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 aqueous phase.

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-



This procedure is expensive owng to the high invest- nent costs necessary
for the conplex production unit in- volved and the necedsPegerdfers@g@ldati ng
and di sposing 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 hydrogen perox- ide fromHzZ
and 02 have been proposed in the art for over com ng these di sadvant ages.
These processes, genetall VA CoR8l shéRdoRidazaabl e
net al , par??ﬁﬁ?ggﬁngﬁ%téﬁgégfg?hgﬁ%?gt% ﬁﬁ?g?ﬁ%ﬁa%r their mxtures, in the

formof salts,or.,as su r al S1.1 EQY 1 EXaNBLEqushSl v Pakepsistdd 7in, 458
and 4,832,§é§hd3}rsé¥ﬁ ngﬁggﬁggéé ?%%g?hé synthe%?s ofyaqueous sol uti ons

of H22 using a cab%]ést based on pal |l adi um and/ or plati num supported on
carbon, in2BHECPFPePEREE ‘of hydrogen ions and bronide ions. Quantities of

acids ranging from2.5 to .10 q/]i 1 al | Yo I €gdl heghf ehvektai ni ng
hi gh concen- trafinPTGGPES q‘#neé)gfseer?%ﬁeﬁi gﬁ o

! . . . quantit!es of acids creates
he. cat al ySeRtn GHRET CBEFPARSREAITE HoFh o Re E DlaRhsr 5504 wonsequent
| addi ] oNOIRerhdTE SERARe. 0T KERRa e et e S e ar e
drffieult &J(;f—lfpsr%c{)uvgtnsg éer&ehx?ag]eicg hd&%:il.rgg 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 fpr obtaining high concen-
trations of H0:.

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-



content. These processes al so operate under critical condi- tions as
cqncentraplons.of H2 higher.than 5% (17% or over) are udsBdcewiddr 2€8pect to
the reaction m xture and conse- quently fall within the explosivity limt
of H2/02 mx tures. Patent application EP-492. 064 describes a process for

t he synthesis of hydrogen peroxide from hydrogen and oxygen which uses a
cat al yst based on pal |l adi um supported on a hal ogenated resin, in

particul ar g, hEguLARt ethsilabi TARE! 8 VDot enzengacasyse Bl repatbgani s
carried ouf In ter, 1n the présence of an acid selected frgggsu?fﬁric,

phosphori c RiBEi 6 id, OpeRALkAg according to this process however
concens- tr%?%%nsa%f ﬁ%gg OP g@but 0. 58% ar e obt ai ned. Pa?ent application

EP-504, 741 descilbey o dALACCImddY ridife Syudidmsionafl HRD2b1e01oxdr ogen and

oxygen which useés a cataly ased on pal |l adi umor platinum supported on

an acid o uperaci arrl.erysss X} ot i i
zZi rconhum gf&’c ﬁ@g@%ﬁ?&o‘%gﬁaﬂlﬁ%ﬁ%ﬁdﬁi%% ?ﬁ?ﬁgpr'og?s%?q%%lr@gggr]{d
peroxide 1is in | i haps

D004  Pat enEoBE8NTs, 15575, PLabeareR: 13, Ppeaater Bhler 1201 Hlbas Rt 202

o1 P RSO SERL H ot Srt, dpseonon s ure

reaction is carried oubioglele {8 LHE RLGRRREH Wil dgnboRenkl-S
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%.



brom de). Concentrations of H202 equal to about 1. 1% are obtained. These
processes of the known art are consequently characteri 2elebgmized GR04
productivity and selectivity of the reaction and by the production of H202
solutions which are too dilute for an econom c industrial exploitation.
Italian patent application M 98-A-01843, filed by the Applicant, relates
to a process for the direct synthesis of hydrogen peroxide using a

cat al yst based orPgi@ntadPufn and/ 10, gl at Aaswwidesi npr egmatess onfex sulbfeonat ed
activated carbon. Summary of the Invention In one aspect of the present
invention, t$wrtdesssppHiBedrom dyegss fod thgegywltlg@*si@e@f ahgardlget
peroxi de by neans of the direct reaction of hydrogen with oxygen, in a

sol vent nedvaffdc ot dadilagliam har opeakiwih prupsrérdant &n hetedopebymstisr | in
the presence of a binetallic catalyst obtained by dispersing in sequence
and al t er natTafy tHECIPRLE elthetadier . cERPpoReMEE Bf ishEagat af y’tt okt avatd™r i er
wherein the netal conponents of the catalyst are selected fromthose of
the platinuth gitfipPrasdEefferozo0de| Hoafiot(Rep A8PERE/ btathe for erdimm
invention, there is provided a binetal lic catalyst useful for the

product i on F*HYdLdgeFPErEHLFaRITbt aPhedidy dFEFer stAg P Eeqliehte Hhtd
alternating the precursors of the single netal conponents of the catalyst
by : (a) prefdPdte8n of the solutions or suspensions of the

