4 NOVEMBER 2005 DI RECT SYNTHESI S OF HYDROGEN PEROXI DE | N A MULTI COVPONENT
SOLVENT SYSTEM 5 The present invention. relates to a praoeesvibek2é0de 10
producti on of ‘hydrogen peroxi de (H202) from hydrogen and oxygen whi ch uses
as reaction solvent, a mxture consist- ing of one or nore al cohols, an

al i phatic ether having general fornmula (I) and optionally water. Hydrogen
peroxide is a commercially inportant prod- 15 uct which is wdely used as a
bleach in the textile and paper industry, as biocide in the environnental
field and in the chem cal industry in oxidation processes. Exanples of

t hese oxi dation processes are those us- ing titaniumsilicalite as

catal ysts, such as the epoxi- 20 dation of olefins (EP-100,119), the

anmoxi mati on of car bonyl conpounds (U.S. 4,794,198), the oxidation of ammo-
nia to hydroxylamne (U S. 5,320,819) and the hydroxyla- tion of aromatic
‘hydrocarbons (U. S. 4,369,783). The industrial production of aqueous

sol uti opsrEfr s2OrHEZ02 d¥Y HPRARENOFERXEBRPHEL FNRTSHBRNRIPCER TNt Ssylé?@o{m- -1
as

4 NOVEMBER 2005 In this process a solution of an anthraqui none, suc
but yl ant hr aqui none or et hyl ant hraqui none, in an or- ganic nmedi uminm scible
W th mateg, is first hydrogenated

The present invention relates to a process for the
10 production of hydrogen peroxide (H;0:) from hydrogen and
oxygen which uses as reaction solvent, a mixture consist-
ing of one or more alcohols, an aliphatic ether having
general formula (I) and optionally water.
Hydrogen peroxide is a commercially important prod-
15 uct which is widely used as a bleach in the textile and
paper industry, as biocide in the environmental field and
in the chemical industry in oxidation processes.
Examples of these oxidation processes are those us-
ing titanium silicalite as catalysts, such as the epoxi-
20 dation of olefins (EP-100,119), the ammoximation of car-
bonyl compounds (U.S. 4,794,198), the oxidation of ammo-
nia to hydroxylamine (U.S. 5,320,819) and the hydroxyla-
tion of aromatic hydrocarbons (U.S. 4,369,783).
The industrial production of aqueous solutions of

25 H,0; by means of a complex two-step process, is known.



and then oxidized with air to produce H202 which is sub- 5 sequently
extracted in aqueous phase. This process, however, has saNFHMEFRN0S

di sadvan- tages deriving fromthe necessity of operating with |arge vol unes
of reagents, the nunerous steps required, the relatively high cost of 'the

i nternedi ates and production 10 of inactive by-products. Processes for the
direct synthesis of hydrogen per- oxide fromH2 and 02 have been studied, to
overconme these drawbacks. These processes are generally carried out by
reacting the two gases in a solvent consisting of an 15 aqueous nedi um or an
aqueous-organi ¢ nediu in the pres- ence of a catalytic system consisting
of a noble netal, B%p%?%%IBFP9eﬁ§tél§o tﬂﬁ?[9@HQQNEHEFB%BubPOPﬁeiFuﬁpx-
tures, in the formof salts or as supported netals Anong processes of this
type, those wheh3demapdhraamineng aory athyheriheafgpspcacrechRi Gl and
econom ¢ point of view, operate in an al cohol or al cohol -aqueous mnedi um
for exanpl e, i|¢enEEhaASLudrinmlgetbdeomiwdt eatdascridhelirstohydxagpnateidn

U S. patent 4,335,092, in patent applica- tion WD 98/ 16463, in European

pat ent appli caandntEPn26x181680 avidcmpagrspecidriodaldey HaOEmlopeani paseht
applica 2 4 NOVEMBER 2005 tion EP 978316 and in Italian patent applications
M 2000 5 sequently extracted in aqueous phase.

This process, however, has considerable disadvan-
tages deriving from the necessity of operating with large
volumes of reagents, the numerous steps required, the
relatively high cost of the intermediates and production

10 of inactive by-products.

Processes for the direct synthesis of hydrogen per-
oxide from H, and 0. have been studied, to overcome these
drawbacks. These processes are generally carried out by

reacting the two gases in a solvent consisting of an

[}
n

aqueous medium or an aqueous-organic medium, in the pres-
ence of a catalytic system consisting of a noble metal,
particularly metals of the platinum group or their mix-
tures, in the form of salts or as supported metals.

Among processes of this type, those which seem par-
20 ticularly attractive from a technical and economic point
of view, operate in an alcohol or alcchcocl-aqueous mediuwmr,
for example, in methanol or in methanol-water described,
for example, in U.S. patent 4,335,092, in patent applica-
tion WO 98/16463, 1in European patent application EP

25 787681 and more specifically in European patent applica-



A001218, M 2000 A001219 and M 2000 A001881. In fact, with the other

condi tions remai ni ng un- changed, higher reaction rates  NgeniBERSHosVI t1 €S
are ob- 5-served with respect to operating in an aqueous nmedi um The high
reaction performances result, in turn: i. in the possibility of carrying out
the process under high safety conditions, well outside the explosivity zone
of H2-02 m xtures, w thout jeopardizing the process from 10 a
techni cal -economi ¢ point of view, ii. in the possibility of using extrenely
| ow quantities of promoters (halides and acids) in the reaction nmedium

W th beneficl %'ioglfbfﬁﬁt@ é%étﬁp!i{QYstéo#)QEeﬁ@t %bﬁ&ii%at%yoﬁse'ﬂla%@é‘ the

production of stable hydrogen peroxide 1 utrons, "at a concentration

suitable for ﬂ%%tlsus%a%q(?m%?'ﬁdvﬁkiQobge%io.d@ ilqn processes.

Finally, the concéntration o ogéen ‘per oxli produced, can reach

i all ful . as, the  boi || int and th tjon heat
of The ol cobol - 20°suf Fabl y CEFbCIdt  BFBSFouEr ¢ hAOPRasES BF L0GPEr Ut has

now been found. that | i

t i ible to f h th . ,
terms of sel eCPPORES  arti T T GhC LORORPE Poi e FSYFEh: Vby L6 g B~

reaction solvent, a system conprising one or nmpre alcohols, an aIiPhatic

25 ether ahd SFEVETaMiF ISP Nesv b5pg 1n an aqueous medi

The high reaction performances result, in turn:
i. in the possibility of carrying out the process under
high safety conditions, well outside the explosivity zone
of H,;-0; mixtures, without Jjeopardizing the process from
10 a technical-economic point of view;
ii. in the possibility of using extremely low quantities
of promoters (halides and acids) in the reaction medium,
with beneficial effects on the stability of the catalytic
system and on the production of stable hydrogen peroxide
15 solutions, at a concentration suitable for direct use and
economically valid in oxidation processes.

Finally, the concentration of the hydrogen peroxide
produced, can reach commercially useful values, as the
boiling point and the evaporation heat of the alcohol,

20 suitably selected, are lower than those of water.

