WO 02/ 092501 PCT/ EPO2/ 04578 DI RECT SYNTHESI S OF HYDROGEN PEROXIDE I N A
MULTI COVPO- NENT SOLVENT SYSTEM The present invention relates to a process
for the WO opoexocti on of hydrogen peroxi de (H202) from hydraEpenosns
oxygen whi ch uses as reaction solvent, a m xture con- sisting of one or
nore al cohols, at |east one C(err)-C(err) hy- drocarbon and optionally

wat er. 15 Hydrogen peroxide is a commercially inportant prod- uct which is
wi dely used as a bleach in the textile and paper industry, as biocide in
the environmental field and in the chem cal industry in oxidation
processes. Exanpl es of these oxidation 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 hydroxylam ne (U.S. 5, 320,819) and the

hydr oxyl a- tion of aromatic hydrocarbons (U S. 4,369, 783). WO 02/092501
PCT/ EPO2/ 04578 The industrial production of aqueous solutions of H202 by
means of a conplex two-step process, is known. In this process a solution
of an ant hraqui none, such as butyl ant hraqui none or ethyl ant hraqui none, in

an 5 or gani & IBARUMITESC D! £ W LAMAES oot TRYS Qe Atqgband ¢ hen

oxidized wt 0

5 NENT SOLVENT SYSTEM
The present invention relates to a process for the

production of hydrogen peroxide (Hz0z) from hydrogen and

0
1 oxygen which uses as reaction solvent, a mixture con-
sisting of one or more alcohols, at least one Cs5-Cs2 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 oxidation 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).



subsequently extracted in aqueous phase. This process, however, has
consi der abl e di sadvan- tages deriving fromthe necessity of operating with
10 | arge woloanexsoof reagents, the numerous steps requiredpcriepor/eisasi vel y
hi gh cost of the internediates and pro- duction of inactive by-products.
Processes for the direct synthesis of hydrogen per- oxide fromH2 and 02
have been studied, to overcone these 15 drawbacks. These processes are
generally carried out by reacting the two gases in a solvent consisting of
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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
10 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
15 drawbacks. These processes are generally carried out by
reacting the two gases in a solvent consisting of an
aqueous medium or an aqueous—organic medium, in the
presence of a catalytic system consisting of a noble
metal, particularly metals of the platinum group oOr
20 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-



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

ot her conditions remai ning un- changed, hi gher reaction rates and

sel ecti viwDag/ogsel ob- served with respect to operating i nPan/EROUEBSES
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 H2-02 m xtures, w thout jeopardizing
the process froma technical -economc point of view, 15 ii. in the
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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-economic point of view;

15 ii. in the possibility of using extremely low gquanti-
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 wvalid 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



5 suitably selected, are |ower than those of water. It has now been found
that it is possible to fur- ther inprove these processes, in terns of

sel ecti viwg 02am$of r om an econom ¢ poi nt of view, by usingPCaIEPIBRaS78ti on
solvent, a system conprising one or nore alcohols, 10 at |east a C5-C32
hydr ocarbon and optionally water. The H202 sol uti ons obtai ned can be used
directly in oxidation processes which use titaniumsilicalite as

catal yst, as the conponents of the solvent mxture are conpatible with
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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 said processes.

15 In accordance with this, aﬁ 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—Cszp hydrocarbons; and

(3) optionally water.



Anong Cl1-C4 al cohols, nethanol, ethanol, terbutanol 5 (TBA) or their

m xtures, are preferred. Methanol is par- ticularly preferred. The quantity
of al cohowomr/omsat ure of al cohols ranges from 10 to 99. O¥CHEPAMRILGME W t h
respect to the solvent mxture, preferably from20 to 80% by wei ght 10
with respect to the reaction solvent. The C(err)-C(err) hydrocarbons are
generally selected from paraffins, cyclo-paraffins or aromati c conpounds.
The paraffinic hydrocarbons are preferably selected fromthose having from

o 10,18,  carbon atoms.and genabeo 9.l AN brapched &5 gk said

paraffinic hydroc are n- hexane, n ane, n-octane, n-decane or

their b h [ Ex I f | - i nj . -
® el ohexane. tecRPPREbr RATTC LA | FAF VB BURST (AT THeeh ona bt onor &

20 cl ohexane
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selected fromthose having from6 to 24 carbgn atons. .
5 (TBA) or theigzmixtures, are pregerreg. 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—Cs» hydrocarbons are generally selected from
paraffins, cyclo-paraffins or aromatic compounds.