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.



precursors of the single netal conponents of the catalytic system (b)

di spersion of the solutions or suspensions obtained in (apecémbeye@i€Ace on
a carrier; (c) treatnment of the catalyst with a reducing agent of the

metal and drying at 120-140C bet ween one di spersion and another. Detail ed
Description of the Invention It has now been found that by carrying out the
reacti on between hydrogen and oxygen in the presence of a binetallic
cat al yst prepar edrbyagkhger s¢srpdin seqibaceorasgntl tiowveatiioy, thergr esursors
of the single netal conponents of the catalyst on a carrier, it is
possi bl e t o RFEidede at Famgtahbbeksatdludte vigfown ot Wescpidhtabovef This
preparation nmethod also allows the activity and selectivity of the

catal yst, tHwdregaeememiion ofbipidedgehy peticRiedeing dons@spgueoee ofand
hydrogen, to be nodulated in relation to the - 4a 1 Decenber 2004 process
requi r ement SERANATERY abhe | Y BITSCAW RiEt dbRalsdnoter mekahprempaRnéestot
hydrogen. In particular, the use of these catalysts gives the follow ng
advant ages: {19 ceRalydsdivbicl ity of using extrenely |low quantities of
hal i des (< 10-4 noles/1) and free acids (H{ < 10-2 noles/1) in the

reacti on mediddm PFRPTHALheRéf i ERAI FFHEAPES 0N heSUsPERBiPREy OF tHhe

catal ytic system and H202 sol utjons ob- ,
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

- da -



tained, thus allowi ng the possibility of directly using the above
solutions in oxidation processes. The presence of onlylt Pacembaf 288k des
and acidity is not a disadvantage for direct use in the above reactions as
the possible in- troduction of salts or acidity in downstream processes is
mnimzed. (ii) the production of hydrogen peroxide solutions in ade- quate
concentrations for direct use and economcally valid in oxidation:-

processes, eneraII rangi ng . from.2%t [

pOSSIbI|ItP% ﬁ%ﬂ aP8a8t|§%£%ﬁag¥Y ﬁ% % s£bk§8%§lt?8ﬁé
fact, belom1496by ol une dr ogen neans operatlng mell out si de the
epr05|V|tF qﬂgﬁ h%? 83 xt ures. I n accordance mnth this, the

present invention relates to a |netaII| alyst 0 ed [ rsing
in sequence and Il RRFHEEHRT ¢ hk ﬁréﬁﬁ?s%fs%§Pthe%ﬁ%ufgég %oﬁ%%hents
1 Decenber 2004 of the catalyst on a carrier, and a process for t he synt he-
sis of hydﬁﬂ%%?ﬂ%ﬂQDGQﬁ?QﬁP S direct reaction of hydrogen with oxygen

Promoter 16X hES caeRERo bt O6 B ERNRy S TR a 1 1t dh ke e éafyst
Bfggaﬁgilggﬁﬂﬁﬂ$ggsgg|a9|OEQSGEQE eg%ﬁiﬂ%ﬁgtggnb¢%c8$1a|nigzb%KFhe S|ngle
et Conpggfnégeoieégglggtggéiag L hlS 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



tem (b) dispersion of the solutions or suspensions obtained in (a) in
sequence on a carrier; (c) treatnent of the catal yst w flthDacemuuci2@f4agent
of the netal and drying at 120-140C between one dispersion and another.