It has now been found that it is possible to further
improve these processes, in terms of selectivity and from
an economic point of view, by using, as reaction solvent,
a system comprising one or more alcchols, an aliphatic

25 ether and optionally water.



The H202 sol uti ons obtained can be used directly in oxidation processes
which use titaniumsilicalite as catalyst, as the conpoevEMBOE 2008 sol vent
m xture are conpatible with said processes. 5 Furthernore, with the use of
this solvent system the concentration of the hydrogen peroxi de produced
can reach comercially useful values, as the evaporation heat of the
ether, suitably selected, are lower than that of water and al cohol. 10 In
fact, whereas 9717 calories/nole (equal to about 540 calories/g) and 8426
calories/nmole (equal to 263,3 calories/g) are respectively necessary for

distilling wa- ter Qr oL ex e, et hanal 290 cal orj es le equal . to
82.8 calories/g aréf%%cggéﬁr g?%#l%?gtpﬁﬁ%&fe%&;a@xgeléngﬁérg}recgfy 1o
thhyl-terbuterI€X¢.$NWBE%. I n_accordance with h%s .an ObhﬁCt qﬁ t he
present i nvertion®Tebat REP5S85ErocBESCFor Uohe %F & nSof YR 1 og éF
peroxi de startin ron1hydrog€n and oxygen, in a reacgion sol vent
containing a mﬁé%é%%fed%ﬁ%) e CORRPIER D Qf A% pPAVSEEr MiktiHe are
presence of a heterogeneous catalyst based on a netal of the platinum

group, wherei rFORPRERABt VoRNsERFENPIOSKSIS/S- of 1 (1) an al cohol or nmixture

of alcohols; (2) an aliphatic ether; and 25 (3) optionally water.
5 Furthermore, with the use o0f this solvent system,

the concentration of the hydrogen peroxide produced can
reach commercially useful wvalues, as the evaporation heat
of the ether, suitably selected, are lower than that of
water and alcohol.

10 In fact, whereas 9717 calories/mole (equal to about
540 calories/g) and 8426 calories/mole (equal to 263,3
calories/g) are respectively necessary for distilling wa-
ter or, for example, methanol, 72380 calories/mole equal
to 82.8 calories/g are necessary ior distilling, for ex-

15 ample, Methyl-terbutylethyl (MTEE).

In accordance with this, an object of the present
invention relates to a process for the production of hy-
drogen peroxide starting from hydrogen and oxygen, in a
reaction solvent containing a2 halogenated promoter and/or

20 an acid promoter, in the presence of a heterogeneous
catalyst based on a metal of the platinum group, wherein
the reaction solvent consists of:

(1) an alcohol or mixture of alcohols;
(2) an aliphatic ether; and

25 (3) optionally water.



4 NOVEMBER 2005 Exanpl es of al cohols suitable for the purposes of the
present invention are selected fromthose having from J4NbOE@aBERRGIsEr ably
from1l to 4, carbon atons. Anbng Cl-C4 al cohols, nethanol, ethanol
terbutanol 5 (TEA) or thei.r m xtures, are preferred. Methanol is par-
ticularly preferred. The aliphatic ethers are selected fromthose having
general fornmula () R O-RL (1) 10 wherein R and Rl, the sanme or different,
are alkyl groups wth from1l to 6 carbon atons. In the conpounds having
formula (1), Ris preferably a nethyl and Rl a ter-alkyl.

Met hyl -terbutyl et hegx 6MEBEL iS5t paltbavhar | sufSi e r edr Thige dpatdddeofof
al cohol or m xture of alcohols 15 ranges from 10 to 99. 9%% by wei ght with

respect to the.h,s0b¥eabni XhWesit iRnehelalal Jdtn 204w 8% LYhIE] bt svbhh
respect to the reaction solvent. The quantity of ethers which is uSed In the

(eaction 15 10 8181100k, whenoh ALEONOlLabatopieg and ger 20
v WD reePechnbol USSESARUGRGIR) Wetheadle MUALRY el Elnoter
m xture, 5 (TBA) or their mixtures, are preferred. Methanol is par-
ticularly preferred.
The aliphatic ethers are selected from those having
general formula (I)
R-0-R: (I)

10 wherein R and R;, the same or different, are alkyl groups
with from 1 to 6 carbon atoms. In the compounds having
formula (I), R is preferably a methyl and R; a ter—-alkyl.
Methyl-terbutylether (MTBE) is particularly preferred.

The quantity of alcohol or nixture of alcohols

15 ranges from 10 to 9%.9% by weight with respect to the
solvent mixture, preferably from 20 to 80% by weight with
respect to the reaction solvent.

The quantity of ethers which is used in the reaction
is in relation to the type of alcohol(s) adopted and gen-

20 erally ranges from 0.1 to 90% by weight, preferably from
20 to 80% by weight, with respect to the reaction sol-
vent.

The quantity of water, when present, ranges from O

to 50% by weight with respect to the solvent mixture,

25 preferably from 2 to 30% by weight with respect to the



25 preferably from2 to 30% by weight with respect to the - 5 4 NOVEMBER
2005 reaction solvent. According to an enbodi nent of thevgveMeeg 6k t he
present invention, the reaction solvent may also contain one or nore C5-C32
hydr ocarbons. 5 These hydrocarbons are generally selected frompar- affins,
cyclo-paraffins or aromatic conpounds. Exanpl es of paraffinic hydrocarbons
are preferably selected fromthose having from5 to 18, carbon atons, and
can be linear or branched. 10 Exanpl es of said paraffinic hydrocarbons are
n- hexane, n-heptane, n-octane, n-decane or their branched isoners.
Exanpl es of cyclo-paraffinjc hjgwdr ocar bons are cycl o- hexane, decaline or
their derivati ¢&& itTUtee”With 15 one or nore al kyl groups having from
1 to 6 carbon atons.. Typical exanples of said conpounds are nethyl -
cycl ohexane, et hyl - &Gt ERhe tor 3 nefppdidafitohetaneie Rreessisc of the
hydrocarbons suitable for the purposes of the present invention are _
preferably sel EQEELTY oY @dEEON20thayirggdtiiom 65ebvert capporlapomentain
Exanpl es of aromatic hydrocarbons are benzene, naph- thal ene, alkylbenzenes
and al kyl napht e&leerfes mieh @€ seorhydrocarbons.

5 These hydrocarbons are generally selected from par-

affins, cyclo-paraffins or aromatic compounds.

Examples of paraffinic hydrocarbons are preferably
selected from those having from 5 to 18, carbon atoms,
and can be linear or branched.

10 Examples of said paraffinic hydrocarbons are n-
hexane, n-heptane, n-octane, n-decane or their branched
isomers.

Examples of cyclo-paraffinic hydrocarbons are cyclo-
hexane, decaline or their derivatives substituted with

15 one or more alkyl groups having from 1 to 6 carbon atoms.
Typical examples of said compounds are methyl-
cyclohexane, ethyl-cyclohexane or dimethyl-cyclohexane.