The paraffinic hydrocarbons are preferably selected
from those 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 cCy-

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



Exanpl es of aromatic hydrocarbons are benzene, naphthal ene, al kyl benzenes
and al kyl napht hal enes with 5 one or nore linear or branched al kyl chai ns,
havi ng f remoo923018, preferably from6 to 12, carbon at onPCTEPanpises of

al kyl benzenes are toluene, xylenes (ortho, neta and para), ethylbenzene

and cunene. The quantity of hydrocarbons which is used in the 10 reaction
isinrelation to the type of alcohol (s) used, and generally ranges from
0.01 to 40% by weight, pref- erably fromO0.1 to 20% by wei ght, with respect

to the total reaction m xture., The guanti f. wat when_ pres ranges
fromo 15 t&RSoRIRF SR glﬁiV%%ilr?nr @%e&r%%gﬁﬁéw e%\%e{‘%%%ecgo?s%lﬁtgﬂése
preferably from2 to 30% by weight with respect to the reaction solvent.
The cat al yst Daffiely dERhé dsed ¥ GRORE E&Oﬂg‘ses of the invention is a

het er ogeneous catal yst contai ning one . 20 or nore netals of the platinum
group as active cEHFFERIER s ORIt (IMederrRIRIRS ar%r%alﬁ’%]agﬁ]ﬁ?’
plati num ruthenium rhodium iridiumand gold. Preferred netals . are
pal | adi um anaaphdtiadiene Thé lxalbsaizeresSs Ab PWY&P@QEEPa%ﬁR?ﬁes@l%t a- -

6 WO 02/092501 PCT/ EP02/04578 lysts in a quantity rangi ng fromQ.1 to 5%
by wei ght5angne or more linear or branched alkyl chains, having from

1 to 18, preferably from 6 to 12, carbon atoms. Examples
of alkylbenzenes are toluene, XxXylenes {(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 weilght, 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 platinumin a quantity ranging fromO0.01 to 1% by weight, with an
atomc ratio between platinumand palla- diumranging fromO0.1/99.9 to
50/ 50. 5 wbe2pedshbadi umis preferably present in a quantit YCTERIY43g8 fr om
0.2 to 3% by weight and the platinumin a quantity ranging fromO0.02 to
0.5% by weight, with an atomc ratio between platinumand pal | adi um
ranging from 1/99 to 30/70. 10 In addition to palladiumand platinum
other nmetals of group VIIlI or 1B, such as, for exanple, ruthenium

rhodium iridiumand gold, can be present_as actjve com, po 0
promoters, ifYsSordert réta qbyerfé—&rﬂﬁrﬂg o™ ﬁfg%e?otﬁénbfh"ggféﬁtt%%d
pal l adium 15 The catal yst .can be prepared by.di spersin e,ac-. 4 i
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i npregnation starting from precursors con- sjsting,. for exanple _
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metal 20 state by nmeans of thermal and/or chem cal treatment with reducing
subst ances s@dmrmag angdmsheiroms dHilAF-oF icat®/ °&odi um citrate by neans of

preparative techniques well known in the state of the art. Accor |g€§ to an
embodi nend of t he Theeseat ladien- 1s Profgrr oo B85S pET/ £B0H 04578+

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 In 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-



tion, the catalyst can be prepared by dispersing in se- quence and
alternating the precursors of the single netal components of the catalyst
on a carrwern/ogesotde- scribed and clainmed in the patent appCraenr/on’s T
ML2000- 5 A001219. The inert carrier may typically consist of acti- vated
carbon, silica, alumna, silica-alumna, zeolites, and other materials
wel | known in the state of the art. Activated carbon is preferred for the
preparation of the 10 catalysts useful for the invention. Activated

car bons whi ch .can b used f he_inyen- tion re seke h of
fossil or natdPRr dr %l%at%§¥§ fight 8F BXaRoE (ﬁ%él%%é¥%£%ﬁ¥%ﬁ gggat or
coconut and having a surf&&e ar a hlg er than 100 nP/ pr ergéég

nQ/g is
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patent application EP 978316 can be used for the 8
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subj ected to treatnent such as washing with dlstllled wat er or
with - 85 A001219. 9 or treatnent

