio h&d&ogéﬁ:oxygen-in the feéding ranges from 1}3..
to 1:15. .-

35. The process according ﬁq,claim 1, wherein the reaction
ié carried out -in the preseﬁce of an inert gas se-

25 lected from nitrogen, helium, argon.
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to 1:100. .20 _34- The process according to claim 3-3, wherein the nol ar
rati o hydrogen: oxygen in the feeding ranges from 1:3 {#oDdcehder33008he
process, according to. claiml, wherein the reaction is carried out -in
-the presence of an inert gas se- 25 lected fromnitrogen, helium argon. 1
Decenber 2004 36.. The process according to claim35 ., wherein the inert
gas i-s nitrogen 37. The process according to claim1, wherein the concen-..
tration of hydrogen in the gaseous phase in contact 5 with the liquid
reaction nediumis maintained at a value |oywer than 4.5 nolar. 38, The
process RLCorHeNPricvedsaiandordimy eta chaimeadti otheyesin abheedn®RT usi ng
air as oxygen source. 39. The process according to claim1, wherein the
reacti on 109g§ gar hiiedtogeh. bat chwi se or in continuous. 40. The process
according toclaim1l1, wherein the solution of hydrogen peroxide is used
directly+ n §ReOprdricisdN addcacdsyy dfo ackaimst: ateherednt thef comasitet i ns,
aromat'i ¢ hydrocarbons, ammoni a and carbonyl conpounds. using'ti- 15 tani um

silicalite agygeianydf Hidrédgénninalthe gasebust phsefeul ikocat@qs oduction
of - hy- drogen peroxi de obtained by dispersing in sequence and alternating
the precursogsepf ¢he 35g8ka "Béadtiowpmedium is maintained at a
value lower than 4.5% molar.
3g. The process according to claim 1, wherein- the reaction
is carried out 'ﬁsing air as oxygen 'sourc_:e.
39. <The process according to claim 1, wherein the reaction
.10 is carriedfout batchwise or in continuous.
'40. -The process according to claim 1, wherein thé solution
" of hydrogen peroxide is used difectly in an oxidation
process c';»f a substrate selected from olefins, aromatic
hydrocarbons, émmonia'and carbonyl compounds. using ti-
C 15 - ‘tanium silicalite as catalyst.

. 41. A bimetallic catalyst useful for the production of hy- -
drogen pero#ide obtained by dispersing in sequence and
aiterhating the precursors of the single metal compo-
nents of the catalyst by :

20 - ‘(a) preparation of the solutions or suspensions df‘fhe
“ "precursors of the single-metal cbmponent_s-of tl}e ‘cata-
-lytic system; ‘
" {b) dispersion of the. solutions or suspensions ob-
tained in (a) in sequence on a carrier;

25 (c) treatment of the catalyst with a reducing agent of
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nents of the catalyst by . 20 (a) preparation of the solutions or
suspensi ons of the -precursors of the single netal conpénbetenbsfc £hedcat a
lytic system (b) dispersion of the solutions or suspensions ob- tained in
~(a) in sequence on a carrier; 25 (c) treatnent of the catalyst with a
‘ reduci ng agent of 1 Decenber 2004 the netal and. drying at 120-140C between
one di sper- "sion and another. 42. The catal yst according to claim 41, .
wherein steps (b) and (C) can be repeated once or several tines. 5 43. The
catal yst. according to claim4l-, wherein the netal conponents. of the.
catal yst ar egleel metell Ahamdrpong eft 130 IPIeMA rbetwEen one 4disgdwe- cat al'yst
according to claim4l, -wherein the netals are palladiumand platinum 10
CATALYST ANLQ;f50GERD RaRbdidx DI RECT SYNTHESI S OF HYDROGEN PEROXI DE.
Abstract A description follows of a binetallic catal yst, obtained by
di sperghng ighe COEATPs@NdcabiaiAgt 8y didnprécunamreisl stdies s{l e net al
conponents ‘of the catalyst on a carrier,

and (¢) can be repeated once or several times.

5 43. Th.e- catalyst according to claim 41, wherein the metal
components of the catalyst are selected from those of
the platinum group.

44. fThe catalyst according to claim 42, . wherein the metals

are palladium and platinum.

10

P
"\-l.'-)'. . B
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and a process for the synthesis of hydrogen peroxide by the direct

reaction of hydrogen with oxygen, in a solvent nme- diumlcb otz
/ en, - eteanbsEmgoad
hal ogenat ed pronoter and an acid pro- noter, in the presence of sgid

cat al yst.

CATALYST AND PROCESS FOR THE DIRECT SYNTHESIS OF HYDROGEN
PEROXIDE.

Abstract

A description follows of a bimetallic catalyst, obtained by

dispersing in sequence and alternating the precursors of

the single metal components of the catalyst on a carrier,

and a process for the synthesis of hydrogen peroxide by the
direct reaction of hydrogen with oxygen, in a solvent me-
dium containing a halogenated promoter and an acid pro-

moter, in the presence of said catalyst.
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