Aromatic hydrocarbons suitable for the purposes of
the present invention are preferably selected from those

20 having from 6 to 24 carbon atoms.

Examples of aromatic hydrocarbons are benzene, naph-
thalene, alkylbenzenes and alkylnaphthalenes with one or
more linear or branched alkyl chains, having from 1 to

18, preferably from €é to 12, carbon atoms. Examples of

25 alkylbenzenes are toluene, xylenes (ortho, meta and



nore |inear or branched al kyl chains, having from1 to 18, preferably from
6 to 12, carbon atons. Exanples of 25 al kyl benzenes ar e XoVEBER 200¢! €NES
(ortho, nmeta and 4 NOVEMBER 2005 para), ethyl benzene and cunene. The
quantity of hydrocarbons which is used in the reaction is inrelation to
the type of al cohol (s) used, and generally ranges fromO0.01 to 40% by

wei ght, prefera-5 bly from0.1 to 20% by weight, with respect to the total
reaction m xture. The catal yst which can be used for the purposes of the
invention is a heterogeneous catalyst containing one or nore netals of the

pl ati num groyp, gs) acgtﬁ9iggmgg.lel%n@eQtu%cr@(arrpl es of these netals are
pal l adium platinum ruthenium rhodium iridiumand gold. Preferred netals

| 1 adi d |
catalyste 15 in o Boarirry it PRy Rl E?)ﬁééhﬁé?%ﬁpg 03 Fheche
| at . t % ht
Iroa'?l Ionggllxgera]r%#éﬁ%%% an?jl ??a%?gzr)ﬁqrg%g tq}eng%% g ]Efé)kboig 501/1%% The

Il adi f bI i 0.4 0.2 3% b
Pl ght and & S| SEARERT E{eigﬁta&'sﬂf%p&”%“? g %rooﬁm 000 B weE s Raigne
with an

5 bly from 0.1 to 20% by weight, with respect to the total
reaction mixture.

The catalyst which can be used for the purposes of
the invention is a heterogeneous catalyst containing one
or more metals of the platinum group as active compo-

10 nents.

Examples of these metals are palladium, platinum,
ruthenium, rhodium, iridium and gold. Preferred metals
are palladium and platinum.

The palladium is normally present in these catalysts

15 in a quantity ranging from 0.1 to 5% by weight and the
platinum in a quantity ranging from 0.01 to 1% by weilght,
with an atomic ratio between platinum and palladium rang-
ing from 0.1/99.9 to 50/50.

The palladium is preferably present in a quantity

20 ranging from 0.2 to 3% by weight and the platinum in a
quantity ranging from 0.02 to 0.5% by weight, with an
atomic ratio between platinum and palladium ranging from
1/99 to 30/70.

In addition to palladium and platinum, other metals

25 such as, for example, ruthenium, rhodium, iridium and



atomc ratio between platinumand palladiumranging from 1/99 to 30/70. In
addition to palladiumand platinum other netals 25 suctoasvBERBoogxanpl e,
ruthenium rhodium iridiumand - 7 4 NOVEMBER 2005 gol d, can be ,present as
active conponents or pronoters, in a concentration generally not higher
than that of the palladium The catalyst can be prepared by dispersing the
ac- 5 tive conponents on an inert carrier by neans of precipi- tation and/or
i npregnation starting from precursors con- sisting, for exanple, of
solutions of their salts or soluble conplexes, and therein reduced to the

T ke TS0 b et BLeAndoar hAT L ACAERALTR! I LRI 20, T N0

subst ances su as hy rogen,” sodium form at e, m Citrate neans of

preparative t Q state of th cQr an
enbodi ment of qhgg %@é%&kkﬁégﬁgﬂée@leraﬁ ycatoait y%t BS% % &'gtgla%e Iggthg
di spersi ng inéﬁggue ce 15 and alternating the precursors of the S|ngle

nmetal conpo n e catalyst on a carrier, as described and clained in

t he patent applica on I T 0- A001219. The inert carrier typically
consi st of activat (P cca?BNh S§i 199k, Pl E’ﬁ‘?ﬁa,’:egl II?Y:agafSHﬁtrﬁané &é% t2S, and

5 tive components on an inert carrier by means of precipi-
tation and/or impregnation starting from precursors con-
sisting, for example, of solutions of their salts or
soluble complexes, and therein reduced to the metal state
by means of thermal and/or chemical treatment with reduc-

10 ing substances such as hydrogen, sodium formiate, sodium
citrate by means of preparative techniques well known in
the state of the art.

According to an embodiment of the present invention,
the catalyst can be prepared by dispersing in segquence

15 and alternating the precursors of the single metal compo-
nents of the catalyst on a carrier, as described and
claimed in the patent application IT MI2000-A001219.

The inert carrier may typically consist of activated
carbon, silica, a&alumina, silica—-alumina, =zeolites, and

20 other materials well known in the state of the art. Acti-
vated carbon is preferred for the preparation of the
catalysts useful for the invention.

Activated carbons whichh can be used for the inven-
tion are selected from those of fossil or natural origin

25 deriving for example from wood, lignite, peat or coconut



20 other materials well known in the state of the art. Acti vated carbon is
preferred for the preparation of the catalysts useful §esvEN8rkBygNtion.
Acti vat ed .carbons which can be used for the inven- tion are selected from

t hose of fossil or natural origin 25 deriving for exanple from wood,
lignite, peat or coconut 4 NOVEMBER 2005 and having a surface area higher
than 100 n2/g, prefera- bly higher than 300 nR2/g; a carbon with a surface
area higher than 600 n2/g is particularly preferred. Preferred activated
carbons are those with a | ow ash content. 5 The sul fonated activated carbons

pur pose. - Bef of SCt REGUIh Gt t FRGErS! ARl TORT oPhefe Tt a6 (RS BT va ed
b b bj.ected to. t t h_ 10 hi ith distilled
et or or 1 caPTEn U T abPE. HRel G G TR, BN nGORL e Ce G e

exanpl e aceti¢, acid, hydrochloyjc acid, sodium carbonate and hydrogen

per oxi de. Theﬁéggélryg:thains @R}‘?n‘ﬁl)l% 7 PRt 52Ul AL Me PREFEL TG - %Qﬁﬁﬁl’tﬁﬁ at a
concentration ranging fromO0.1. to 10% by weight, preferably fromO0.3 to 3%
by wei ght witRCtéygéed RFRIRS rakRt HRPSGoVyBRt 2 TR a6hd Gddtter may be

any substance capabl e of _
5 The sulfonated activated carbons described in Euro-

pean patent application EP 978316 can be used for the
purpose.
Before the supporting or impregnation of the metals,
the activated carbon can be subjected to treatment such
" 10 as washing with distilled water or treatment with acids,
bases or diluted oxidizing agents, for example acetic
acid, hydrochloric acid, sodium carbonate and hydrogen
peroxide.
The catalyst is normally dispersed in the reaction
15 medium at a concentration ranging from 6.1 to 10% by
weight, preferably from 0.3 to 3% by weight with respect
to the reaction solvent.
The acid promoter may be any substance capable of
generating H' hydrogen ions in the reaction solvent and
20 1is generally selected from inorganic acids such as sulfu-
ric, phosphoric, nitric acid or from organic acids such
as sulfonic acids. Sulfuric acid and phosphoric acid are
preferred.
The concentration of the acid generally ranges from

25 20 to 1000 mg per kg of reaction solvent and preferably



generating H hydrogen ions in the reaction solvent and 20 is generally
sel ected frominorganic acids such as sulfu ric, phosphsoveMpurJobsL acid or
from organic acids such as sulfonic acids. sul furic acid and phosphori c
acid are preferred. The concentration of the acid generally ranges from 25
20 to 1000 ng per kg of reaction solvent and preferably 4 NOVEMBER 2005 from
50 to 500 ng per kg of reaction solvent. The hal ogenated pronoter can be any
subst ance capa- ble of generating halide ions in the reaction solvent.