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 n?/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 met-
als, the activated carbon can be subjected to treatment

such as washing with distilled water or treatment with



WO 02/ 092501 PCT/ EPO2/ 04578 aci ds, bases or diluted oxidizing agents, for
exanpl e acetic acid, hydrochloric acid, sodium carbonate and hy- drogen

per oxi de.wOhe/gabal yst is nornmally di spersed in the react POCA/EPB2/0iSd8 um at a
concentration ranging fromO0.1 to 10% by weight, preferably fromO0.3 to 3%
by weight with respect to the reaction solvent. The acid pronoter may be
any substance capable of generating H+ hydrogen ions in the reaction
solvent and 10 is generally selected frominorganic acids such as su

furic, phosphorise, niiL) p%gl’sg%ﬂu{é&mo%g%r&iﬁ AChgent SUCEAAS EkditonéC

aci ds. Sul fufd oric acid are erred. The concentrati on

of the acid gener.- all.y ranges from.20 t 009, h,.pe, MrLeactigp_sol 15
vent and pre%&eg&lcy S %@gfroo%kb](?rgnléc paecﬁ(%g %f reac(%?%k%o géo vent. The

hal ogenat ed pronot er can.bﬁ any substance capa- ble of generating halide
ions in the FPERIEPORLA . Substances capabl e of generating brom de

ions are pre 20 ferred. These substances. are.generally. se t hy-
drobronic acid and%& Lad %géo?%bP%rWﬁi%ﬁe%ﬁgggﬁﬁﬁgrﬁ£ %ﬁ%n?g?%éggéaﬁple
sodi um brom de,_potassi um brom de, so- dium hronmate or qpngguqdy j.de.
Hydr obr onPc £E¥H$mbo§tthnFBFSﬁ?gﬁaghanp6Fﬁ§Ef551 F8Wiég

ar e preferred.
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 wvent 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 generally 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.



- 9 WD 02/092501 PCT/ EPO2/ 04578 The concentration of the hal ogenated
pronoter gen erally ranges fromO0.1 to 50 ng per kg of reaction sol- vent
and pref ewalgpofSoom 1 to 10 ng per kg of reaction sol venPCTEPINe:STS
production of hydrogen peroxide is carried out by reacting oxygen and
hydrogen in the reaction solvent in the presence of the catal yst and
pronoters and in the presence or absence of an inert gas selected from
nitro- gen, helium argon. Nitrogen is the preferred gas. 10 The nol ar

ratio H2/02 in the feeding ranges fro 1 .tg 1/100, pre I m 1/ 2
to 1/15 and the cro'“ﬁ@erﬂorné?enﬁ ot h?/ﬁ]r%%nhlaﬂfotgﬁga aege&)ugs&%cﬁges% énl?cont act
with the liquid_reaction nediun1if conyeni ent | intained at _a_val ue

| oner than 4SSBMAe] &N oF el t hel ekl ¥5§| PPt P15 99 rﬁfsr%?’cgjf%n Nt Xt ur e
consisting of H2, 02 and, option- ally, an inpert gas. Accordin

to.
enbodi nent ofveife FrboREterabhE THPEsdnttq nventPoReTt HY r& cfg%ﬁgﬁga be

carried out using air instead of pure oxygen. 20 The reaction is typically
carried out a&olvemyera- tures ranging from-5 to 90C, preferably from2 to

50C and at a total pressure higher than atnospheric pressure,,gﬁefeEably
rangi ng fpom 30 t gheomsgiuction of hydrogen peroxide 1is carri ou

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 Hp/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 1limits of the mixture consisting of H,, O, 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 -



