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PEROXI DE I N A MULTI COVPO 5 NENT SOLVENT SYSTEM The present invention

relates to a process for the 10 production of hydrogen peroxide (HZOZﬂQRgVKS
from hydr o§em02409850dxygen whi ch uses as reaction sol vent, ®POTWBERORN4S78 ON-
sisting of one or nore al cohols, at |east one C5-.C32 hy- drocarbon and

optionally water. 15 Hydrogen per oxi ' rcially inportant prod-
uct which is widely used as a bIeaﬁNmﬂw"mwﬁww tile and paper industry, as
biocide in the environmental field™and in the chem cal industry in .
oxi dation processes. Exanples of t hese "8%%dat i on processes are those us- 20
ing titaniumsilicalite as catal ysts, such as the epoxi- dation of olefins

(EP-100, 119), the amoxi mati on of car- bonyl conpounds (U. S. 4,794,198),

the oxidation of ammp- nia to hydrmmmmmmm ﬂmmm.s. 5,320, 819) and the
hydroxyl a- tion of aromatic hydroc 4,369, 783). WD 02/ 092501
PCT/ EPO2/ 04578 *ACTION*

DIRECT SYNTHESIS OF HYDROGEN PEROXIDE IN A MULTICOMPO-
5 NENT SOLVENT SYSTEM
The present invention relates to a process for the

production of hydrogen peroxide (H202) from hydrogen and

+ oxygen which uses as reaction solvent, a mixture con-
sisting of one or more alcohols, at least one Cs—Czz hy-
drocarbon and optionally water.

15 Hydrogen peroxide is a commercially important prod-

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 oxi@ation processes are those us-
20 ing titanium silicalite as catalysts, such as the epoxi-
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 H202 by neans of a

‘conpl ex two-step process, is known. In this process a solution of an

ant hraqui none, such as butyl ant hraqui none or et hyl ant hraqui none, in an
or gani ¢ nmedv@im/9stitsci ble with water,

oxidized with air to produce H202 which is
aqueous phase. This process, however, has considerabl e di sadvan- tages

deriving fromthe necessity of operating with 10 |arge vol unes of

reagents, the nunerous steps required,
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ated and then oxidized with air to produce Hz0; which is
subsequently 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 pro-
duction of inactive by-products.

Processes for the direct synthesis of hydrogen per-
oxide from H, and O, have been studied, to overcome these
drawbacks. These processes are generally carried out by
reacting the two gases in a solvent consisting of an
agqueous medium or an aqueous-organic medium, in the
presence of a catalytic system consisting of a noble
metal, particularly metals of the platinum group or
their mixtures, in the form of salts or as supported
metals.

Among processes of this type, those which seem par-—
ticularly attractive from a technical and economic point

of view, operate in an alcohol or alcohol-aqueous me-

gases 1 n a solvent consisting of an aqueous nedi um or

, particularly netals of the platinumgroup or

YheR. aisnbhlﬁ?lfaﬁtﬁkgﬁuﬁﬁd)ﬁé Of ashglaphieguimmiea sin Ammng
hose which seempar- ticularly attractive froma



'PCT/ EP02/ 04578 dium for exanple, in nmethanol or in nethanol-water de-
scri bed, for exanple, in U S patent 4, 335 092, in pat- ent application
WO 98/ 16463, in European patent applica- tion EP 787681 and nore
speci fi cal WO d2i09sMopean patent 5 application EP 978316 arRCTYEP02/04578 an
patent applications M 2000 A001218, M 2000 A001219 and M 2000 A001BB1
In fact, with the other conditions remaining un- changed, higher reaction
rates and selectivities are ob- served with respect to operating in an
aqueous nedium 10 The high reaction performances result, in turn: i. in
the possi bilit i, CaHoryidka@nmit,t He Metees1Unr der muttlarsdf-eayecord-t i ons,
wel |l outside the explosivity zone of H2-02 m xtures, w thout jeopardi zing
the process fIRPidelgChBCakaRGBONMIG ERISNt pafenitew, 385,092, dnt pat-
possibility of using extrenmely |ow quanti- ties of pronoters (halides and
acids) in the rRactinicaedbHMiowos)1b£6%f i ti aturigent pairerdthegtldlia- ty of
the catalytic systemand on the production of stable hydro- gen peroxide
sol utions, at & ieRNGENtTERdeAN b tidde durciZQ cdillec tini S rmybarc Eadental | y
valid in oxidation proc- esses. Furthernore, the problemrelating to the
formation gof QrEANICEtR6HORPIEIEBS6MEANM ATl idn restpant dppirast:icesses
whi ch operate in the presence of other organic 3

MI 2000 A001218, MI 2000 A001219 and MI 2000 A001881.

In fact, with the other conditions remaining un-
changed, higher reaction rates and selectivities are ob-
served with respect to operating in an aqueous medium.

10 The high reaction performances result, in turn:

i. in the possibility of carrying out the process un-
der high safety conditions, well outside the explosivity
zone of H,-0, mixtures, without jeopardizing the process
from a technical-econonic point of view;

15 ii. in the possibility of using extremely low quanti-
ties 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 hydro-
gen peroxide solutions, at a concentration suitable for

20 direct use and economically valid in oxidation proc-
esses.

Furthermore, the problem relating to the formation
of organic peroxides is minimized with respect to proc-

esses which operate in the presence of other organic



MO 02/ 092501 PCT/ EP02/ 04578 sol vents, such as acetone, for exanple.

Finally, the concentration of the hydrogen peroxide produced, can reach
comercially useful values, as the boiling point and the evaporation heat
of the al c&%@!’%’“”@lsui tably selected, are |ower than thos@®CITEPAZI045T8 |t has
now been found that it is possible to fur- ther inprove these processes, in
ternms of selectivity and froman economc point of view, by using, as
reac- tion solvent, a system conprising one or nore al cohols, 10 at |east
a C5-C32 hydrocarbon and optionally water. The H202 sol utions obtai ned can
be used directbyliventoxisladt ois PICRARSLES Folti 8RamdSEefitaniumsilicalite as

catal yst, as the conponents of the solvent m xture are conpatible with
sai d processes. 15 Frima&rgr danc ecodddntiditionanfolthechydi-ogba peesrhtie
invention relates to a process for the production of hy- drogen peroxide
starting frompyddaged, apdnoxygeh, donmercieddyi asefollverdlicm)t aasi hjea

hal ogenat ed pronoter and/or an acid pronoter, in the presence of a

het eroge 20 neboiliagappshtbandd the aweporatoe melad obf théeapbahol, num
group, wherein the reaction solvent consists of: (1) an alcohol or mxture
of alcohol § §@)tabkyoselarteed;5-aE82 lopdrothnhohsosanmft Wa)emwptional |y
wat er .