Subst ances capabl e of generating bromi de ions are pre 5 ferred. These
substances are generally selected fromhy- drobromc acid and its salts

sol ubl e in t Heomedd iton 90 mguperf by efLamphketdodi wmlbramti.de, potassium
brom de, am noni um brom de or sodi um bromate. Hydrobrom c acid, so- dium
brom de and pot asSihemtebogelratied prehertred.call Hheangneahistainosn adpd-he

hal ogenat ed pronoter gener- ally ranges fromO0.1 to 50 ng per kg of reaction

sol vent  andpureef®f akjey:dfrzamdy t Bal048U ipels kgnoftHeagkher 8@l -soerdnt The
production of hydrogen peroxide is carried out 15 by reacting oxygen and

hydrogen in shesteaddoncaphyart o Lheecraesencepobnihe Cadrd ygrreartq:e—

pronoters and in the presence or absence of an inert gas selected from

nitro- 5 ferred. These substances are generally selected from hy-
drobromic acid and its salts soluble in the reaction me-
dium, for example sodium bromide, potassium bromide, am-—
monium bromide or sodium bromate. Hydrobromic acid, so-
dium bromide and potassium bromide are preferred.

10 The concentration of the halogenated promoter gener-
ally ranges from 0.1 to 50 mg per kg of reaction solvent
and preferably from 1 to 10 mg per kg of reaction sol-
vent.

The production of hydrogen peroxide 1is carried out

15 Dby reacting oxygen and hydrogen in the reaction solvent
in the presence of the catalyst and promoters and in the
presence or absence of an inert gas selected from nitro-
gen, helium, argon. Nitrogen is the preferred gas.

The molar ratic H;/0, in the feeding‘ranges from 1/1

20 to 1/100, preferably from 1/2 to 1/15 and the concentra-
tion of hydrogen in the gaseous phase in contact with the
reaction solvent is conveniently maintained at a wvalue
lower than 4.5% molar, outside the explosivity limits of
the mixture consisting of Hz, 0; and, optionally, an in-

25 ert‘gas.

- 10 -~



gen, helium argon. Nitrogen is the preferred gas. The nolar ratio H2/02 in
the feeding ranges from1/1 20 to 1/100, preferably fromv¥MdeiR200515 and

t he concentra- 'tion of hydrogen in the gaseous phase in contact with the
reaction solvent is conveniently maintained at a value |ower than 4.5%

nol ar, outside the expiosivity limts of the m xture consisting of H2, 02
and, optionally, -an in- 25 ert gas. 4 NOVEMBER 2005 According to an

enbodi ment of the process of the present invention, the reaction can be
carried out using air instead of pure oxygen. The reaction is typically

carried out at te [ ur ngl N 1 90C, preferabl n12 to
50C and at a tota 86?592&% ?gﬁg} aﬁga‘%%spﬁ%ri 9 re§é8F8 efgrably

can’ be carri BECOARLOAFURREE D | i CRBrGbiSS FROCHIR e:ahea{erﬁ 16" sla%“e”“ >

reactor suitable for the p ose and selected fromthose described in the
state of the arf. l@ﬁé?é@lﬁ& Hdé&r Ph&%bove conditions, it is possible to
produce hydrogen perOX|de under safety conditions with a reaction
productivity nor maFP§ rERfF NP r 6 JOVRECDDEY g CES TPedRent( lpr £§884TAS H2O2

at 100% per litre of reaction nedium per, hour and with a nol ar select|V|ty
towards tFe tures ranging from -5° to 90°C, preferably from 2 to 50°

and at a total pressure higher than atmospheric pressure,
preferably ranging from 30 to 300 bars.
The process according to the present invention can
be carried out batchwise or, preferably, in continuous
10 using a reactor suitable for the purpose and selected
from those described in the state of the art.
Operating under the above conditions, it is possible
to produce hydrogen peroxide under safety conditions with
a reaction productivity normally ranging from 30 to 2060 g
15 of H;0;, (expressed as H;0, at 100%) per litre of reaction
medium per hour and with a molar selectivity towards the
formation of H;0;, referring to the hydrogen used up,
ranging from 60% to 90%.
The solutions of hydrogen peroxide thus obtained can
20 Dbe used directly in oxidation processes which comprise
the use of H20; without complex intermediate processing
such as the removal of acids and solvents.
Furthermore, the process of the present invention is
suitable for the production of aqueous solutions of H:0;

25 for commercial use, by the removal of the organic compo-

- 11 -



formation of H2Q2, referring to the hydrogen used up, ranging from60%to
90% The sol utions of hydrogen peroxide thus obtai ned canwvEdsbr 2e3ed
directly in oxidation processes which conprise the use of H202 wi,t hout
conpl ex internedi ate processing such as the renpoval of acids and sol vents.
Furthernore, the process of the present invention is &suitable for the
production of aqueous solutions of H202 25 for commercial use, by the
renoval of the organic conpo 4 NOVEMBER 2005 nents fromthe reaction medi um
for exanple by distilla- tion, which can be recycled to the synthesis. The
process of the present invention allows the rea- gents to be transforned
into H202 wit Reiiigh EopRefbroreads igi Bedberi vioresxagitle npgdMeh2lla-
solutions without acid ity or containing only traces of acidity and/or
salts. The fdliaw hiexanpiesbewneclycigde tiohdhsolsyrpiheobe. of descri bing
the present invention in greater detail, should in no way be considered as
limting its scope.TH® I¢MPEE df Ttbet pertsenft timyegdriorerablogsothactrewat ed
carbon in maritine pine charcoal in powder form (CECA) and 500 m of
distill ed wat ererdire toharggetransfoamed iirero gHass Wiakk hiAfi ecoRvhesisnat 15
80C, the activated carbon is filtered and washed w th

5 and selectivities, obtaining H,0, solutions without acid-

ity or containing only traces of acidity and/or salts.
The following examples, which have the sole purpose
of describing the present invention in greater detail,
shoﬁld in no way be considered as limiting its scope.
10 EXAMPLE 1

Treatment of the carrier

50 g of activated carbon in maritime pine charcoal
in powder form (CECA) and 500 ml of distilled water are
charged into a 1 1liter glass flask. After 2 hours at

15 80°C, the activated carbon is filtered and washed with
500 ml of distilled water.