The process according to the present invention can 10 WD 02/092501

PCT/ EPO2/ 04578 be carried out batchw se or, preferably, in continuous

usi ng a rwameoe2ssui tabl e for the purpose and sel ected fr@cTEPOYeISERSCTri bed
in the state of the art. Operating under the above conditions, it is possi-
5 ble to produce hydrogen peroxide under safety conditions wth a reaction
productivity normally ranging from30 to 200 g of H(err)Q(err) (expressed
as Herr)Qlerr) at 100% per litre of reaction medium per hour and with a

mol ar sel ect 'b\éi Ly, rl]:tioev@ré;l&tt he %%E%)q{kdog%%gérﬁgﬁgr Min '&SF{hi8:d 0 the

hydrogen 10 useda_p, rangrng from 60 : es f_utlons of hydrogen
Com prise t RS de br  PREEPT OCRET TR ocE . ol Bne Rl rgraman
brocoss of |t RSB SBBRE FRTERLEER T ot PABLE Por tHRe Sproducti on of aqueous
components from t RBSPEECEPORTHER UTS B BxanBra by CHPe- 11 | T5rvane S whi ch
il ove 1he Paige SIGHE Tt TS B Sh (AT COnver ISt ong.
and SeleCtivkh%%Sé(¥2gg€ydEJgﬁg%%é¥¥é¥g§ngzgﬁél(§Hranging from 30 to
200 g of Hz0. (expressed as Hx0, at 100%) per litre of
reaction medium per hour and with a molar selectivity
towards the formation of Hy0., referring to the hydrogen
10 wused 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 H,0, 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.
290 The process of the present invention allows the
reagents to be transformed into H20; with high conver-—
sions and selectivities, obtaining H,0, solutions without

acidity or containing only traces of acidity and/or

salts.
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acidity or containing only traces of acidity and/or salts. - 11 WD

02/ 092501 PCT/ EP02/ 04578 The foll owi ng exanpl es, which have the sole

pur pose oWOdeseashbi ng the present invention in greater detaTlEPo2/e45e8il d in
no way be considered as |imting its scope. EXAVWPLE 1 5 Treatnent of the
carrier 50 g of activated carbon in maritime pine charcoal in powder form
(CECA) and 500 m of distilled water are charged into a 1 liter glass
flask. After 2 hours at 80C, the activated carbon is filtered and washed

ith 10 500 m t I [
?Len charged in? the OﬁﬂeﬁPfﬁ&g%)aﬁﬁa IL%%{a dﬁ%rpﬁgosﬁ}é Fugﬁgg? >
lution at 2% (%E %]%ZEIE%H e t I"lili‘eeSt rEoe{I% lbﬁ l?lr aéllgédlcgtélp éggalf‘f ter

about 2 hour$ cool ed and e activ carbon s washed

on a filter istilled H O unti | hl or.i.de e m - nat ed.
The washed aéﬁqgkgdlbéFb3Wy %é%%5%¥%d:éﬁ§5 ey li?ﬁﬂ9§¢£%%g 120C for
2 hours. EXAMPLE 2 20 Preparation of the catalyst 1%°d-0.1%t/C 10 g of
acti vated car H ed as described in

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 liter 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 HCl, the temperature is
brought to 80°C. After about 2 hours, the mixture 1is

15 cooled and the activated carbon is washed on a filter
with distilled H,0 until the chlorides have been elimi-
nated. The washed activated carbon 1is recovered and
dried in an oven at 120°C for 2 hours.

EXAMPLE 2

20 Preparation of the catalyst 18Pd-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,COs;. The suspension is maintained at room temperature

- 12 -



exanple 1, are charged into a 0.5 liter glass flask, containing 100 m of
distilled water and 0.32 g of Na(err)CQ(err). The suspension is naintained
at room twopefpgtsare - 12 WO 02/092501 PCT/ EP02/ 04578 ( 2QT2P®)/94s00der
stirring, for 10 minutes. 10 m of an aqueous solution containing 1.0 g of
a solution of Na(err)Pdd (err) at 10%' by weight of Pd and 0.1 g of a
solution of H(err)Ptd (err) at 10% by wei ght, are subsequently 5 added
dropwi se over a period of about 10 m nutes. The suspension is kept at room

e contn 5" Sl o S S AT Mt e then”
o' comompeaturl e CulBof B o G E HREL B koot
gngt ﬂ(rals?g IOP Sﬁﬁ%d‘??é?;l at e?&%%}cgolr“ ith(r:}gr%_s. il?%p@?%congagé?i \gl_e;a%