It has now been found that it is possible to fur-
ther improve these processes, in terms of selectivity
and from an economic point of wview, by using, as reac-
tion solvent, a system comprising one or more alcohols,

10 at least a Cs-Cs; hydrocarbon and optionally water.

The H,0, solutions obtained can be used directly in
oxidation processes which use titanium silicalite as
catalyst, as the components of the solvent mixture are
compatible with saild processes.

15 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 a halogenated promoter
and/or an acid promoter, in the presence of a heteroge-

20 neous catalyst based on one or more metals of the plati-
num group, wherein the reaction solvent consists of:

(1) an alcohol or mixture of alcohols:;

(2) one or more Cs—Csz hydrocarbons; and

(3) optionally water.



4 WD 02/ 092501 PCT/ EP02104578 Exanpl es of al cohols suitable for the
purposes of the present invention are selected fromthose having from1l
to 6, preferably from1 to 4, carbon atonms. Anong Cl-C4 al cohols, nethanol,
et hanol , t&Y®MeRAW1 5 (TBA) or their m xtures, are pref ePCIEPONRASHNOl S
par- ticularly preferred. The quantity of alcohol or m xture of al cohols
ranges from 10 to 99.9% by weight with respect to the solvent m xture,
preferably from20 to 80% by weight 10 with respect to the reaction

sol vent. The C5-C32 hydrocarbons are generally selected from paraffins,

cyclo-paraffins or gxanpids 69TROUAHS1s TRaipabaéf ifdirc thedrporsdxs afe
preferably selected fromthose having from5 to 18, carbon atons, and can

be 15 linear grebrinched Bxesmtiasm obhrsal sepaitid | fronhyhosear hansngr e n-
hexane, n-heptane, n-octane, n-decane or their branched isonmers. Exanples

of cycl o- par af #+6k C1 hyslr ¢ as s aM1§ Erom2@ ebohpxsathomlecsdnse or their
derivatives substituted wth one or nore al kyl groups having from1l to 6

carbon atoms. Typig@bngXxeMuealebhsasy aerpandlls atkanelhykerbytanbéxane,
et hyl - cycl ohexane or di net hyl - cycl ohexane.
5 (TBA) or their mixtures, are preferred. Methanol is par-
ticularly preferred.

The quantity of alcohol or mixture of alcohols
ranges from 10 to 99.9% by weight with respect to the
solvent mixture, preferably from 20 to 80% by weight

10 with respect to the reaction solvent.

The Cs—Ci; hydrocarbons are generally selected from
paraffins, cyclo-paraffins or aromatic compounds. |

The paraffinic hydrocarbons are preferably selected
from thosé having from 5 to 18, carbon atoms, and can be

15 linear or branched.

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

Examples of cyclo-paraffinic hydrocarbons are cy-

20 clohexane, decaline or their derivatives substituted
with 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



Aromatic hydrocarbons suitable for the purposes of WO 02/ 092501

PCT/ EPO2/ 04578 the present invention are preferably selected fromthose
having from6 to 24 carbon atons. Exanples of aromatic hydrocarbons are
benzene, NePM/09as0dne, al kyl benzenes and al kyl napht hal enePCIVEPG2/067Hne or
nore |inear or branched al kyl chains, having from1 to 18, preferably from
6 to 12, carbon atons. Exanples of al kyl benzenes are tol uene, xylenes
(ortho, nmeta and para), ethylbenzene and cunene. The quantity of

hydr ocarbons which is used in the 10 reaction is in relation to the type

of al cohol (s) %lﬁ%gbﬁ%%gﬁﬂ% {0k RI8TIFe2aHPy0 el 8- A0 BYoet Bbse Pref -

erably fromO. wel ght, with rfespect to the total reaction

mxture. The GUApLLLYeRhy VLSS 24HeBBResBBRs . TaNgES from O 15 Lo 50% by
to

wei ght with respec e reaction solvent, preferably from2 to 30% by

wei ght with respectEiéégfgg r&act] a3l elydrbeareahal Yake WbehzEna8, be
es

used for the purpos the 1 nvention is & heterogeneous catal yst

cont ai ni N 0N, 00l RLC TRGDeAkehlE PLAL I NUIMTRHALRS1 2605V e CORPO

nents. Exanpl es ese netal s are palladium platinum ruthenium

rhodium irg diymagd gokd- 1RiederdedhrBidled ANGIPRhbadkyMattng! atbaum
1 to 18, preferably from 6 to 12, carbon atoms. Examples
of alkylbenzenes are toluene, xylenes (ortho, meta and
para), ethylbenzene and cumene.
The quantity of hydrocarbons which is used in the
10 reaction is in relation to the type of alcohol(s) used,
and generally ranges from 0.01 to 40% by weight, pref-
erably from 0.1 to 20% by weight, with respect to the
total reaction mixture.
The quantity of water, when present, ranges from 0
15 +to 50% by weight with respect to the reaction solvent,
preferably from 2 to 30% by weight with respect to the
reaction solvent.
The catalyst which can be used for the purposes of
the invention is a heterogeneous catalyst containing one
20 or more metals of the platinum group as active compo-
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 cata-



~The palladiumis normally present in these cata 6 WO 02/092501

PCT/ EPO2/ 04578 |ysts in a quantity ranging fromO0.1 to 5% by wei ght and
the platinumin a quantity ranging fromO0.01 to 1% by weight, with an
atom c rat WO bz9e%8en pl ati num and pal l a- di um rangi ng froPCIERPIDSISB t O
50/50. 5 The palladiumis preferably present in a quantity ranging from
0.2 to 3% by weight and the platinumin a quantity ranging fromO0.02 to
0.5% by weight, with an atomc ratio between platinum and pal | adi um
ranging from 1/99 to 30/70. 10 In addition to palladiumand platinum

h I \Yi ,
o o SO e ek TR LG

can pr as acfive com ponents or

t f
ol 12 um 15 e BaearbEh 2, WesiRestl Cland i Dedw0. blekotnd My
conponent s on ar@?@” £ LT P10 RRGRLR! pub8LheR AN/ QLLa-

|npregnat|on S |ng Fom precursors con- sistlng, exanp e

solutions of t Rl e and therein reduced to the
y A ifnogf £rHP d”i/‘ég ?”\?b K8P50¢

metal 20 state er mal or chemcal treatment with reducing

substances such as ﬂMgrgeFPad§&glHg]BQE%b%EBly $disURLCiiky & eqhynfeeps of

preparative techni ques
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.