The activated carbon, still damp, is then charged
into the 1 liter glass flask and after adding 500 ml of a
solution at 2% by weight of HCl, the temperature is

20 Ybrought to 80°C. After about 2 hours, the mixture is
cooled and the activated carbon is washed on a filter
with distilled H;O until the chlorides have been elimi-
nated. The washed activated carbon is recovered and dried
in an oven at 120°C for 2 hours.

25 EXAMPLE 2

- 12 -



500 mM of distilled water. The activated carbon, still danp, is then charged
into the 1 liter glass flask and after adding 500 ni 0f4§0V§ nghga% 2% by
wei ght of HCl, the tenperature is 20 brought to 80C. After out ours,

the m xture is cooled and the activated carbon is washed on afilter with
distilled H2O until the chlorides have been elim- nated. The washed
activated carbon is recovered and dried in an oven at 120C for 2 hours. 25
EXAMPLE 2 4 NOVEMBER 2005 Preparation of the catal yst 1%°d-0.1Pt/C 10 g of
activated carbon treated as described in ex- anple 1, are charged into a 0.5
liter glass f&aska er and 0.32 g of
Na2CO3. 5 The=sd A a¥eye ; azs -ure (20- 25C), under
stirring, for 10 m.,nutes.. 10 n1 f agueou on cont ai 1.0 of a
sol ution of Na2PdCLd & QQN%QE}Wég C%gb gﬁﬁage§ 850 Fe%f%ih%fl %#

H2Pt C16 at 10% by melght are subsequent | 10 added dropw se _over a period
of about 10 nicHEHSs. ﬁh%r§u§8éﬁ&qﬁ1 nt %e%t OaP rddifik edpefat dlesfor AR~

m nutes and is then heated for 10 mnutes to 90C. A so- lution containing
0.85 g of sodit@hFa%hi ke PA &F Mistilhaderater i aldéd hdofhdagEPering

is continued at 90C ) i
5 The suspension 1is maintained at room temperature (20-

25°C), under stirring, for 10 minutes.

10 ml of an agueous solution containing 1.0 g of a
solution of Na,PdCl, at 10% by weight of Pd and 0.1 g of
a solution of H,PtCls at 10% by weight, are subsequently

10 added dropwise over a period of about 10 minutes.

The suspension 1is kept at room temperature for 10
minutes and is then heated for 10 minutes to 90°C. A so-
lution containing 0.85 g of sodium formiate in 10 ml of
water is then added and the stirring is continued at 90°C

15 for 2 hours.

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

20 EXAMPLE 3 (comparative)

Synthesis of hydrogen peroxide

A micropilot plant is used, consisting of a Hastel-
loy C autoclave having a volume of 350 ml, equipped with
a thermostat-regulation system, a magnetic drag stirring

25 system, a regulation and control system of the pressure

- 13 -



15 for 2 hours. After cooling to roomtenperature, the suspension is
filtered and the catal yst recovered is washed with di s-4 noVEMEER@s®@r unt i
the chlorides have been elimnated and dried in an oven at 120C f.or 2.
hours. 20 EXAMPLE 3 (conparative) Synthesis of hydrogen peroxide A

m cropilot plant is used, consisting of a Hastel- |oy C autoclave having a
vol ume of 350 ml, equipped with a thernostat-regulation system a magnetic
drag stirring 25 system a regulation and control system of the pressure 4
NOVEMBER 2005 during the reaction, a filter for continuously renoving the

| u d phese canlsl gl nggd hectgeckionrodueks, e Lecd g, el e obl
f

m xture of sol Ven pronoters 1h “whitc

feedi ng syste f the 5, gaseous reagents and series of regulatjon and
control instpjﬁgr%nttl.qﬁ:% FHe Tat L5 EPar a§e&§g:8ﬂrbe8’ri° u%@arrplae 1
and 100 g of t hanol : wat er sol ution (97/3 by _weight) containing 6 ppm of
HBr and 200 pphPERiPESENSEFE OfhdPFedidit W § iRt Yt ARA TRECHALEEFavE i s
pressurized, w thout stirringé,at 100 bars with a gaseous m xture

consi sting of Bhe%RofthErFeacoien brkasd FBseRs o Reepyndolsufterrhef sitiber i ng

is then started up to 800 revs/mnute, the pressure is maintained
gaseous reagents and a series of regulation and control

instruments. 0.6 g of catalyst prepared as described in
example 1 and 100 g of methanol:water solution (97/3 by
weight) containing 6 ppm of HBr and 200 ppm of H;SO4 are
charged into the reactor.
10 The autoclave 1is pressurized, without stirring, at
100 bars with a gaseous mixture consisting of 3.6% of Hy,
11% of 0. and 85.4% of N; by volume. The stirring is then
started up to 800 revs/minute, the pressure is maintained
with a continuous stream, 700 normal liters (Nl/hour), of
15 the same gaseous mixture, with the contemporaneous feed-
ing of 300 g/hour of a methanol:water solution having the
composition defined above and containing 6 ppm of HBr and
200 ppm of H;S0,.
The temperature inside the reactor is kept at 8°C.
20 The reaction trend is followed by continuously analyzing
the hydrogen and oxygen in the feeding and at the outlet
of the reactor.
The concentration of H,0, which is formed is deter-
mined in the reactor liquid effluent by titration with

25 potassium permanganate. The selectivity with respect to

- 14 -



with a continuous stream 700 normal liters (N1/hour), of 15 the sane
gaseous m xture, with the contenporaneous feed- ing of FOvVENIBERRRS 2

met hanol : wat er - sol uti on having the conposition defined above and contai ni ng
6 ppmof HBr and 200 ppm of H2SO4. The tenperature inside the reactor is
kept at 8C. 20 The reaction trend is followed by continuously anal yzi ng

t he hydrogen and .oxygen in the feeding and at the outlet of the reactor.
The concentration of H202 which is forned is deter- mned in the reactor
liquid effluent by titration with 25 potassium permanganate. The

selectivity with respect tpo 4 EMBER 2005 the .converted hydraqgen is

cal cul at ed” on ‘e & W%?Rﬁénqﬁﬁgggﬁ%eﬁFré?ﬁ&#iﬁt%ﬁd§’iFh?h asdzctqlonthe

effluent and on the basis of analysis of the H2_Ieaving t he reactor, once
u

the stationafFPreeRite aftdeh&en Fachad the tiRaGF kR op fLEughE @asy|ars the

obtained are indicated in Table 1. EXAMPLE 4 Exanple 3 was repeated,
feedi ng to t h®asdgcodr analysgd i sdaer B2 chpay 529 %h@f rQaurer , metiEn dihe 5%
of MIBE and 3% of water and containing 6 ppmof HBr and 200 ppm 10 of
H2SO4. The restietdonagyi wdiadst ddd PeRibl redche&XAMPLERS Eramploxr -3 was
repeated, feeding to the reactor a

