23 JANUARY 2006 5 CATALYST AND I TS USE IN THE SYNTHESI S OF HYDROGEN PEROXI DE
The present invention relates to a new catal yst, a prBced¥ARY2004e direct
synt hesi s of hydrogen peroxide 10 (H202) from hydrogen and oxygen which
uses said catal yst and the use of the hydrogen peroxide solution in

oxi dation processes catalyzed by titaniumsilicalite. Hydrogen peroxide is
a commercially inportant conpound which is widely applied as a bleach in
the textile and pa- 15 per industry, as a biocide in the environnmental
sector and in the chem cal industry in oxidation processes. Exanpl es of

t hese oxi dation processes are those using titaniumsilicalite as catal ysts,
such as the epoxidation of olefins (EP 100,119), the anmmoxi mation of
carbonyl com 20 pounds (U.S. 4,794,198), the oxidation of ammonia to hy-
droxylam ne (U. S. 5,320,819) and the hydroxylation of aro- matic

hydr ocarbons (U. S. 4,369, 783). The industrial production of aqueous
solutions of H202 by neans of a conplex two-step process, is known. 25 In
this process, a solution of anthraqui none, such as 23 JANUARY 2006

but yl ant hr aqui none or ethyl ant hraqui none, in an organic me- diuminm scible

with watet, i %AfTQLeq s Thysirogenated: angd fﬁ%n@ﬁﬁﬁgdow KRGGERC sRROAER

H202 which is uently ex- tracted I n aqueous

The present invention relates to a new catalyst, a
process for the direct synthesis of hydrogen peroxide
10 (H,0;) from hydrogen and oxygen which uses said catalyst
and the use of the hydrogen peroxide solution in oxidation
processes catalyzed by titanium-silicalite.
Hydrogen peroxide is a commercially important compound
which is widely applied as a bleach in the textile and pa-
15 per industry, as a biocide in the environmental sector and
in the chemical industry in oxidation processes.
Examples of these oxidation processes are those using
titanium silicalite as catalysts, such as the epoxidation
of olefins (EP 100,119), the ammoximation of carbonyl com-
20 pounds (U.S. 4,794,198), the oxidation of ammonia to hy-
droxylamine (U.S. 5,320,819) and the hydroxylation of aro-
matic hydrocarbons (U.S. 4,369,783).
The industrial production of aqueous solutions of H,0;
by means of a complex two-step process, 1is known.

25 In this process, a solution of anthraquinone, such as



5 This process, however, has substantial disadvantages deriving fromthe
necessity of operating with large volunes of reagents, the nunmerous steps
required, the relatively high cost of the i nt er nedi at @3 JANHARK@0Gsor mat i on
of by- products. 10 In order to overcone these drawbacks, processes have
been studied for the direct synthesis of hydrogen peroxide fromH2 and 02.
These processes are generally carried out by reacting the two gases in a
sol vent consisting of an aqueous nedium or an aqueous-organic nmedium in
the pres- .1 nce, of a suitable catalytic syst.em Anon rocesses of this
Lyper | hodd il EhCORBRATEoPE oEneEhuhbRs P Ehinst - At eBhes Ea b " or
exanpl e in _netha- nol ., i n.met hanol -wat er _described, for ex le, in U S
pat ent 4,é@%?%Q??m?ﬁcbgﬁﬁnyﬂgaﬂWQEﬁﬁTnﬁﬁwféﬁfg6hégfqﬁ? ‘%ﬁggﬁgaﬁh%%tent
application EP 787681 and nore particularly in European patent application
EP 978316 Sanid} #ed t Wi FAnalpatenPragmce dCPany 2660 SABEIEER MY 2000
A001219 and M 2000 A001881, appear attractive froman technical and eco-
noni ¢ poi Mrasftedel 28ugPHh PReSSame conditions in fact, higher reaction 2
23 JANUARY 2006 rates and selectivities have been observed with respect to
when oper at i ng Thii aanPageesss neeWemer Thdals ghubstantonlpatfsadmmeesgeéead in

turn to:
deriving from the necessity of operating with large volumes

of reagents, the numerous steps required, the relatively
high cost of the intermediates and the formation of by-
products.

10 In order to overcome these drawbacks, processes have
been studied for the direct synthesis of hydrogen peroxide
from H; and 0O;. 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 pres-

15 ence of a suitable catalytic system.