10 Tn addition to palladium and platinum, other metals
of group VIII or IB, such as, for example, ruthenium,
rhodium, iridium and gold, can be present as active com-
ponents or promoters, in a concentration generally not
higher than that of the palladium.

15 The catalyst can be prepared by dispersing the ac-
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

20 state by means of thermal and/or chemical treatment with
reducing 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 inven-



known in the state of the art. According to an enbodi nent of the present

I nven 7 WO 02/ 092501 PCT/ EPO2/ 04578 tion, the catal yst can be prepared by
di spersing in se- quence and alternating the precursors of the single

met al conpW@y2si the catal yst on a carrier, as de- scriPCFEPAZIMSHE ai ned
in the patent application IT ML2000- 5 A001219. The inert carrier may
typically consist of acti- vated carbon, silica, alumna, silica-alumna,
zeolites, and other materials well known in the state of the art.
Activated carbon is preferred for the preparation of the 10 catalysts

useful for the, i(r;p[en;:%l H’,é/ﬁtggnc blggépmce;hb§aal§]]§ey§ﬁdgfgr tbe

i nven- tion aré sel ose of fossil or natural ori grn derivi ng

for exanple fr ardd 991 t8rnRERh g OreHPCBREENraRds hayE NEnR Ssihgre area
hi gher than 10‘8&% ar?!rdef eara 31:% bl yghr ghergt hanr300 n2/g; a carbon with a

surface area zﬁéﬂgff cb ABBnEARs TBIEQ die RAILAIMAroN Br Qfiried, Rxe-déerred
activated carbons are those with a | ow ash con- tent. The sulfonated

activated carbgas;gescihlediiimdd G B RAARNIALPH] izark beatironI ER0O+8316
can be used for the pur pose.
5 A0012109.

The inert carrier may typically consist of acti-
vated carbon, silica, alumina, silica-alumina, zeolites,
and other materials well known in the state of the art.
Activated carbon is preferred for the preparation of the

10 catalysts useful for the invention.

Activated carbons which can be used for the inven-
tion are selected from those of fossil or natural origin
deriving for example from wood, lignite, peat or coconut
and having a surface area higher than 100 n?/g, prefera-

15 bly higher than 300 m?/g; a carbon with a surface area
higher than 600 m?/g is particularly preferred. Pre-
ferred activated carbons are those with a low ash con-
tent.

The sulfonated activated carbons described in Euro-

20 pean patent application EP 978316 can be used for the
purpose.

Before the supporting or impregnation of the net-
als, the activated carbon can be subjected to treatment

such as washing with distilled water or treatment with



Before the supporting or inpregnation of the nmet- als, the activated carbon
can be subjected to treatnent such as washing with distilled water or
treatment with - 8 WD 02/092501 PCT/ EP02/ 04578 aci ds, bases or diluted

oxi di zi ng AYeM/e925fior exanple acetic acid, hydrochl oric RETEPITOEI&IM
carbonate and hy- drogen peroxide. The catalyst is normally dispersed in
the reaction 5 nmediumat a concentration ranging from0.1 to 10% by

wei ght, preferably fromO0.3 to 3% by weight with respect to the reaction
solvent. The acid pronoter nay be any substance capable of generating H+

hydrogen ions j&iddie paaeki Ot s@lverdd apidifihg eeeatsl | yEorel ecimslé rom
i norgani ¢ acids such as sul furic, phosphoric, nitric acid or from organic

acids such as;sai{ond & ACIgarcdtfoHiicC aagtld asdiphosphbohsate aand lay-e
preferred. The concentration of the acid gener- ally ranges from 20 to 1000

mg per kg of r@asdd®@p&dxildevent and preferably from50 to 500 ng per kg
of reaction solvent. The hal ogenated pronoter can be any substance capa-

bl e of generating hgdd deat£Ngst Nié hofmelcly ofi sdwand . in Stibst aegesiaapabl e
of generating bromde ions are pre 20 ferred. These substances are
general |y sl egé@uhr @ hy- concentration ranging from 0.1 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
10 is generally selected from inorganic acids such as sul-
furic, phosphoric, nitric acid or from organic acids
such as sulfonic acids. Sulfuric acid and phosphoric
acid are preferred. The concentration of the acid gener-
ally ranges from 20 to 1000 mg per kg of reaction sol-
15 vent and preferably from 50 to 500 mg per kg of reaction
solvent.
The halogenated promoter can be any substance capa-
ble of generating halide ions in the reaction solvent.
Substances capable of generating bromide ions are pre-
20 ferred. These substances are dgenerally selected from hy-
drobromic acid and its salts soluble in the reaction me-
dium, for example sodium bromide, potassium bromide, so-

dium bromate or ammonium bromide. Hydrobromic acid, so-

dium bromide and potassium bromide are preferred.