I'n the preparation of said catalyst, steps (b) and (c) can be repeated once
or several tinmes. The nmetal conponents of the catal yst are selected from
those of the platinumgroup. Palladiumand platinumare preferably used.

e RSN g e oo
palas un st s Pl SO L B eI S TR
p atnom Y ety it o8 O o G T i an
The di sperRYFRCHFT t‘?é%ac?‘?v@ccl ngnbgg%quﬁnggggi%{éggc%ﬂé ggfg??éea%tizg. by

means of precipitation, inpregnation or adsorption starting from solutions
of their s%??%fﬁ?tsolu- bl e conpl exes sel ected from acetates, halides and

nitrates. The reduct]on of the Garalyst PAMRREA! 2ok0 chie gRidses of
the present invention is obtained by:
ka) 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 carfier;
-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.



state can be carried out by means of thermal and/or cheni- cal treatnent

wi th reduci ng substances such as hydrogen, sodium for nilabesembedi gAP4
citrate, using preparative nethods well known in the art. The inert
carrier- can consist of activated carbon, silica, alumna, silica-alumna,
zeolites and other materi- als well known in the art. Activated carbon is
preferred for the preparation of the catal ysts. useful for the inven- tion.
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car bonat e é—n(c?f’nﬁﬂ o?j%/n“beggxi de. In parti cul gr, ir?Chagr iogeﬁcl)b:sef\?gldurhat

bl at i num on t ho The AATReTELTbRE dath AEC U PRE A iy hd Wl 1
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-



tained by dispersing first the platinumand then the palla- diumin
sequence, is nore selective. The catal yst of the presenf Pescmiteirod0P4
particularly advantageous in a process for the direct synthesis of hy-
drogen peroxi de from hydrogen and oxygen in a solvent in the presence of a
hal ogenat ed pronoter and an acid pro- noter. The catalyst is used in
catalytic quantities generally ranging from10-6 to 10-2 noles of total
nmetal contained in the catalyst per liter of reaction nedium Advantageous
resul ts ar B®§6tai ned using quantities of catalyst ranging from10_4 to

10-3 noles of total netal con. g ped i ca I r 1@£ Qgrﬁeaction
medi um, The re38€i &R oISt %nai ofiS| gf)hagr [Eﬁja)ﬁla CPC‘? al 1 Decenber

2004 cohol or their m xtures. Anong Cl-C3 al cohols, methanol is preferred

for the p®&tdoses of the invention Anong t he m'xtures a mxture of
met hanol and water with a

lo_ranging. fr 1,
preferably fronﬁ@@@ﬂ?iﬁ?RRﬁ?ﬁi eF@FFgg °$ﬁe°§gkggg%g E%r%%g%h%e any
substance capable of gen- eratin hydr oge n ui e i on
medi um and thes anisraied %@%‘B?e%a?r}c‘) ? ‘éﬁ?‘g é@i §Eg§ %hgs Sglﬁ:?if %g-,t ric,
phosphoric, nitric acids or from organi c aci ds Suc!

Sul furic aciabtEmy pridaphbiselbked) watenoF Al eltglolr{flccfen ratbiadocgna%zf t he

acid generally ranges from 20 to 1000 per solupign ref er abl
fronigOIJ)orydlluged oxidizing agentsln%or exéhéqe ace a%ﬁﬁ,pﬁﬁ- y

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 ffom 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-



500 ng per kg of solution. The hal ogenated pronoter can be any substance
capabl e of generating halogen ions in the |iquid react ilofepstiarm2004
Subst ances capabl e of generating brom de ions are pre- ferred. These
substances are generally selected fromhydro- bromc acid and its salts
soluble in the reaction medium for exanple sodium bromni de, potassium
brom de, sodium or ammoni um bromate. Hydrobrom c acid, sodium brom de and

Rl ogenat eGoBFImStot Ao RAPTS Panges. from 0. 1 {0 50 g per kg of sol uti on
Eyg 852?;2?’% B8R i te BT 1 BSbERieY Z0b4eFaaePral e otteen and
rogen in e reactj ' i
proters i e AR o BRSSP 8,08 Bkt o
21 02 i ' REURERE G b REeF, BAED 2 TS OISt eP SRSBRg FFEm 2P35% 1) 15
Taul 1 oRe 1A kB LT Sy T Sned T 4% AFEE TOREr  than
Accor Ging o an TGN REIONH CFbIT ST SR CHSE. CORPDIR, S BoRL the.
reaction can be carried out using air instead of pure oxvgen.s; ’
erating H' hydrogen ions in the l1iqu d Teac¢tiohmedium and
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 or
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