Among processes of this type, those which operate in
an alcohol or alcohol-aqueous medium, for example in metha-
nol or in methanol-water described, for example, in U.S.
patent 4,335,092, in patent application WO 98/16463, 1in

20 European patent application EP 787681 and more particularly
in European patent application EP 978316 and in 1Italian
patent applicatiocns MI 2000 A001218, MI 2000 A001219 and MI
2000 A001881, appear attractive from an technical and eco-
nomic point of view.

25 With the same conditions in fact, higher reaction



i) the possibility of carrying out the process under high 5 safety
conditions, well outside the explosivity zone of H2- BIANUARY 086 Wi t hout
jeopardizing it froma technical-economc point of view, ii) the
possibility of using extrenmely |ow quantities of pronoters (halides and
acids) in the reaction nmedium 10 with beneficial effects on the stability
of the cata Iytic systemand formation of hydrogen peroxide solu- tions
whi ch are stable and at an adequate concentra- tion for direct and
econoni cal | yraiesd aise SHlxt daltieonhpyecbesas obpsvash| With t Respect to
concentration of the solutions of hydro- gen peroxide produced is
facilitated wphenoopemadididaliiny anysgfugousinfskiumas t he boiling point and
evaporation heat of the suitably selected al cohol are |ower than those of
wa- ter. 20 TheseTheobégbeseacd igan@eaifloyreamadsed eaad im thenptes- ence of a
catal ytic systemconsisting of a noble netal, particularly nmetals of the
pl ati num groip or thBebpsmiibiltimyesf idardye forantoftisal psooesasusdppont gd
metals. It has now been found that it is possible to further 25 inprove
these pracesses, kafteyncaidsel@cd,) viveylarthtanisdde 2Be ] AMPARS 200G, usbng a
het er ogeneous catal yst consisting of one or nore netals of the platinum
group, one or norgfpohyadef misktarésa wathbekt. jeopardizing it from a
technical-economic point of view;
ii) the possibility of using extremely low quantities of
promoters (halides and acids) in the reaction medium,

10 with beneficial effects on the stability of the cata-

lytic system and formation of hydrogen peroxide solu-
tions which are stable and at an adequate concentra-
tion for direct and économically valid use in oxida-
tion processes.

15 Finally, the concentration of the solutions of hydro-
gen peroxide produced 1is facilitated up to commercially
useful values, as the boiling point and evaporation heat of
the suitably selected alcohol are lower than those of wa-
ter.

20 These processes are generally carried out in the pres-
ence of a catalytic system consisting of a noble metal,
particularly metals of the platinum group or their mix-
tures, in the form of salts or as supported metals.

It has now been found that it is possible to further

25 improve these processes, in terms of selectivity and cost,



The use of polyolefins also allows the mechanical 5 properties of the
catalyst to be inproved and facilitates its filtration BuaNuhRe 26cacti on
m xture. An objective of the present invention therefore re- lates to a
het er ogeneous catal yst consisting of one or nore netals of the platinum
group, one or nore polyolefins and a 10 carrier. Another objective of the
present invention relates to a process for the production of hydrogen
peroxi de starting from hydrogen and oxygen, which uses said catalyst. A

further objgsihye Hfnkberpyesenusi ny£rdl @it r ebakestibly tOf t bacuser ofore
sol utions of hydrogen peroxide obtained as described above in an oxidation

process catgbyzed BY ihlapinitiMuid |d<Ald ! ®nelher Gré AL Visb1ybieRifanahe wsed
for the purposes of the invention1s a heterogeneous catal yst consisting

of: 20 (a) ppe 9L,nore netals of the platinumgroup as active conponents;
(b) one or nore polyolefins; and (c) a carrier. Exanples of netals of the

pl atinum group afgézgéééﬁbﬁéSﬁ%%ﬁ?%éﬁ%ﬁén%ﬁbcf”%ﬁqgk%”‘tﬁ%og#gghgﬂgcaﬁn

iridium Preferre Y “20 s are palladi um an at1 num

these catal ¥ehserthEPald AhUMLE A0LRRIY BL SRRt oV S AYRRLELY; £2RELNO
its filtration from the reaction mixture.

An objective of the present invention therefore re-
lates to a heterogeneous catalyst consisting of one or more
metals of the platinum group, one or more polyolefins and a

10 carrier.

Another objective of the present invention relates to
a process for the production of hydrogen peroxide starting
from hydrogen and oxygen, which uses said catalyst.

A further objective of the present invention relates

15 to the use of solutions of hydrogen peroxide obtained as
described above in an oxidation process catalyzed by tita-
nium silicalite.