~drobromc acid and its salts soluble in the reaction nme- dium for exanple
sodi um brom de, potassium brom de, so- dium bromate or anmoni um brom de.
Hydrobrom c acid, so- dium brom de and potassi um brom de are preferred. 9
WO 02/ 0925080 PM28#202/ 04578 The concentration of the hal ogaTatpregio4sronot er
gen- erally ranges fromO0.1 to 50 ng per kg of reaction sol- vent and
preferably from1l to 10 ng per kg of reaction solvent. 5 The production of
hydrogen peroxide is carried out by reacting oxygen and hydrogen in the
reaction solvent in the presence of the catalyst and pronoters and in the

presence or absencepnl @ idetia i 6 CHLEthAI SFRm ta®- pasibLdte! Gaun

argon. Nitrogen is the preferred gas. 10 The nolar ratio H2/02 in the

feeding rangesefLpofg 1fdngdo #4400 . Pred ez@bdl% h&PkG/ 8rt PedéiPorangol he

concentra- tion of hydrogen I n the gaseous phase in contact with the

li quid reactiogeﬂggg#ﬁ;b§e§gggﬁmbeggbm Bicat 2ionefy Aer akyabeerboveioh han

4. 5% nol ar, outsid explosivity 15 [imts of Tthe m xture consisting of

H2, 02 and, optiehsp@l!y, an inert gas. According to an enbodi nent of the
process of the present invention, the reaction can be carried out using

air instead; of purerQXygefduction of hydrogen peroxide is carried out
by 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.

10 The molar ratio Hz/0. in the feeding ranges from 1/1
to 1/100, preferably from 1/2 to 1/15 and the concentra-
tion 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

15 limits of the mixture consisting of Hp, 0. and, option-
ally, an inert gas.

According to an embodiment of the process of the
present invention, the reaction can be carried out using
- air instead of pure oxygen.

20 The reaction is typically carried out at tempera-
tures ranging from -5° to 90°C, preferably from 2 to
50°C and at a total pressure higher than atmospheric
pressure, preferably ranging from 30 to 300 bars.

The process according to the present invention can

- 10 -



20 The reaction is typically carried out at tenpera- tures ranging from-5
to 90C, preferably from2 to 50C and at a total pressure higher than

at nospheric pressure, preferably ranging from 30 to 300 bars. The process
accordi ng WO @21 esent invention can - 10 WO 02/ 092501 PRURPREIET04578 be
carried out batchwi se or, preferably, in continuous using a reactor.
suitable for the purpose and selected fromthose described in the state of
the art. Operating under the above conditions, it is possi- 5 ble to
produce hydrogen peroxi de under safety conditions wth a reaction

productivity nd nghtyid@nghRgphiteRwdfet or, 2@ eFeabbiR)? expresivabuas H202
at 100% per litre of reaction nedium per hour and with a nol ar

selectivity towaisat beabepiaiduanadicHI®: t10d epuirpgsto dude dwlsageh 10
used up, ranging from60%to 90% The solutions of hydrogen peroxide thus

obtai ned can fensedsd HReHibed oxi théi oy asetIrs adi.ch com prise the
use of H202 wi thout conplex internmediate proc- essing such as the renoval

of acids and sol verjperatinguiditRrmahe, dbeereprapreiisiohst, ha tpriss gpisdirvent i on
is suitable for the production of aqueous solutions of H202 for conmerci al

use, by theg resmyalo Prddived tgaticyenc peporede suhdem shfet paconadit ietE um
for exanple by dis-
with a reaction productivity normally ranging from 30 to
200 g of H,0» (expressed as H20; at 100%) per litre of
reaction medium per hour and with a molar selectivity
towards the formation of H;0., referring to the hydrogen
10 vused up, ranging from 60% to 90%.

The solutions of hydrogen peroxide thus obtained
can be used directly in oxidation processes which com-
prise the use of Hy0, without complex intermediate proc-
essing such as the removal of acids and solvents.

15 Furthermore, the process of the present invention
is suitable for the production of aqueous solutions of
H,0, for commercial use, by the removal of the organic
components from the reaction medium, for example by dis-
tillation, which can be recycled to the synthesis.

20 The process of the present. invention allows the
reagents to be transformed into H»0, with high conver-
sions and selectivities, obtaining H;0, solutions without

acidity or containing only traces of acidity and/or

salts.

- 11 -



‘tillation, which can be recycled to the synthesis. 20 The process of the
present invention allows the reagents to be transfornmed into H202 with
hi gh conver- sions and selectivities, obtaining H02 sol utions w thout
acidity or wWoM/eRsiing only traces of acidity and/or salt PCHEPI045VO

02/ 092501 PCT/ EPO2/ 04578 The fol |l owi ng exanpl es, which have the sole

purpose of describing the present invention in greater detail, should in
no way be considered as Iimting its scope. EXAMPLE 1 5 Treatnent of the
carrier 50 g of activated carbon in maritime pine charcoal in powder form

(CECA) and 500 n ofnhdli £811dvech\ad:@imAled, «hacBedakBt @ha Lollkt purgbass
f!ask. After 2 hours.at_ 80C, the activated.carbon is filtergd and mashed
with 10 500 nmrofjedicstibhhgd thal efrestift ativatatiesh Cai bgReatét | bedai, is
then charged into the 1 liter flask and after adding 500 nl of a so-
lution at 2% byn¥eighin Olo Hiely Bd&driiRRFAHUES 1LSmibiRyolts tecddy. After
about 2 hours, the m xture is 15 cooled and the activated carbon i s washed
on a filter wekhumgigstilled H2O until the chlorides have been elim - nated.
The washed activatedg tarbon is recovered and

5 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
80°C, the activated carbon is filtered and washed with

10 500 ml of distilled water.

The activated carbon, still damp, is then charged
into the 1 liter flask and after adding 500 ml of a so-
lution at 2% by weight of HC1l, the temperature is
brought to 80°C. After about 2 hours, the mixture is

15 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.