The reaction is. typically carried out at tenperatures rangi -

90C, preferably from2 to 500C and at a totgP pressurelhggggﬂgﬂLéggz > e
atnDspherlc pressure, prefera- bly ranging from50 to 300 atnospheres. The
process according to the present invention can be carried out batchw se
or, preferably, in continuous using a reactor suitable for the purpose énd
selected fromthose described in the art. Qperating under the above

conditions, it iis possible to hyd i de. |

C?nd:-lt2 i)(z)n?rﬁ)??ﬁlﬁg E&&c CRYF by S&p]@gr %%\(ﬁeﬁ%?yeﬁ%%%gm%e#g%ég&ﬁlg&?r%%gg%a(t §™200 g

o] expressed as 1Q0% H202 er liter_of ti di

2004 per HBEF BRASHER R T R e
rring to e hydrogen used up, ranging f 60%1t0 90% ’

per oxi de” sBREEi 8fs OFh¥s tHHIAi fBq Lhexh @sgggggg{e?gcﬁgmiﬂ1%§;g§Ppgﬁa99€“

processes which conprise the use of H2O2 without costly internediate

proceSS|ng}lu@ucﬁrﬁ§nacFﬁeaﬂéss&FVBFFfFEﬁBiglnb EP4ftons. The process of

t he present invention enables, the rea-, gents e transforne int9%ﬁ2c2

. . t
with high conveﬂbﬁoﬁpkﬁﬁir%&&%xﬁ%(@%i%%,tB%tggﬁBﬁﬂnga?Qﬁﬁ T3Ms it hout

acidity or containing only traces of acidity_and/qQr salts. The fol.l ow n
exanpl es, wnpﬁdlﬁ&,eﬁﬁﬁﬁﬁé§@1WéfF@mdé/§cFPbé/ﬂﬁeaﬁaeEEﬁtCpﬁggﬁgfgﬁifﬁ' )
greater detail, should in

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
ﬂinstead 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 thﬁsé
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 -



no way be considered as limting its scope. EXAMPLE 1 Preparation
catalyst a) 8 g of activated maritime pi Ircl)e charcoal in pogdmmbfegcr ng)gtcgga
2S/E) are charged into a 0.5 liter glass flask, con- taining 90 m of

dem neralized water and 0.28 g of Na2CO3. The suspension i s nmaintained at
roomtenperature (20-25C), under stirring, for 10 mnutes. 0.101 g of a
solution of H2PtCd 6 (8% by weight of Pt) diluted in 10 ml of water are

subsigurenntn 'E,&Feglded drapyi. ko ﬁeI&%‘iS&U%aﬂ% gwcga 18 FHUNIATRRAIRIT ©

fAO;oI ution cont ainin s%cijll lr,} Ttor 1 Dettaber 205 r9710C f
AL e WG e T
covrcd ol 0 R e SRR oo P FRE S
carbon t hu§ahtRg n‘é%ie‘gsg?'ﬁ {ig e%ﬁeglr%}ﬁg‘ggg %?,g%séggn@%i{lzcor@riﬁ

Na2CO3 in 90 ml of water_and then treat ollo

descri bed ithen) usgut OhisiHeyz FGIMY oF° 5’?}‘ .8lnt¥\%19%%%§%lpﬁgt 100 o?' Pd
I nstead of the solutjon of H2Pt O 6. After, dryin A 120C a catal yst ’
cont ai ni ng suehfaPEcHhERA JPfenh TR é‘{ daron is obt ai ned.

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.

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

Tﬁe 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 -



EXAMPLE 2 The same procedure is adopted as described in exanple 1, but
inverting the sequence of Pt-Pd deposit. In step a) thelsbiadmber RA2PIC 4
is used, and in step b) the solution of H2PtC 6r naintaining the sane
quanti--ties. A catalyst containing 0.10 of Pt and 1% of Pd on ac- tivated
carbon, is obtained. EXAMPLE 3 (conparative) Preparation of a
](c:O-I rrpztca:gnat (23(;/ (éat alyst 8 g of activated maritine pine charcoal in powder
orm ca r ar, ite fkas aigi ng 90
ot of dent ibr &1 %«@%e%afi%r 5 AR e herae BHEsg 185 tongBEgeRnEY "0
uspensi on i I nt e room tenperature (20- 25C), under stirrin for
(1)0881 nut ?SN:;SZ% 151 Cl;)I ution of Pt 6 (8% ' by wei ght of Pt) g',nd

g o % P d|| n t u I
?g(rjecliodr opWi ste %ﬁ&% ‘"soﬂlﬁ'“l%h Tﬁgoéué%% rsglrg%tulfga g%%e a?ﬁrgg%i#ng%gﬁpg?atﬁre

m n-_utes en heat ed waler 1ba ’ eyt 90C.

degljut | gntfﬁdfﬁe?ﬁ n ‘;6 B?C%V%r %hr m atat-;-,L |%918%Sh%%ophﬂvxg%e?llf t hen

an e stirrin |s cont ued f LS e1Akligate@oldhg to
room t enpertdtided ¥ g % %%%e a‘ﬁgd itaﬁ% recovered charcoal is

washed with dis- t|IIed wat r
dried in an oven e 4% t()I"lc tthe chlorjdes have been elim nated and

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 éatalyst 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,.