5 The results obtained are indicated in Table 1.

EXAMPLE 4
Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 92% of methanol, 5% of MTRE
and 3% of water and containing 6 ppm of HBr and 200 ppm
10 of H,80,. The results are indicated in Table 1.
EXAMPLE 5
Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 77% of methanol, 20% of MTBE
and 3% of water and containing 6 ppm of HBr and 200 ppm
15 of H,S04. The results are indicated in Table 1.
EXAMPLE 6
Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 47% of methanol, 50% of MTBE
and 3% of water and containing 6 ppm of HBr and 200 ppm
20 of H;S0.
The results are indicated in Table 1.
EXAMPLE 7
Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 27% of methanol, 70% of MTBE

25 and 3% of water and containing 6 ppm of HBr and 200 ppm
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liquid m xture consisting of 77% of net hanol, 20% of MIBE and 3% of water
and containing 6 ppmof HBr and 200 ppm 15 of H2S04. THheovidpERr Sodl €
indicated in Table 1. EXAMPLE 6 Exanple 3 was repeated, feeding to, the
reactor a liquid mxture consisting of 47% of nethanol, 50% of MIBE and 3%
of water and containing 6 ppmof HBr and 200 ppm 20 of H2S04. The results
are indicated in Table 1. EXAMPLE 7 Exanple 3 was repeated, feeding to the
reactor a |iquid mxture consisting of 27% of nethanol, 70% of MIBE 25 and
3% of water and containing 6 ppmof HBr and 200 ppm 4 NOVEMBER 2005 of

H2SO4. The results are indicated in Table 1. EXAMPLE 8 Exanple 3 was
repeated, feedPhgHedCthe reactor a 5 liquid mxture consisting of 17% of

met hanol , 80% of MIBE and 3% of water and containing 6 ppmof HEr and 200
ppm of H2SO4. Thke ressulitiss agee inddicediesd im Trdble 1. 10 TABLE 1 Ex. Reaction

EXAMPLE 8
Example 3 was repeated, feeding to the reactor a
5 1liquid mixture consisting of 17% of methanol, 80% of MTRE
and 3% of water and containing 6 ppm of HBr and 200 ppm

of H;S04.

The results are indicated in Table 1.

10 TABLE 1
Ex. Reaction MTBE H>0, H,0, Selectivity
Nr. hours % wt % molar %
3 50 0 5.6 74
15 4 50 5 5.4 77
5 50 20 5.5 80
6 50 50 5.5 82
7 50 70 5.7 78
20 8 50 80 5.2 75
EXAMPLE 9

Example 3 was repeated, feeding to the reactor a
mixture consisting of:

25 42% Methanol, 50% MTBE, E% cyclohexane, 3% water and con-
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MIBE H202 H202 Sel ectivity Nr.hours%u %l ar % 35005. 674 45055. 477

550205. 580 650505. 582 750705. 778 850805. 275 EXAWMPLE 9 Exanple 3 was
repeated, feeding to the reactor a mxture consisting YNYOVEMBER®IMEt hanol
50% MIBE; 5% cycl ohexane, 3% water and con 4 NOVEMBER 2005 taining 6 ppm of
HBr and 200 ppm of H2S04. After 50 hours of reaction, 5.7%of H202 are ob-
tained wwth a selectivity of 85% 5 10 15 20 25 4 NOVEMBER 2005

taining 6 ppm of HBr and 200 ppm of H,S0s.
After 50 hours of reaction, 5.7% of H:0, are ob-

tained with a selectivity of 85%.

10

15

20

25
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CLAI M5 A process for the production of hydrogen peroxide from hydrogen and
oxygen in a reaction solvent containing a hal ogenat ed4 NDOVEMBIR 28081/ Or an
acid pronoter, in the presence of a heterogeneous catal yst based on one or
nore nmetals of the platinumgroup, wherein the reaction solvent consists of
(1) (2) (3) an alcohol or mxture of alcohols; an aliphatic ether; and
optionadpaAlMS$ er; the al cohol being selected fromthose having from1l to 6
carbon atons and the aliphatic ether being selected fromthose defined by
general formula (I) RORL wherein R and Rl, the sane or different, are

al kyl grl.OUpsAhPfU&@ IfoEQHéI 66&1090&%?2@&0&@5?%&0 tﬁeofr-gprﬁg ?ﬁg@ﬁ%ﬁ‘%&?@éﬂ ﬂgat 0

claiml, where the al co s sel

from

car bon at onsreagtionl kelvprtocmsanagco dloggnatal pramote2 andiheraei acid lpeorabten hiol thies
t ures. 4. The

sel ected from net hano et hanol er nol (TBA) or thei
o beose. ace ORI ob o e Rl SRl h DA 081085 REMOF AT AHBE

process accombﬂgg]ﬂl@r&k%méver}@@gﬁs@g@of he quantity of al cohol

or

FPp aémulﬂgoup,

m xt ure of

al cohol's ranges from10 to 9.9% by weight with respect to the reaction
solvent. 6. Thelpr omesaécoaob@trrdm’mgebcﬁabbmlm 5, wherein the quantity of

0,
al cohol or mxt e of r@pﬁgw etﬁer ranpges from20 to 80% by weight with respect

to the reacti or{ ol V&
3) optionally water;

the alcohol being selected from those having from 1 to 6 carbon atoms and the aliphatic

ether being selected from those defined by general formula (I)

R-O-R;

wherein R and R;, the same or different, are alkyl groups having from 1 to 6 carbon

atoms.

2. The process according to claim 1, wherein the alcohol is selected from those having from

1 to 4 carbon atoms.

3. The process according to claim 2, wherein the alcohol is selected from methanol,

ethanol, terbutanol (TBA) or their mixtures.

4, The process according to claim 3, wherein the alcohol is methanol.

5. The process according to claim 1, wherein the quantity of alcohol or mixture of alcohols

ranges from 10 to 9.9% by weight with respect to the reaction solvent.

6. The process according to claim 5, wherein the quantity of alcohol or mixture of alcohols

ranges from 20 to 80% by weight with respect to the reaction solvent.

7. The process according to claim 1, wherein the compounds having formula (I), R is

methyl and R, a teralkyl.