EXAMPLE 2

20 Preparation of the catalyst 1%Pd-0.1%Pt/C

10 g of activated carbon treated as described in
example 1, are charged into a 0.5 liter glass flask,
containing 100 ml of distilled water and 0.32 g of

Na,C03;. The suspension is maintained at room temperature

- 12 -



‘dried in an oven at 120C for 2 hours. EXAMPLE 2 20 Preparation of the

catal yst 1%d-0.1%t/C 10 g of activated carbon treated as described in
exanple 1, are charged into a 0.5 liter glass flask, containing 100 m of
distilled weoevosasod 0. 32 g of Na2C03. The suspensi on i s IPEIT/EPA2/MSTE at r oom
tenperature - 12 WO 02/092501 PCT/ EPO2/ 04578 (20-25C), under stirring, for
10 mnutes. 10 m of an aqueous solution containing 1.0 g of a solution of
Na2PdCl 4 at 10% " by weight of Pd and 0.1 g of a solution of H2PtCl6 at

10% by wei ght, are subsequently 5 added dropw se over a period of about 10

mnutes. The syspepst@), ignd&PlsBlrHioRy) rewPevahihetésol 10 minutes and is
then heated for 10 mnutes to 90C. A so- lution containing 0.85 g of sodium

formate in 10 M ofg petg¢ he bheeoaddedladdon heostaimimg is0cgnbEnaed at
10 90C for 2 hours. After cooling to roomtenperature, the suspension is

filtered and thg1gpisghyst megaiearedti 3osaphedenihb odi p8i khadovat groginti |
the chlorides have been elimnated and dried in an oven at 120C for 2
hours. 15 EXAMRLBo3utEeAPaEatiMedls WNtIMASILY Wleilndr,oaee prRibxUently

5 added dropwise over a period of about 10 minutes.

The suspension is 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

10 90°C for 2 hours.

After cooling to room temperature, the suspension
is filtered and the catalyst recqverai is washed with
distilled water until the chlorides have been eliminated

and dried in an oven at 120°C for 2 hours.

15 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

20 system, a regulation and control system of the pressure
during the reaction, a filter for continuously removing

the liquid phase containing the reaction products, a
feeding system of the mixture of solvent and promoters

in which the reaction takes place, a feeding system of
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A mcropilot plant is used, consisting of a Hastel- |oy C autocl ave having
a volune of 350 m, equipped with a thernostat-regulation system a
magnetic drag stirring 20 system a regulation and control system of the
pressure ODHYP28Ne reaction, a filter for continuously rRETRPOLIGISTE he

| i qui d phase containing the reaction products, a feeding systemof the

m xture of solvent and pronoters in which the reaction takes place, a
feeding systemof - 13 WD 02/092501 PCT/ EP02/ 04578 t he gaseous reagents
and a series of regulation and con- trol instrunents. 0.6 g of catalyst

prepared as deggl ggge'bas exaapbet s ladda 180r b Hfo MUIANIL 103 @hds@outi on
(97/ 3 by wei ght) containing 6 ppmof HBr and 200 ppm of H2SO4 are

charged into theireastpPimedPg. autocl ave i s pressurized, wthout stirring,
at 100 bars with a gaseous m xture consisting of 3.6%of H2, 11% of 02

and 85.4% of N2 by yokugeorThatalihiti Pebardd bheleskatibed Yp lexa880e
revs/mnute, the pressure is naintained wth a continuous stream 700

normal liters 1(NHaWo g Qff the AT SRATRUSITLEE Uhe, (9W/Bh biyhGreaontem
por aneous feedi ng of 300 g/ hour of a methanol:water so- |ution having the

conposi ti onsdefdoned iabayesapgmconrt abp ahdi DO0SppRNbEf HiEY, ard 20QrgRed of
H2SO4. The tenperature
into the reactor.
The autoclave is pressurized, without stirring, at -
100 bars with a gaseous mixture consisting of 3.6% of
H», 11% of 0, and 85.4% of N, by volume. The stirring is
10 then started up to 800 revs/minute, the pressure is
maintained with a continuous stream, 700 normal liters
(N1/hour), of the same gaseous mixture, with the contem-
poraneous feeding of 300 g/hour of a methanol:water so;
lution having the composition defined above and contain-
15 ing 6 ppm of HBr and 200 ppm of H,SOs. The temperature
inside the reactor is kept at 6°C. The reaction trend is
followed by continuously analyzing the hydrogen and oxy-
gen in the feeding and at the outlet of the reactor.
The concentration of H,0, which is formed is deter-
20 mined in the reactor liquid effluent by titration with
potassium permanganate. The selectivity with respect to
the converted hydrogen is calculated on the basis of the
concentration of H;0, in the reaction effluent and on the

basis of analysis of the H; leaving the reactor, once
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inside the reactor is kept at 6C. The reaction trend is followed by
continuously anal yzi ng the hydrogen and oxy- gen in the feeding and at the
outl et of the reactor. The concentration of H202 which is formed is deter-
20 m ned i WOpHoR#actor liquid effluent by titrati on w th PQIGRPAYE4SI8N

per manganate. The selectivity with respect to the converted hydrogen is
cal cul ated on the basis of the concentration of H202 in the reaction
effluent and on the basis of analysis of the H2 | eaving the reactor, once
- 14 WD 02/092501 PCT/ EP02/ 04578 the stationary state has been reached in
the reactor. He sestldrmnblalied acenblli cahotkod MiT Al doactOXANPLE 4

Exanpl e 3 was repe ing to t e reactor a 5 liquid mxture

consi sting of 96% of rh Jethandls oia%h@iqe&yargi?l@@i(@é‘@e@% Phrie WAt er
ght

(et hanol / wat er wei ratio = 32) and containing 6 ppmof HBr and 200 ppm
of H2SO4. The piggpESsare |nd|cated in Table 1. EXAMPLE 5 10 Exanple 3 was
r epeat ed, feedrng—ro—f%e reactor a liquid m xture consisting of 94% of

met hanol , 3% of cy-gglghexane,aad R%ftaipt efeddiBif1ang! Awet exeastichtar ati o
= 31.3) and containing 6 ppmof HBr and 200 ppm of H2SO4. The results are
indicated i Tabhfid mixture consisting of 96% of methanol, 1% of cy-
clohexane and 3% of water (methanol/water weight ratio =
32) and containing 6 ppm of HBr and 200 ppm of HzSO4. The
results are indicated in Table 1.
EXAMPLE 5
10 Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 94% of methanol, 3% of cy-
clohexane and 3% of water (methanol/wafer weight ratio =
31.3) and containing 6 ppm of HBr and 200 ppm of H.SO,.
The results are indicated in Table 1.
15 EXAMPLE 6
Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 92% of methanol, 5% of cy-
clohexane and 3% of water (methanol/water weight ratio =
30.7) and containing 6 ppm of HBr and 200 ppm of H,S0s.
20 The results are indicated in Table 1.
EXAMPLE 7
Example 3 was repeated, feeding to the reactor a
liquid mixture consisting of 94% of methanol, 3% of n-