- 12 -



dried in an oven at 120C for 2 hours. The end catal yst contains 1% of Pd
and 0.1% of Pt, the active phase was obtai ned by co-i njrBgrebean2604Pd and
Pt. EXAMPLE 4 (conparative) The sane procedure is adopted as described in
exanple 3, but using only the Pd salt in the preparation. A catalyst is
obt ai ned, containing 1% of Pd on acti- vated carbon. EXAVPLE 5
(comparative) The sane procedure. is adopted as described in exanple 3,

but using only the Pt salt, in the preparation. A catalyst i btaingd,

cont ai ni ng TiRe1 FUGPEPSIOT F& ima]?'ﬁ@ééﬁ?ﬁ’:raf?éfé’?“bgteg@efgr%ﬁgﬁ 3(2%(2%5@ ‘6
Synthesis of H202 A micropilot plant is used, consisting of a Hastelloy C
aut ocl ave aq@erpatininimd BT ids ™ E&Syul ati on system  nagnetic drag

stirring, a regulation and control  ,system of {Lhe é)%e sure.durin tIQ:e)
reaction, a fil terl®lorg coht RnEedEE}onr fpHRECLne ($7 q deﬁﬁgg‘é Eontai’ni ng
the reaction products, a feeding systemof _the solyent m xture in which
the reac- tarmmh @ ak@sg ppicHaaP@Ch: sEFqesPe) ‘iihjs‘t‘?%‘greﬁ?slpofﬁt ﬁfr%ag =*1ation
and control of the gaseous feeds. The reaction trend, is followed by

cont i nuous|lararailysequentiley adied cdrepit gy YT (FF e %% edi ng and at the

outlet of the reactor. The selectivity with respect to the .
' The suspension is kept at room temperature for 10 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
E:r’ 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-~
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converted hydrogen is cal culated on the basis of the concentration of H202
in the reaction effluent and on the basis of analysis éfDe¢dmnbel?2p@4vi ng
the reactor. The concentration of H202 which is formed is determned by
titrati-on with potassium permanga- nate. 0.6 g of catalyst prepared as
described in exanple I and 200 g of methanol:water solution (95/5 by
wei ght) con- taining 6 ppmof HBr and 300 ppm of H2S04 are charged into
the reactor. The autoclave is pressurized, without stirring, at 100 bars
with a gaseowesd ngaathw®. consi sting of 3.6t of H2, 10% 1 Decenber 2004 of 02
and 86.4% of N2. The stirring is then started up to 800 revs/minute, the
pressure iBXAMPLE a6 ned with a continu- ous stream 700 nor nal Iiters,(Ni)
of the sare gaseous mixture, and 300 g/hour of a methanol: water sol ution
havi ng t heysonpebstobnHdefi ned above, is fed at the sane tinme. The
Er:g}agr?t u_rl_eb: nszildfdit he reactor is (I;;pt %ﬂvgc' The results are inilgcat ed in
. Table sropileacpilent2(z ws Nl tel Y
104. 684 204. 684 504.582 P - %ﬂﬁ%&ﬁg\ﬂﬁyakﬁﬁﬁﬁ@b 3763
¢ autoclave equipped with a thermostat-regulation system,

magnetic drag stirring, a.regulation and control system of
ﬁhe 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-
gen 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%

- 14 -



EXAMPLE 7 Exanple 6 is repeated using the catalyst prepared in exanple 2.
The results obtained are indicated in Table 2. Table 21HPscefibgred8PionH202
W %l ar selectivity H2ZO200 56.570 106. 671 206.471 506.672 1 Decenber 2004
EXAMPLE 8 Exanple 6 is repeated using a catal yst prepared as in exanple 2,
but using a sulfonated carbon as carrier, pre- pared as described in
exanple 1 of Italian patent M 98-A- 01843. The results are indicated in