Symesls of Ivdtpgen perorl e A STl BlantsLe Uged SOTELAE o o

thernostat-regul ati on system a magnetjc. drag . .stirr] 20 system a
regul ati oR arffFhtH P ETDF & RS A Pout 18% frutds.

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 1is 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 recgvered 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

- 13 -



during the reaction, a filter for continuously renoving the |iquid phase
containing the reaction products, a feeding systemof the m xture of

sol vent awooptogesot ers in which the reaction takes pl ace, PETIEPOZIV43E8 Syst em
of - 13 WO 02/092501 PCT/ EP02/ 04578 the gaseous reagents and a series of
regul ation and con- trol instrunents. 0.6 g of catal yst prepared as
described in exanple 1 and 100 g of nethanol :water solution (97/3 by
weight) 5 containing 6 ppmof HBr and 200 ppm of H2SO4 are charged into

the reactor. ,The autoclave is pressurized, W i hqut [,ECI _bars
with a gaseou %%%?%u%oﬂ%?%?ﬁ%% %?dS?Gg/?E%egl—é? f%%%%ltggna%é‘%%g%% of N2
by volune. The s irring is 10 then started up to 800 revs/mnute, the

pressure is e htHH %52 continuous stream 700 normal liters

(N1/ hour), of the sapme gaseou i xture, with the conte oranequs feedin
of 300 g/ hour of & n%t%aﬂgl Fﬂ%ﬁg:ysélo-pq‘?ﬁaiw haa?/iﬁﬁs?ﬁ@%‘gnﬁgsieﬁaggl ef i ngd

above and contain_15 ing 6 ppm of HBr and 200 m of .. The te rature
i nsi de the rehced# ?ongppétm%a%‘wév}aecﬁi%‘?f‘fﬁje% il(_%*?%oplyowg&g 3

conti nuously analyzing the hydrogen and oxy- %(epgﬂin t he, feeding.and at the

outl et of 5t hecPRBRIBILI ThePEBneENHPEt PR O HEED Vihi 9% PSPmEdarYetet er -

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
iO 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 HzS50,. 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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20 mned in the reactor liquid effluent by titration with potassium

per manganate. The selectivity with respect to the converted hydrogen is
cal cul at eaOmn/0935e1 basi s of the concentration of H202 i n Phe/RPEHELSTON
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. The results obtained are indicated in Table 1. EXAMPLE 4
Exanpl e 3 was repeated, feeding to the reactor a 5 quuid m'xture

consi sting of 96% of .nethanol, ;1% 0 cl_.ohexane . %, f

(et hanol / watt®® HRGROPPEY & 2te3 a%e@orﬁeﬁc rrcl51 %&% o?ealgl\g?) and 200 ppm
of H2SO4. The results are mdb at.ed jn Tabl aﬁc 't:[' l10 Exanpl e 3 was
repeat ed, feeding§ tREUEScCOFFReT Gdicd f?ﬂt cOnsi r(?g 6f 94% of

met hanol , 3% of cy- cl ohexane and 3% of water (net hanol/wat er weight ratio
= 31.3) andZdMHFniYng 6 ppm of HBr and 200 ppm of H(err)SO( err). The
results are indicated in Table 1. 15 EXAMPLE 6 Exanp was r eat ed,

feeding to the rederarle 3iyasd ¥EBRAFcohSPILPHg J%:f g?‘% dt CH%m%l 5%

of cy- clohexane and 3% of water (nethanol/water WEI% ratio =
5 liquid mixture consisting of 96% of methanol, 19 of cy-

clohexane and 3% of water (methanol/water weight ratio =
32) and containing 6 ppm of HBr and 200 ppm of H;SO4. 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/water weight ratio =
31.3) and containing 6 ppm of HBr and 200 ppm of H2SOs.
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»SO;.
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 =

- 15 -



30.7) and containing 6 ppmof HBr and 200 ppmof H(err)SQ(err). 20 The
results are indicated in Table 1. EXAMPLE 7 Exanple 3 was repeated, feeding
to the reaotoen9zo1 | i quid m xture consisting of 94% of net irem@PO2/@ZHf n-
hexane and 3% of water (nethanol/water weight ratio = - 15 WD 02/092501
PCT/ EPO2/ 04578 31.3) and containing 6 ppmof HBr and 200 ppm of H2SO4.