hexane and 3% of water (methanol/water weight ratio =
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.15 EXAMPLE 6 Exanple 3 was repeated, feeding to the reactor a |liquid

m xture consi sting of 92% of nethanol, 5% of cy- cl ohexane and 3% of water
(et hanol /water weight ratio = 30.7) and containing 6 ppmof HBr and 200
ppm of H2SWO 02/68350tkhe results are indicated in Table 1. BERCWER2Y4SEKanpl e 3
was repeated, feeding to the reactor a liquid m xture consisting of 94% of
nmet hanol , 3% of n- hexane and 3% of water (nethanol/water weight ratio = -
15 WD 02/092501 5 PCT/ EP02/ 04578 31.3) and containing 6 ppmof HBr and 200
ppm of H2S04. The results are indicated in Table 1. TABLE 1 10 15 Ex.

React i on_Par af 4 nPychg- obB021K20Z EebBR! b¥l bisrNanbO W HA ' Ao, Yl ar

The results are indicated in Table 1.

5
TABLE 1
EX. Reaction | Paraffin/Cyclo- | Hz0: H;0, Selectivity
10
Nr. hours paraffin % wt % molar %
3 65 0 5.96 76
4 65 1% cyclohexane | 5.71 87
5 65 3% cyclohexane 5.5 89
15
6 65 5% cyclohexane 5.5 89
7 65 3% n-hexane 5.2 85
20
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. 4651% cycl ohexane5. 7187 5653% cycl ohexane5. 589 6655% cycl ohexane5. 589 7653%
n- hexaneb. 285 20 WD 02/ 092501 PCT/ EP02/ 04578 5 CLAIMS 1. A process for the
production of hydrogen peroxide from hydrogen and oxygen in a reaction

sol vent coWwO02§92$0g a hal ogenat ed pronoter and/or an aci CPQIVER02/0a5T®r, in
the presence of a heterogeneous catal yst 10 based on one or nore netals of
the platinumgroup, wherein the reaction solvent consists of: (1) an

al cohol or mxture of alcohols; (2) one or nore C5-C32 hydrocarbons; and
(3) optionally water. 15 2. The process according to claim 1, wherein the
al co- hol is selected fromthose having from1l to 6 car- bon atons. 3. The
process according to claim2, wherein the alco- hol is selected fromthose
having from1 to 4 car- 20 bon atonms. 4. The process according to claim 3,
wherein the alco- hol is selected from nmethanol, ethanol, terbutanol (TBA)
or their m xtures.

5 CLAIMS
1. A process for the production of hydrogen peroxide
from hydrogen and oxygen in a reaction solvent con-
taining a halogenated promoter and/or an acid pro-
moter, in the presence of a heterogeneous catalyst

10 based on one or more metals of the platinum group,
wherein the reaction solvent consists of:

(1) an alcohol or mixture of alcohols;
(2) one or more Cs-Cz; hydrocarbons; and
(3) optionally water.

15 2. The process according to claim 1, wherein the alco-
hol is selected from those having from 1 to 6 car-
bon atoms.

3. The process according to claim 2, wherein the alco-
hol is selected from those having from 1 to 4 car-

20 bon atoms.

4. The process according to claim 3, wherein the alco-
hol is selected from methanol, ethanol, terbutanol
(TBA) or their mixtures.

5. The process according to claim 4, wherein the alco-
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. 5. The process according to claim4, wherein the alco - 17 W) 02/092501

is methanol. 6. The process according to claim1,
wherein the quan- tity of alcohol or m xture of alcohols ranges from 10 to
99. 9% by WWQP092¥ilt h respect to the reaction 5 solvent. PET/EPRA0MSTOOCeSS
according to claim6, wherein the quan- tity of alcohol or m xture of

al cohol s ranges from 20 to 80% by weight with respect to the reaction

The process according to claim1, wherein the C5-C32

hydr ocarbons are sel ected from paraffins, cyclo- paraffins and aromatic

PCT/ EPO2/ 04578 hol

solvent. 10 8.

conpounds. 9. The pg
sel ected fromthose ﬁg$?

or branched. 1@; T or
are selected from n-

S ARGRHHINg to claim8, wherein the par- affins are
ng from5 to 18 15 carbon atons and can be |i near

PFESSs LA ARG oL lcAaAMI 1, WBEeEANt BRePahianaf fins
exane, n-heptane, 'n- octane, n-decane or their

branched isomers. 1l;+ Jher PaoESSS1 865 OhdkBars 0ot 2l BbBol ¥hesrlsst Feoy- 20
clo-paraffins are selected from cycl ohexane, de- caline or their

derivatives substityged,Wobho9mey Ofiei FREEwaLKY kespoEPStHaYhag rbaeRidnt 0 6

carbon atons.
5

10

15

20

10.

11.

12.

solvent.

The process according to claim 6, wherein the quan-
tity of alcohol or mixture of alcohols ranges from
20 to 80% by weight with respect to the reaction
solvent.

The process according to claim 1, wherein the Cs-Caz
hydrocarbons are selected from paraffins, cyclo-
paraffins and aromatic compounds.

The process according to claim 8, wherein the par-
affins are selected from those having from 5 to 18
carbon atoms and can be linear or branched.

The process according to claim 9, wherein the par-
affins are selected from n-hexane, n-heptane, n-
octane, n-decane or their branched isomers.