106, 472 2060515 GRSy Psth. girle The sritiiny £ SR VEEA-EEAUSRT
800 revs/minute, the pressure is maintained with a continu-
ous stream, 700 normal liters (N1l), of the same gaseous
rr.iixture, and 300 g/hour of a methanol:water solution Having
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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E 6.575 EXAMPLE 9 (conparative) Exanple 6 is repeated using the catal yst
prepared in exanple 3. The results obtained are indi catlebBe¢embEabl2804.
Table 4 Hrs of reactionH202 wt %bl ar selectivity H202% 54. 875 104. 976
204. 777 504:677 1 Decenber 2004 EXAMPLE 10 (conparative) Exanple 6 is
repeated using the catalyst prepared in exanple 4. The results obtained
are indicated in Table 5. Table 5 Hrs of reaction H202 wt % Ml ar

selectivit¥ Hﬁg&g@g 0.9 35 10 0.8

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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37 EXAMPLE 11 (conparative) Exanple 6 is repeated using the catalyst
prepared in exanple 5. The results obtained are indi catteBe¢embEab2808.
Table 6 Hrs of reactionH2ZO2 W Mol ar selectivity H2OQ20 51.722 101.525. 1
Decenber 2004 CLAIMS 1. A process for the synthesis of hydrogen peroxide
by nmeans of the direct reaction of hydrogen with oxygen, in a solvent
medi um cont ai ni ng a hal ogenated pronoter 5 and an acid pronoter, in the

presence ofxgvbifAeigl Kbémpapdediysy obtained by dispersing in sequence and
al ter- nattmgthe simgle metal conponents of the catalyst. on a carrier.

wherein the netglamdfeCenuenenigedtied hesiig atyst caralyskegtreparesin ihose of
the plati num group. The process according to claimwherein the netals are
paIIadiun1§%gmBiéthnun1 3. The process according to claim2, wherein the
cat al yst contains a quantity of palladiumranging fromO0.01 to 5% by

wei ght and a quapbi L ¥sQfcR! 8btAYARAA8E NIndIGdked 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 -



0.01 to 1% by weight, with' an atomc ratio plati- nunm palladi umrangi ng
fromO0.1/99.9 to 50/50.. The process .according to clai m3Degdmreai B00he
catal yst 20. 'contains a-quantity of palladiumranging from0.4 to 2% by
-wei ght and a quantity of platinumranging from 0.05 to 0.5% by wei ght,
wWith an atomc ratio plati- 'num palladiumranging from1/99 to 30/70. 5.
The process according to claim1, wherein the carrier 25 is selected from
activated carbon, activated carbon | Decenber 2004 | functionalized with
sul fonic groups, silica, alumna, silica-alumna and zeolites. 6. The
processCBAIMSEding to claim5, wherein the carrier is an activated carbon
- with aTow ash content and a 5surface area of.at |east 100 nR/g. 7.The
" processi accak dprgcessc| £1m 8hehayithesis sef | hydaeoganc aaxskids BYsurface
area higher than 300 na/g. 8.The . process according to clainl, wherein the
bi metal | i c aaéahysobfi shebddmesdt reacti®n OF fredradgan owibh ©¥EISH) utions or
suspensions of the precursors of the single netal conponents of the cata-
lytic systemn(h) sdiveatsnedicm tdentsdnifions brlegenmried opsoBpterai ned in
(a) in sequence on-a carrier; 15 (c) treatnent of the catalyst_with a
redgci ng agesdoén hbédnptramoted ,driy rdeatpreaderict) ®@her wednebadldrsper -