8. The process according to claim 1, wherein the ether is methyl-terbutylether (MTBE).

18



7. The process according to claim1, wherein the conpounds having formul a
(1), Ris methyl and RI a teralkyl. 8. The process ac£®OUYEMBERQOGS ai m 1,
wherein the ether is nmethyl-terbutylether (MIBE). 18 4 NOVEMBER 2005 9. The
process according to claim11, wherein the quantity of aliphatic ether having
general fornula (1) ranges fromO.1 to 90% by weight with respect to the
reacti o, sol @8tprockss actbRIiRE RCESiE ACKBEdinNEe GRarktitRioMBphat ekitr hatiRg ekt i ty
of aliphatic ether having general fornula (I& ranges from 20 to 80% by

wei ght wit h fespéet]) rapgeh@omdalkto Yo by Migkeht with resppido praicadiionsobsati ng t o
claim1l1, wherein the quantity of water ranges fromO to 50% by weight with
respect to the reaction solvent. 12. The process according to claim 11,

wher ei n 10he qhamkddeys sdcombiieto ¢laingeswherein the igoadRYof hiyphatic giter batihg resqalct
to the reaction solvent. 13. The Bgocess according to claim1, wherein the
reaction sol V@RtUIEdneeeEonRE 180 deveigh with raspedt S BEBeATEoR &P 1¥E R ed from
paraffins, cyclo-paraffins and aromati c conpounds. 14. The process accordi ng
to claim 13, wherein the paraffinic hydrocarbons can be |inear or branched.
15. The 1pr oc d&s pawesy abicoglingotocllamnt, k&erauh éregjuanti fye f peatafringes fome0 s@b@btbyd
from those havi from5 50 18 carbon atons. 16. The process according to
claim 13, wheesHh wihdespsrtipsheeaction 0l¥eatt ed from n- hexane, n- hept ane,

n- oct ane, n-decane or their branched isoners. 17. The process according to
claim 13, wherein the cyclo-paraffins are selected from cycl ohexane,

decal i nd2or ftlheiproctsy aocatding® clains it wherdinthe huoniey of water earegek yiiong? dape%

having 1 to carhon . atons. 18 The.process according to claim 17, wherein
the subst ! ¢ ubsd g RalamErt P ite Spgi ELRbEREy

13.  The process according to claim 1, wherein the reaction solvent comprises one or more

C5-Cs; hydrocarbons selected from paraffins, cyclo-paraffins and aromatic compounds.

14.  The process according to claim 13, wherein the paraffinic hydrocarbons can be linear or
branched.
15.  The process according to claim 13, wherein the paraffins are selected from those having

from 5 50 18 carbon atoms.

16.  The process according to claim 13, wherein the paraffins are selected from n-hexane, n-

heptane, n-octane, n-decane or their branched isomers.

17.  The process according to claim 13, wherein the cyclo-paraffins are selected from
cyclohexane, decaline or their derivatives substituted with one or more alkyl groups

having 1 to 6 carbon atoms.

18.  The process according to claim 17, wherein the substituted cyclo-paraffins are selected

from methyl-cyclohexane, ethyl-cyclohexane and dimethyl-cyclohexane,

19.  The process according to claim 13, wherein the aromatic hydrocarbons are selected from

those having from 6 to 24 carbon atoms.
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from net hyl - cycl ohexane, ethyl -cycl ohexane and di net hyl - cycl ohexane, 19. The
process according to claim 13, wherein the aronmati c hygdNOvEMBIRS2088 €
selected from those having from6 to 24 carbon atons. 19 4 NOVEMBER 2005
20. The process according to claim 19, wherein the aromati c hydrocarbons are
sel ected from benzene, naphthal ene, al kyl benzenes and al kyl napht hal enes

wi th one&oor rithegrbiaseaccoeding by elacinédl, whdeyin thdaronmtibdydigarbohoart Seleated Giom

atonms. 21. The process accordjng to claim 20 rein the al kyl -benzenes and
al kyl napt hal dralenen G g PZ%F%HE%&YHP%%H% WItﬁ;ﬁﬂe PEMTE2E B 12
carbon at oms.prgghed BR ﬂﬂﬁﬁﬁ%ﬁv%QQQBQ%Qgﬂ%ﬁa&h%.”‘21, wherein the

al kyl - benzenes are se?lect ed fromtoluene, xylenes (ortho, nmeta and para),

et hyl benzene and cunene. 23. The process according to claim 13, wherein the

gquanti ty, of drocarbons ranges from 0 to.40% b ight wt espect to the
eacti or?1Sol v rogess et Fogeira it dieFe) be Bl RPSShes e Ay TpRgAlens
quantity of hude QERAERMR Brdm@REPSkIIBAInthatingtRONL8Y6 PY c¥BbBhfon th respect to
the reaction solvent. 25. The process according to claim1l1, wherein the

metal components of the catalyst are selected from palladium platinum

r ut heni rhadi u iridiumand gold. .26.. The .pr,qcess accordi 0_cl.aim 25,
hher oin Phe. s sty Rl aF afessiy B uPI iR GROTSRS ot
27. The procesgendsHhdi MetalDdPas) etRFbertB®y fidtublt@ecat al yst contains a
gquantity of palladium ranging fromO0.01 to 5% by wei ght and a quantity of

platinumranging fromO0.01 to 1% by weight, with an atomc ratio

plati nur%pal l'@[}%i ur&ersg‘? Iorr](%nf% goma?r'n]1/39gv'hgregnoth%glugﬁ?ty,%)g'hgagggﬁ){ogé: Fan esaf%gr(r)lr(fj | ng

to clai m27, rein € ca ?ys cohtarns a adi'u rangi ng
fromO0.2 to 383u4by, Wekelht Wil r@petiaditictryacibn pdlagitnum rangi ng from 0.02 to

0.5%
24.  The process according to claim 23, wherein the quantity of hydrocarbons ranges from 0.1

to 20% by weight with respect to the reaction solvent.

25.  The process according to claim 1, wherein the metal components of the catalyst are

selected from palladium, platinum, ruthenium, rhodium, iridium and gold.

26.  The process according to claim 25, wherein the metal components of the catalyst are

palladium and platinum.

27.  The process according to claim 26, wherein the catalyst contains a quantity of palladium
ranging from 0.01 to 5% by weight and a quantity of platinum ranging from 0.01 to 1%
by weight, with an atomic ratio platinum/palladium ranging from 0.1/99.9 to 50/50.

28.  The process according to claim 27, wherein the catalyst contains a quantity of palladium
ranging from 0.2 to 3% by weight and a quantity of platinum ranging from 0.02 to 0.5%

by weight, with an atomic ratio platinum/palladium ranging from 1/99 to 30/70.

29.  The process according to claim 1, wherein the catalyst is prepared by dispersing the

active components on an inert carrier by means of precipitation and/or impregnation.
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by weight, with an atomc ratio platinum palladiumranging from1/99 to

30/ 70. 29. The process according to claim1, wherein thsovahvalrsioos s
prepared by dispersing the active conmponents on an inert carrier by neans
of precipitation and/or inpregnation. 20 4 NOVEMBER 2005 30. The process
according to claim 23, wherein the catalyst is prepared by dispersing in
sequence3fand Etet p:roa@tsia@goﬂdh% w elaimﬁ szer whefeid lig: sitalghteisnrepdred OFPdisRisg of
the catalyst on a carrier. process according to claim23, wherein
the carrier sgq%lp%e%altw@mgééﬁ pxﬁatl@arS@éﬁlb'bﬂngle meial ey Bbie catalyst on
functlonallz%%ﬂ? &:h sulfonic groups, silica, alumna, silica-alumna and
zeolites. e process according to claim31, wherein the carrier is an
activated carbon with a low ash content and a surface area higher than 100
n/ g. rocess accqrdin m 32, wherejn the gctivated carbon
has a su%facgﬂﬁr@aceswb% Ing finga égﬁgﬁf‘gméhﬁ CaFFigr ﬁrSS](‘?%@Q%%Pé‘E:B?tH’aFF& PEPB} ai m
33, wherein tREVAC LHBEE hukAbRAR DI HPHONAGEURN, Shica IR, iR BOONIBAD.-
35. The process according to claim1, wherein thé catalyst Is used at a
concentrati oreepbtegi ng fromO0.1 to 10% by weight with respect to the
reaction solvent. 36. The process according to claim35, wherein the
catalyst is used at a concentration ranging fromO0.3 to 3% by weight with
respect 30 thgy dﬂé@ésb QftoPdhy etlaimd 31, whaeﬁrtﬁs@%ea%%rmmea@a&,b@l“mhla low
wherein the acid pronoter i$ selected from substances capable of generating
H hydrogen iashsontenttand arseefecd ape kigherghan 1880 /The process according to claim
37, wherein the acid pronoter is selected frominorganic acids such as
sulfuric, phosphoric, nitric acid or fromorgani c acids such as sul fonic