The process according to claim 8, wherein the cy-
clo-paraffins are selected from cyclohexane, de-
caline or their derivatives substituted with one or
more alkyl groups having from 1 to 6 carbon atoms.
The process according to claim 11, wherein the sub-

stituted cyclo-paraffins are selected from methyl-
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12. The process according to claim 11, wherein the sub- stituted
cyclo-paraffins are selected fromnethyl - 18 WD 02/092501 PCT/ EP02/ 04578
cycl ohexane, ethyl-cycl ohexane and di net hyl - cycl ohe-xane. 13. The process
accordi ng W0 8/e®m18, wherein the aro- matic hydrocarbons rmEpepb4ses ed from
those having 5 from6 to 24 carbon atons. 14. The process according to
claim 13, wherein the aro- matic hydrocarbons are sel ected from benzene,
naph- thal ene, al kyl benzenes and al kyl napht hal enes with one or nore linear
or branched al kyl chains having 10 from2 to 18 carbon atonms. 15. The

process accordi ng tgygl ghdxde, V\'heé‘é‘ _I_gl-t@fciéﬂléxé%ﬁar or sh§anchgdeahigyL chain
has from6 to 12 car% at ons. e process according to claim 13,

wherein the al- 15 Eybpgﬁggﬂﬁﬁaﬁre sel ected fromtol uene, xylenes (or- tho,
meta and para), ethylbenzene and cunene. 17. The process according to claim

1, wherein thejguanthbi Fyoeésgyge@&ﬂﬂoasw aBE&fmf SOWQeQélﬁ OtA8 YeRY~
wei ght with respect to the reaction solvent . The process according

L 0 claim17, whereifatfg nguapthiyoRs Rwdr %veelrel&réa rﬁrw@StM@én Batihg 20%
’ 5 from 6 to 24 carbon atoms.

14. The process according to claim 13, wherein the aro-
matic hydrocarbons are selected from benzene, naph-
thalene, alkylbenzenes and alkylnaphthalenes with
one or more linear or branched alkyl chains having

10 from 2 to 18 carbon atoms.

15. The process according to claim 14, wherein the lin-
ear or branched alkyl chain has from 6 to 12 carbon
atoms.

16. The process according to claim 13, wherein the al-

15 kyvlbenzenes are selected from toluene, xylenes (or-
tho, meta and para), ethylbenzene and cumene.

17. The process according to claim 1, wherein the quan-
tity of hydrocarbons ranges from 0.01 to 40% by
weight with respect to the reaction solvent.

20 18. The process according to claim 17, wherein the
quantity of hydrocarbons ranges from 0.1 to 20% by
weight with respect to the reaction solvent.

19. The process according to claim 1, wherein the metal

components of the catalyst are selected from palla-
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wei ght with respect to the reaction solvent. 19. The process according to
claim1, wherein the netal conponents of the catalyst are selected from
palla - 19 WD 02/092501 PCT/ EP02/ 04578 di um platinum ruthenium rhodium
i ridium an®O 8209350120. The process according to claim19, PUTERPER/MSTHe

nmetal conponents of the catalyst are palladiumand 5 platinum 21. The
process according to claim20, wherein the catalyst contains a quantity of
pal l adiumranging from0.01 to 5% by weight and a quantity of plati- num
ranging fromO0.01 to 1% by weight, with an 10 atomc ratio

pl ati nun pal | adi u gi ; 0. . 50 22 T ce

according to clai 21}15%&' \/\/FFglr%glgmtmﬁe %@gﬁgﬁié@, co#?é;?ln%%a }Egr?? ?J%hy %ﬁd

pal | adi um rangi ng ?gicgm 0.2 to 3% by weight and a quantity of platinum 15
0

rangi ng from 0. 05 5% by weight, with an atomic ratio

Pt ol ool gk enabag et Shatay W Igdi, The piseanp acagr ol
conpo- 20 nents onpan,j NeLin&GRAAL £ oPYLAEARS L1y B €GHR! b31h98ium and
5 platinum.

21. The process according to claim 20, wherein the
catalyst contains a quantity of palladium ranging
from 0.01 to 5% by weight and a quantity of plati-
num ranging from 0.01 to 1% by weight, with an

10 atomic ratio platinum/palladium ranging from
0.1/99.9 to 50/50.

22. The process according to claim 21, wherein the
catalyst contains a dquantity of palladium ranging
from 0.2 to 3% by weight and a quantity of platinum

15 ranging from 0.05 to 0.5% by weight, with an atomic
ratio platinum/palladium ranging from 1/99 to
30/70.

23. The process according to claim 1, wherein the cata-

lyst is prepared by dispersing the active compo-
20 nents on an inert carrier by means of precipitation
and/or impregnation.

24, The process according to claim 23, wherein the car-

rier is selected from activated carbon, activated

carbon functionalized with sulfonic groups, silica,
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~and/ or inpregnation. 24. The process according to claim23, wherein the
car- rier is selected fromactivated carbon, activated carbon
functionalized with sulfonic groups, silica, - 20 WO 02/092501

PCT/ EPO2/ 0A%0 82/882801 na, silica-alum na and zeolites. 25. THGA/EROD0453%
according to claim24, wherein the car- rier is an activated carbon with a
| ow ash content and a surface area higher than 100 n2/g. 5 26. The process
according to claim?25, wherein the ac- tivated carbon has a surface area

hi gher than 300 10 nR/g. 27. The process according to claim26, wherein

the ac tivated carbgp fﬁaa-§ %Jﬁﬁﬁ%ahbggegegbggegoo nm2/g. 28. The

process according to c ereln t hal o genated promoter is selected

fron1substance cap QeA 9S LRet-Ben ¢t icaR-sol -
vent. 15 29. T g prg%%s E%%%%? I ng toqgﬁg$%128 wherelnethen hal ogenat ed

pronoter is selecteglgfoggsggsggggggt §aRaPhén ofii BRNST 8blyNg shr edhdenions

such as hydro- bromc ac and 1ts sa ts soluble 1n the reaction
and a surface area higher than 100 m?/g.

5 26. The process according to claim 25, wherein the ac-
tivated carbon has a surface area higher than 300
m?/g.

27. The process according to claim 26, wherein the ac-
tivated carbon has a surface area higher than 600

10 m?/g.

28. The process according to claim 1, wherein the halo-
genated promoter is selected from substances capa-
ble of generating halogen ions in the reaction sol-
vent.

15 29. The process according to claim 28, wherein the
halogenated promoter is selected from substances
capable of generating bromide ions such as hydro-
bromic acid and its salts soluble in the reaction
medium such as alkaline bromides, ammonium bromide

20 or sodium bromate.

30. The process according to claim 29, wherein the com-
pound is hydrobromic acid, sodium bromide or potas-
sium bromide.