The results are indicated in Table 1. 5 TABLE 1 Ex. Reaction

Par af fi n/ Cycl o- H202 H202 Sel ectivity 10 Nr. hours 0 paraffin %o w %o

molar % 3 65 0 5.96 76 4 65 1%c Iohe% ﬁ65 B%éqaé/ exane
5.5 89 15 63653@%%%%%&%%1%95 8Py 5 ey na’?] xa 8

02/ 092501 PCT/ EPO2/ 04578 . i
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 % cyclohexane 5.71 87
5 65 3% cyclohexane 5.5 89
15
6 65 5% cyclohexane 5.5 89
7 65 % n—-hexane 5.2 85
20
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5 CLAIM5S 1. A process for the production of hydrogen peroxide from

hydr ogen and oxygen in a reaction solvent con- taining a hal ogenated
pronot er wWodRo925an acid pro- noter, in the presence of a Rergroyersevus
catal yst 10 based on one or nore netals of the platinumgroup, wherein the
reaction sol vent consists of: (1) an al cohol or m xture of alcohols; (2)
one or nore C(err)-C(err) hydrocarbons; and (3) optionally water. 15 2.
The process according to claim1, wherein the alco- hol is selected from
those having from1 to 6 car- bon atons. 3. The process according to claim
2, wherein the alco- hol is selected fromthose having from1l to 4 car- 20
bon atons. 4. The process according to claim3, wherein the alco- hol is
sel ected from net hanol, ethanol, terbutanol (TBA) or their m xtures. 5.
The process according to claim4, wherein the alto- - 17 WD 02/092501

PCT/ EPO2/ 04578 hol is nmethanol. 6. The process according to claim1,
wherein the quan- tity of alcohol or m xture of alcohols ranges from

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—Cz2 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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10 to 99.9% by weight. with respect to the reaction 5 solvent. 7. The
process according to claim®6, wherein the quan- tity of al cohol or mxture
of al cohowe pamges from 20 to 80% by wei ght with respect PCo/RPhRO4588Ct | ON
solvent. 10 8. The process according to claim1, wherein the C5-C32

hydr ocarbons are selected from paraffins, cyclo- paraffins and aromatic
conpounds. 9. The process according to claim8, wherein the par- affins are
selected fromthose having from5 to 18 15 carbon atons and can be |inear
or branched. 10. The p_rocesiC according to claim9, wherein the par- affins
are sel ected fromiRhe&ame %r‘]mﬁ’ ane, n- octane, n-decane or their
branched isoners. 11. The process accordi ng io_cl im38, wherejin the cy- 20
cl o- par af f i n® ar e 8 AWEFT AR IHEXENSLHER Lal TREYGH Nt Pg'l%far quan=
derivatives substituted with one_or nore alkyl_grou l1to6

) s having fro
carbon atoms. 12. THey ppbcessohetoPdi Ay 3tatq Himake k?/ﬁh]e?e?fﬁggﬁé ?681“
stituted cyclo-paraffins are selected fromnethyl- 18 WD 02/092501
PCT/ EP02/ 04578  cyid otrexaPed® ebly Wed gbitoExaner SFREE: nE® hyhe &FecsHelxane.

5 solvent.

7. 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.

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

9. The process according to claim 8, wherein the par-
affins are selected from those having from 5 to 18

15 carbon atoms and can be linear or branched.

10. 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.

11. The process according to claim 8, wherein the cy-

20 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.