catalyst obtained by dispersing in sequence and alter-

‘npating the single metal components 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-
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
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sion and another. 9. The process according to claim.8, wherein steps (b)
-and (c) can be repeated once-or several tines.. 20 10. 1 Teeepbotedd0d
according to claim8,, wherein the precur- sors of the metals are their
.salts or soluble com plexes selected fromacetates, halides and nitrates.
.11. The process according to claim8, wherein the disper- sion of the
precursors of the single netal conponents 25 of the catalytic system on
the carrier is carried out 1 Decenber 2004 by neans of prechrtation,
i npregnation or adsorption. 12. The process according to ;claim8, wherein
the reduc ti dwnstiomalized with suifaie@reypseatislorar h@dmsinasnd/ or
.chemcal treatment wth reduci ng substances 5 such as hydrogen, sodium
form ate or sddiva-¢lumina angd z¥pdipescess according to claim 1, wherein
the reaction. nediumis selected fromwater, a Cl-C3 alcohol or a mxture
of thesg;. 14Th“éh@mumsaccwmmng rlg)tciacnralfﬁn 1gheydinekhet faradieshol i 10 -
is methanol. 15.. The process according to ¢laim 13, wherein the reac- tion
mediumis a ﬁjsxta:t eactiwhtedobavbbnar wiithh & lomi gbh regnteendet agdn & he t wo
ranging from50:50 to 99.9:0.1. 15 16. The process according to claim 1-5,
wherei n the weirgblce hakhoo®l achtkasat 200rafiges from 90: 10 to 99: 1.
7. The process according to claim 6, wherein the acti-
vated carbon has a surface area higher than 300 m%/g.
:é The process according to <claim 1, . wherein the
bimetallic cataiyst is.obtained:by;
10 (a) preparation of the solutions or suspensioqg of the
precursors of the single metal components of the cata-
lytic system;
(b) ciispersion of the solutions or suspensions 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.
'ﬁ g, The process according to claim -8, Whe:ein‘steps {b)
‘and (c) can be repeated once or several times.
20 o The process according to claim'8:, whereip the precur-
sors of the metals are their salts or soluble com-
plexes selected from. acetates, halides and nitrates.
_11_ The process according to claim &, wherein the disper-

sion of the precursors of the single metal cqmponenhs

25 : of the catalytic system on the carrier is carried out
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17. The process according to claim11, wherein the hal ogen- ated pronoter is

sel ected from substances capable. of generating hal ogeh hegrgben 20@t | i quid- -~

reaction medium- 20 18. The process according to claim 17., wherein the
.hal o- genated pronoter is selected fromsubstances capable of generating
brom de ions such as hydrobromic acid and its salts soluble in the
reaction nmedi um such as al kal i ne broni des, sodi um bronmate or ammoni um
brom de. 25 19. The process according to claim1:8, wherein the com1
Decenber 2004 pound is hydrobrom c acid, sodium brom de or. potassium
broni de. 20. by Tieans adfe preatpditditignt, o inpaiegnat ivne ogi-adsorptdoten tration
of halogenated pronoter ranges fromO0.1 to 50 ng per kg .of - solution .
The progess #Fmworpiogess atadniig whediadnt h® cebexein phe reduati on of
hal ogenat ed- pronoter ranges from1 to 10 ng per' kg of solution. 22. The'
process accorlidiy ¢ theimetalashbs ecarthedaout byOmpaosoidr thexellect ed
from substances capabl e of gener- ating H+ hydrogen ions in the reaction
medi um  23. Hi fgOCcehenicadr dtpgatment ai with 2, redierigig) tdubsd@ngespr onot er
is selected frominorganic acids such as sul--furic, phosphoric, nitric

aci dgor fromgiapnis rirdyenl5 svdimaoruibtel orasodium citrate.

i3- The process according to claim 1, wherein the reactioﬁ
medium is selected from water, a C;-C; alcohol or a
‘mixture of these.
14. The process according to claim 13 . wherein the alcohol
10 - is methané]_..
15.. The process according to claim 13, wherein the reac-
-~ tion medium is a mixture of alcohol:water witﬁ 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

St

generating halogen ioné in the liquid reaction medium.
‘20 18. The proce;ss accor_qing to claim. 17, wherein thé h,alo}-
_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 br-omides, sodium bromate | or ammonium bromide.

25 19. The process according to claim 1:8, wherein the com-
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24. The process according to claim2.3, wherein the acid pronoter is

sul furic acid or phosphoric acid. 25. The process accor ti Paretbec| 2004 1,
wherein the concen- tration of the acid pronoter ranges from20 to 1000 ny
20 per kg of solution. 26. The process according to claim215, wherein the
concen tration of the acid pronoter ranges from50 to 500 ng per kg of
- solution. 27. _ The process according to claim1l, wherein the catalyst 25
is used in quantities ranging from10's - to. 10-2 noles 1 Decenber 2004 of
. total metal contained in the catalyst per liter of reaction nedium 28. '
The process zeundiiimy hydrobaomig. acidaepefiummbremide pyspotassiam in.
quantities ranging from 10-4 to 10-3 5 noles of total metal contained in
t he catal yst lpemilde. ter of reaction nedium-29. The process accordi ng to
claim1, wherein the reaction is carried out at a tenperature. ranging
~from -30t 0, THE)@rdksd0 acHordimge 485 Gleviar dt ngwhereln #heo CoOpeatsi n t he

"tem perature ranges from2 to 50C - 31. The process according to claim1l,
wher ei n t he naedtionn dS lBdogedhitead piomdter oangas afxomal - pr €8s ®% hi gher
than atnos- pheric pressure.