33.  The process according to claim 32, wherein the activated carbon has a surface area
higher than 300 m?/g.

34.  The process according to claim 33, wherein the activated carbon has a surface area
higher than 600 m*/g.

35.  The process according to claim 1, wherein the catalyst is used at a concentration ranging

from 0.1 to 10% by weight with respect to the reaction solvent.

36.  The process according to claim 35, wherein the catalyst is used at a concentration

ranging from 0.3 to 3% by weight with respect to the reaction solvent.

37. The process according to claim 1, wherein the acid promoter is selected from substances

capable of generating H" hydrogen ions in the reaction solvent.
38. The process according to claim 37, wherein the acid promoter is selected from inorganic
acids such as sulfuric, phosphoric, nitric acid or from organic acids such as sulfonic

acids.

39.  The process according to claim 38, wherein the acid promoter is sulfuric acid or

phosphoric acid.
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acids. 39. The process according to claim38, wherein the acid pronoter is
sul furic acid or phosphoric acid. 21 4 NOVEMBER 2005 #NWOVEVMIBERROISESS
according to claim1l, wherein the concentration of acid pronoter ranges
from20 to 1000 ng per kg of reaction solvent. 41. The process according to
cl ai m 40, wherein the concentration of acid pronoter ranges from50 to 500
ng per KQ. of Thegobimss asalrdi@pgtto dddm Thehpreoc tescoacanration pft @id painmotdr, ranpes ei n
t he hal ogenat ed onpter is selected from substances capabl e of generating
hal ogen i ons fiof %‘u@nﬁgﬁd{@ BFF ketvesrtion salverthe process according to claim 42,
wherein the hal ogenated pronoter is selected from substances capabl e of
generating brom de ions such as hydrobromc acid and its salts soluble in
t he reactli on Tinedireeess actording &b ckdimndd), brhendinldlss cenematidtiom ¢ff amd georostesmdizesm

bromate. 44. The_progess according to claim43, wherein the conpound is
hydr obr omi ¢ 5@%,56100%@&% pB’il&%’i”%‘Sg%’ron%{V Q% um bromi de. 45. The process

according to claiml1l, wherein the concentration of hal ogenated pronoter
ranges fromO0.1 to 50 ng per kg of reaction solvent. 46. The process
accor di dg. t o Theairased$ aceghdingitn ddim towbeninr éiei hatpgehathdipoeroaiat edsqeaterbirem

ranges froml_ to 10 er kg of.reaction solvent. A47. [The process according
to claim1l, \Rﬂ%ﬁ?aéﬁcﬁs %&ﬁfé%g%?%%lqg?mioeﬁcpil% B erg%ctlgntsgh/ﬁg ature ranging
from-5 to 90C. 48. The process according to claim47, wherein the

tenperature ranges from2 to 50C. 49. The process according to claiml1,
wher ei n48he rldadreesss pecording ite ¢laut42atwherain tha hadpgengigd promoter is selected from

substances capable of generating bromide ions such as hydrobromic acid and its salts
soluble in the reaction medium such as alkaline bromides, ammonium bromide or sodium

bromate.

44,  The process according to claim 43, wherein the compound is hydrobromic acid, sodium
bromide or potassium bromide.

45.  The process according to claim 1, wherein the concentration of halogenated promoter

ranges from 0.1 to 50 mg per kg of reaction solvent.

46.  The process according to claim 45, wherein the concentration of halogenated promoter

ranges from 1 to 10 mg per kg of reaction solvent.

47.  The process according to claim 1, wherein the reaction is carried out at a temperature

ranging from —5 to 90°C.
48. The process according to claim 47, wherein the temperature ranges from 2 to 50°C.

49.  The process according to claim 1, wherein the reaction is carried out at a total pressure

higher than atmospheric pressure.

50.  The process according to claim 49, wherein the total pressure ranges from 30 to 300 bars.
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hi gher than atnospheric pressure. 50. The process according to clai m49,
wherein the total pressure ranges from 30 to 300 bars. 422viMENENBER 2005
51. The process according to claim1, wherein the nolar ratio

hydr ogen/ oxygen in the feeding ranges from1/1 to 1/100. 52. The process
according to claim51, wherein the nolar ratio hydrogen/oxygen in the

f eedi ng saNgeBhd pRIPeds dcdotiing k8. clhidr 1TRMRINGRS mAKC YAt AgdrbBerfbBigth lin the
wherein the reaction is carried out in the presence of an inert gas

sel ect ed froniepding sapges frpel i/Litg 1/4PGon. 54. The process according to claim
53, wherein the inert gas is nitrogen. 55. The process according to claim1,
wherein the concentration of hydrogen in the gaseous phase in contact with
the reac$l.on Bifd pRREss Sccorlind ab REAMAs 1, awh@tinethe onelar trixén h¢dio¥en/oBygah . in Hhe
The process according to claiml1l, wherein the reaction is carried out using
air as oxygenfeedng smgessfromnatgl/deess according to claim1, wherein the
reaction is carried out batchwise or in continuous. 58. The process
according to claim1l, wherein the solution of hydrogen peroxide is used
direct|ysi.n ahheopiodessiaotorfingaedainif 1,avisddia tthiateacti@l Badaetkd 6w ehepiegsice of
aromati ¢ hydrocarbons, anmpni a, and carbonyl conpounds, using titani um
silicalite asarjclagtég%qe?ecgegl from nitrogen, helium, argon.

54.  The process according to claim 53, wherein the inert gas is nitrogen.

55.  The process according to claim 1, wherein the concentration of hydrogen in the gaseous

phase in contact with the reaction solvent is maintained at a value lower than 4.5%

molar.

56.  The process according to claim 1, wherein the reaction is carried out using air as oxygen
source.

57.  The process according to claim 1, wherein the reaction is carried out batchwise or in
continuous.

58.  The process according to claim 1, wherein the solution of hydrogen peroxide is used

directly in an oxidation process of a substrate selected from olefins, aromatic

hydrocarbons, ammonia and carbonyl compounds, using titanium silicalite as catalyst.
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