12. The process according to claim 11, wherein the sub-

stituted cyclo-paraffins are selected from methyl-
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13. The process according to claim8, wherein the aro- matic hydrocarbons
are selected fromthose having 5 from6 to 24 carbon atons. 14. The
process awomradasgrto claim 13, wherein the aro- matic hydPoTEPODMST@r €
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 atons. 15. The process according to claim 14, wherein the |lin- ear
or branched al kyl chain has from®6 to 12 carbon atons. 16. The process

according to claim.13 -wherein the _al-_1 nzenes se from
t ol uene, xyl enes (%%éa?qﬁfarﬁﬁta aﬁaﬁﬁﬁrg??§ékgyﬁ %nzeﬁ%kgnd ?gﬁ%§§¥117_ The
process according to claiml1l, wherein the quan- tity of hydrocarbons ranges

fromO0.01 to 40% By CHEIGHEMth respect to the reaction sol vent. 20 18.

The process according to claim17, wherein the. ntity of hydrocarbons
ranggs fron1d¥ﬁ'tdﬂﬁgwgﬁ®ce%%i@ﬂ?oﬁﬂfﬁgrEQpégﬁng%ghéMQ%ﬁ%%?oﬁggoﬁggﬁt. 19.

The process according to claiml1, wherein th tal _ conmponents_of .the
catal yst are sm(ﬁ%%%ﬂqrBMﬂE%FPEbO@S1§rQMf%§?gg9§0fr9@W¥?ﬁﬁﬁ05@7§ngdium

pl ati num ruthenium rhodiu i ridiumand
5 from 6 to Z4 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 kylbenzenes 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
gquantity 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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gold. 20. The process according to claim 19, wherein the netal conponents
of the catalyst are palladiumand 5 platinum 21. The process according to
cl ai m 20, watwenegdsnl t he catal yst contains a quantity of palPCadgipam4sasngi ng
fromO.01 to 5% by weight and a quantity of plati- numranging fromO0.01 to
1% by weight, with an 10 atom c ratio platinum palladiumranging from
0.1/99.9 to 50/50. 22. The process according to claim2l, wherein the

catal yst contains a quantity of palladiumranging fromO0.2 to 3% by wei ght
and a quantity of_ platinum 15 ranging fram0.05 tqo.0.5% by .wei ght, with an
atonic ratio pl &iHn pHAEE M r §H%ibﬁ&l%m Fhegivg- 36%?%? 3. “iffe
process according to claim1l, wherein the cata- lyst is prepared by

di spersing the adiddfe conpo- 20 nents on an inert carrier by neans of
precipitation and/or inpregnation. 24. The process according to claim 23,
wher ei n t he 2%ar - Tieer ArocesFeceedorfbRTack? vatitarfon, WAGERI&t edecar bon

functionalized with sulfonic groups, silica, - 20 WD 02/092501
PCT/ EP02/ 04578 metal components of the catalyst are palladium 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 gquantity 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,

_.20_.



alum na, silica-alumna and zeolites. 25. The process according to claim
24, wherein the car- rier is an activated carbon with a | ow ash content

and a surwaae/ogesen hi gher than 100 nR2/g. 5 26. The proces®Cam@por/aisng t o
claim 25, wherein the ac- tivated carbon has a surface area higher than 300
nk2/g. 27. The process according to claim26, wherein the ac- tivated carbon
has a surface area higher than 600 10 nR/g. 28. The process according to
claim1, wherein the halo- genated pronoter is selected from substances
capa- ble of generating hal ogen ions i,n the reacti.n sol- vent. 15 29. The
process accordi ng & m ,lc\ﬁﬁ«?;]é%‘%ntah@n%aﬁ%) dted pronoter is

sel ected from subst ances eggfable of, ge erat%ng%b£gni e ions ﬁHCh as_hydro-
brom ¢ acid #wt i 'RSRILCEH AALTHThe T eact+Bn? “ el Gh stich™Ss “4fkal i ne

brom des, anmmoni um brom de 20 or sodium bromate. 30. The 8% cess ac%ordi ng

to claim29, wher&if# heS cofin 2pbUKALES APAPEBr ST i tPY sBaluffiPBr6Ritde or

potas- sium brom de. 31. The process according to cl aizT 1, wherein the con-
21 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?/qg.