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

proinoter 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 process accordlng to clalm 1 whereln the catalyst

25 is used in quantltles ranging from 10 ¢ to 1072 moles

- 21 -



The process according to claim 31, wherein the total pressure ranges from
50 t-o 300 atnospheres. The process according to claim 1}l dhesrdiaxy €864 nol ar
rati o hydrogen: oxygen in the feeding ranges from1:2 to 1:100. .20 _34-
~The process according to claim3-3, wherein the nolar ratio hydrogen:
oxygen in the feeding ranges from1l:3 to 1:15. 35. The process, according
to. claim1, 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_is nitrogen 37.
The process a€cduatialg netal atontaingdrin nthaccabnbent pert ddtegn aff

hydr ogen in the gaseous phase in contact 5 with the liquid reaction nmedi um
i s mai nt ai netteaictdonv aleddumower than 4.5 nolar. 38, The process according
to claim1, wherein the reaction is carried out using air as oxygen

sour ce.2g39. Tﬁe[pﬁuméﬁsaacooﬂdnggtbocbaamml2%%m#h#$ﬁ%%eth@a&ﬁQ§r 10 is
carried out batchwi se or in continuous. 40. The process accordlng fo claim
1, wherein thgseolid i aBedofinhypirageit jrer oxanging Gxom did’ ect‘T—q LA an

- oxidation process of a substrate selected fromolefins, aromatic

hydrgcar bons noa@Rifa t@iﬁlcarett@]ylccﬁmmman weng:atualm tpeeni Uik~
silicalite as catalyst.

ter of reaction medlum

29, .The process according to claim 1, wherein the reaction

is carried out at a temperature ranging from -5 to.

90°C.

o

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 h&drégen: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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41. A binetallic catalyst useful for the production of hy- drogen peroxide
obt ai ned by dispersing in sequence and alternating thelppewmbsgr 2004 the
single metal compo- nents of the catalyst by . 20 (a) preparation of the
-sol utions or suspensions of the -precursors of the single nmetal conponents
of the cata lytic system (b) dispersion of the solutions or suspensi ons
ob- tained in (a) in sequence on a carrier; 25 (c) treatnent of the

catal yst with a reduci ng agent of 1 December 2004 the metal and. dryi ng at
120- 140C bet ween_ one disper- sion and another, 42. The catal yst according
to claimgl, Tn/gelpeadmﬁse;mcfd]jdlmg\dtocplaam %2\ .1 sfhenein ohke dnedver al
tinmes. 5 43. The-catalyst aé¢cording to claima4l-, wherein the netal
conponent s o?aghgs aatabyeh.are sel ected fromthose of the pl ati num group.
44. The catalyst according to claim4l, -wherein the metals are palladium

and pl atj?”U”ThéOBEo@é%L@Eo%Nina?ﬂﬁEﬁﬂeﬁ@ THE DR REDT SRRTKESICSIGF.
HYDROGEN PEROXI Abstract A description follows of a binmetallic

catal yst, obgahReenbYof hydrogen in the gaseous phase in contact
5 with the 1iquid- ;:e'action medium 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'sourge.
39. <9The 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 of a substrate selected from olefins, aromatic
hydrocarbons, ammonia 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 6f the catalyst by :

20 - ‘(a) preparation of the solutions or suspensions df‘fhe
"precursors of the single-metal cbmponenis-of the'cata—
iytic 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'redqcing agent of
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di spersing in sequence and alternating the precursors of the single netal

conponents of the catalyst on a carrier, and a processlfbecantpersyfbhesi s

of* hydrogen peroxide by the direct reaction of.hydrogen with oxygen, in a
~sol vent- me- dium containing a hal ogenated pronoter and an acid pro- noter,
“in the presence of said catalyst.

the metal and drying at 120-140°C between one diséer—
sion and anﬁther._

42. The catalyst according to claim 41, wherein steps (b)
and (¢) can be repeated once or several times.

5 43. Thg'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

"\-l.'-)'. . .
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