31. The process according to claim 1, wherein the con-
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nmedi um such as al kal i ne brom des, anmoni um brom de 20 or sodi um bronat e.
30. The process according to claim?29, wherein the com pound is

hydr obrom ¢ acid, sodium brom de or potas- sium brom de. 31. The process
according WO @/MRWil1l, wherein the con - 21 WD 02/092501 PCT/EPPHBSTIS578
centration of hal ogenated pronoter ranges fromO0.1 to 50 ng per kg of
reaction solvent. 32. The process according to claim31l, wherein the con-
centration of hal ogenated pronoter ranges froml1l to 5 10 ng per kg of
reaction solvent. 33. The process according to claiml1, wherein the acid

pronoter is sel ect edehit oAt SORSEANREScGaRADEE BlomgESET 2hhHiEs HErBMdDQgeEN
ions in the reaction solvent. 34. The process according to claim 33,

wherein the acid 1Qop50nﬁ@e¢e&s< e dedtibamsonoegani ¢ aci ds such as
sul furic, phosphoric, nitric acid or fromorganic acids such as sulfonic

acids. 35. The3procers Be6eess Ngeddrdimy i34l athersdi,n vhkeeddl dhepom®t er is
sul furic acid or phosphoric acid. 15 36. The process according to claim1,

wherein the con- cegbhetheloRfofcidldyaiatie) prangeerf ramgd8 £eoh000tomy per
kg of reaction solvent. 37. The process according to claim 36, wherein the
con- 5 10 mg per kg of reaction solvent.

33. The process according to claim 1, wherein the acid
promoter is selected from substances capable of
generating H' hydrogen ions in the reaction solvent.

34. The process according to claim 33, wherein the acid

10 promoter is selected from inorganic acids such as
sulfuric, phosphoric, nitric acid or from organic
acids such as sulfonic acids.

35. The process according to claim 34, wherein the acid
promoter is sulfuric acid or phosphoric acid.

15 36. The process according to claim 1, wherein the con-
centration of acid promoter ranges from 20 to 1000
mg per kg of reaction solvent.

37. The process according to claim 36, wherein the con-
centration of acid promoter ranges from 50 to 500

20 mg per kg of reaction solvent.

38. The process according to claim 1, wherein the cata-

lyst is used at a concentration ranging from 0.1 to

10% by weight with respect to the reaction solvent.

39. The process according to claim 38, wherein the
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~centration of acid pronoter ranges from50 to 500 20 ng per kg of reaction
sol vent. 38. The process according to claim1l1l, wherein the cata- lyst is
used at a concentration ranging fromO0.1 to 10% by weight with respect to
the reacti YO8Nt . 39. The process according to cl ai m PET/EHZ4SIH t he -
22 WD 02/092501 PCT/ EP02/ 04578 catal yst is used at a concentration rangi ng
from 0.3 to 3% by weight with respect to the reaction solvent. 40. The
process according to claiml1l, wherein the reac- 5 tion is carried out at a
tenperature ranging from- 5 to 90C. 41. The process according to claim40,

wherein the tem peggidigstangesuddPMmui =0 é@ﬁéeﬁ@%a&mﬁ1pf@ﬁ?fﬁgaﬁﬁghding
to claiml1, wherein the reac- 10 tion is carried out at a total pressure

hi gher than atnpsphesi Gcopr%sweweﬂghﬂhﬁtw qr@sgs%&ccw diRg eaetaiom 42,
wherein the to- tal pressure ranges from30 to 300 bars. 44. The process
according to claim goivhgeein the nolar 15 ratio hydrogen/oxygen in the
feeding ranges from 1/1 to 1/100. 45. The process according to cl aim 44,

wherein the no4ol.ar That peoB¥gs oL LMgetd relidien fisedingGiangds reac-
5 tion is carried out at a temperature ranging from -
5 to 90°C.
41. The process according to claim 40, wherein the tem-
perature ranges from 2 to 50°C.
42. The process according to claim 1, wherein the reac-

10 tion is carried out at a total pressure higher than
atmospheric pressure.

43. The process according to claim 42, wherein the to-
tal pressure ranges from 30 to 300 bars.
44, The process according to claim 1, wherein the molar

15 ratio hydrogen/oxygen in the feeding ranges from
1/1 to 1/100,

45, The process according to claim 44, wherein the mo-
lar ratio hydrogen/oxygen in the feeding ranges
from 1/2 to 1/15.

20 46. The process according to claim 1, wherein the reac-
tion is carried out in the presence of an inert gas
selected from nitrogen, helium, argon.

47. The process according to claim 46, wherein the in-

ert gas is nitrogen.
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from1/2 to 1/15. 20 46. The process according to claim1, wherein the
reac- tion is carried out in the presence of an inert gas selected from
nitrogen, helium argon. 47. The process according to claim46, wherein the
in- ert gawoe/9somogen. - 23 WD 02/092501 PCT/ EP02/ 0457 RCAFPOHOUS8r ocess
according to claim1, wherein the con- centration of hydrogen in the
gaseous phase in con- tact with the reaction solvent is maintained at a
value |l ower than 4.5% nolar. 5 49. The process according to claim1,
wherein the reac- tion is carried out using air as oxygen source. 50. The

process accordipfg tengl glBkdss MEESEMAderd €afaihi PP Whef@ih i €HeObbn-
batchwi se or in continuous. 51. The process according to claim1l, wherein

the solu- 10 tion ofchyFEOO08D PendrdRdns ivsethedigagebl pRadld ifxcdation
process of a substrate selected fromole- fins, aromatic hydrocarbons,

ggﬁvni a and carbonytac£ORReHNERe Y¥aREibht a1vEnt liLatdittAnantatyat. 15
value lower than 4.5% molar.
5 49, The process according to claim 1, wherein the reac-
tion is carried out using air as oxygen source.
50. The process according to claim 1, wherein the reac-
tion is carried out batchwise or in continuous.
51. The process according to claim 1, wherein the solu-
10 tion of hydrogen peroxide is used directly in an
oxidation process of a substrate selected from ole-

fins, aromatic hydrocarbons, ammonia and carbonyl

compounds, using titanium silicalite as catalyst.

15

20
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