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 dgenerating 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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WO 02/ 092501 PCT/ EP02/ 04578 centration of hal ogenated pronoter ranges from
0.1 to 50 ng per kg of reaction solvent. 32. The process according to

cl ai m 31, watwenegdsnl t he con- centration of hal ogenat ed pronpCeEPamfes from 1
to 5 10 ng per kg of reaction solvent. 33. The process according to claim
1, wherein the acid pronoter is selected from substances capabl e of
generating H+ hydrogen ions in the reaction solvent. 34. The process
according to claim 33, wherein the acid 10 pronoter is selected from

i norgani c acids su | fuEi r | trd ' r mqrsgani c
aci ds such as sulfégﬁﬁf%E?%%.85553+%g%%$g%§% Eé%éﬁ%ﬁ%é?ﬁ%ﬁglgﬁéﬁS£?1
wherein the acid '$%O ter iIs aﬁingéic acid or osphoric acid. 15 36. The

process accordi ng almHs*t relhr??%F%%%-scé% f%tion of acid pronoter

ranges from to 1000 er_kg of.reaction_solvent. . 37. .The. process
according to aiﬁﬂ%%,pﬁﬂg?g?na %%r@b%g ﬁ%n??ﬁ%@oﬁEOfwg F&lﬁrgﬁ§1éFn}anges
from50 to 500 20 q& er.%g o% reaction sglvent. 38. The Er cess ,accordi ng
to claim1, whereiFtHertheR-oF e lPgenabgdaPra™RbRtehtPIEPon TPENdi HY f r om
0.1 to 10% by mehfht with respect to the reaction solvent. 39. The process
accordi ng>to cl ai nt 389 iR ek ¢hereaction solvent.

33. The process according to claim 1, wherein the acid
promoter 1is 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 1is 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 c¢laim 38, wherein the
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- 22 WD 02/092501 PCT/ EP02/ 04578 catalyst is used at a concentration
ranging from 0.3 to 3% by weight with respect to the reaction solvent.
40. The pwoaoess2saccording to claim 1, wherein the reac- 5PCT@mEPO2/845cq8rried
out at a tenperature ranging from- 5 to 90C. 41. The process according to
claim40, wherein the tem perature ranges from2 to 50C. 42. The process
according to claiml1l, wherein the reac- 10 tion is carried out at a total
pressure hi gher than atnDspheric pressure. 43. The process according to
claim42, wherein the I essu ran 0 . The
process accordlng ?o c#g % ahefilﬁ%tﬁg %% Ce%% %gg g%gﬁggéenfeéygen
in the feeding raq? % froq ﬁ% 5. The ﬁ%o%ess ccor%hh
claim44, wherein th ¥aWF&g dﬂ&ﬂé /5??88 edi & ranges
from1l/2 to 1/15. 20 46. The process according to claiml, mhereln t he
reac- tion is carrf&d’ %%Y in the presence of an inert gas selected from
nitrogen, helj Jym argon 47. The process, ace rdln% to claim4 mherejn t he
pro r reac

in- cess acc ing to claim wherein the
5 tion 1s 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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ert gas is nitrogen. - 23 WD 02/092501 PCT/ EP02/ 04578 48. The process
according to claim1l, wherein the con centration of hydrogen in the gaseous
phase i n worr/o9zmet with the reaction solvent is maintai nedCatEPa2/04538 ue

| ower than 4.5% nolar. 5 49. The process according to claiml1, wherein the
reac- tion is carried out using air as oxygen source. 50. The process
according to claiml1l, wherein the reac- tion is carried out batchwise or in
continuous. 51. The process according to claiml, wherein the solu- 10 tion

o 1y 09°0 PRI O, | S Aaed LLESLYLN 21 oshdal) i phoseomat e
carbonyl compounds, using titAN UM SLLL CAl T ER. 35258085V Bhasd® in?Qon-24
tact with the reaction solvent is maintained at a
value lower than 4.5% molar.
5 49. The process according to claim 1, wherein the reac-
tion is carried out using alr 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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