The catalyst which can be used for the purposes of the
invention is a heterogeneous catalyst consisting of:

20 (a) one or more metals of the platinum group as active
components;
(b) one or more polyolefins; and
(c) a carrier.
Examples of metals of the platinum group are: palla-

25 dium, platinum, ruthenium, rhodium and iridium. Preferred



plratinumin a quantity ranging fromO0.001 to 1% by weight, 5 with an atom c
rati o between platinum and pal | adi um ranging fromO. Z?WWY)Z@QI 50. The
palladiumis preferably present in a quantity ranging fromO0.05 to 2% by
wei ght and the platinumin a quantity ranging from0.005 to 0.5% by wei ght,
with an 10 atomc ratio between plati numand palladiumranging from 1/99 to
30/70. In addition to palladiumand platinum other netals such as

rut heni um rhodi iri d| old,c resent as active conponents or
promoters, ifS g gcf’ncaerrﬁr nl]&(ﬂg‘gﬁ a %p? 1%)er’g‘ﬁbt hi gher than that of the

pal | adi um The pol |ns wh an b used .i.n fhe process of . the present
i nvention have a {:@ﬂf{sﬁ?gh P& kadla nbea?grg'@ﬁéé(t é?&elsre&iﬁ
honopol ynmers of et hyI ene and copol yners of et hyI ene with 20 al pha oI efi ns

- honopol ymeid® & PFHEpYRENe %ﬁfbg%fb‘i)olfﬁﬂ@rsooq pEBpyAtenaY \)vleclﬁl}% p#Rd oIte¥S n

- honopol yners of butadi ene and copol yners W|th styrene and other ol efi ns

25 - honopol PREtd e idopk efiea RhHt KopelyiBes wiolth bt b el 3byANEARRt2006

fins; - ethylene/propylene (EPR) copolyners; - ethylene/propylene/diolefin
(EPDW@ t €7 pomyislr &n atomic ratio between platlnum and palladium ranging

from 0.1/99.9 to 50/50.

The palladium 1is preferably present in a quantity
ranging from 0.05 to 2% by weight and the platinum in a
quantity ranging from 0.005 to 0.5% by weight, with an

10 atomic ratio between platinum and palladium ranging from
1/99 to 30/70.

In addition to palladium and platinum, other metals
such as ruthenium, rhodium, iridium and gold can be present
as active components or promoters, in a concentration gen-

15 erally not higher than that of the palladium.

The polyolefins which can be used in the process of
the present invention have a molecular weight higher than
400 and are selected from:

- homopolymers of ethylene and copolymers of ethylene with
20 alpha olefins;

- homopolymers of propylene and copolymers of propylene

with alpha olefins;

- homopolymers of butadiene and copolymers with styrene and

other olefins;

25 - homopolymers of isoprene and copolymers with‘other ole-



- thernoplastic elastonmers deriving from butadi ene and/or 5 isoprene and
styrene bl ock copol yners, hydrogenated and non-hydrogenatigfuarieodyr ef erred
pol yol ef i ns are anorphous polyolefins as they are nore sol uble and
therefore easier to disperse on the carrier. 10 For the purposes of the
present invention rubbers are particularly preferred, and, in general,
commerci al copoly- ners of butadi ene-styrene (synthetic rubber; GRS, SBR)
et hyl ene- propyl ene (EPM EPR) copol yners, ethyl ene propyl ene-di ene

copol ynmers (EPEMErubbers), styrene- 15 butadi ene-styrene (SBR thernopl astic
rubbers); isobutylene- isoprene (butyl rubbers). The pol yol efi ns which can

be used for thetRyrPRELEropylehe REERENicopyMemidrdy can be prepared according
to any of the nethods known in the art. 20 The quantity of polyolefin used

ranges from D-é-tltlyléﬁa/srp%%@bgat/dim@ffq_rnatxlmpm)orﬂérﬁ&ylnoé/e@y_ wei ght, with
respect to the catalyst. e inert carrier may typically consist of

activated CﬁrQﬁ@mmébhh%%déﬂéﬂ@@@@mékgi%@&%&HmdﬁﬁréﬁobU%§ﬁiéHHja@é/@%her
materials well known in the state of the art. Acti 23 JANUARY 2006 vated

fﬁ;bfzvgﬁt PL%@;S?QMY UsRe Sy Adie PHERKAL L8P P{mkRE, CRYALYEES el Ukndor
non-hydrogenated.

The preferred polyolefins are amorphous polyolefins as
they are more soluble and therefore easier to disperse on
the carrier.

10 For the purposes of the present invention rubbers are
particularly preferred, and, in general, commercial copoly-
mers of butadiene-styrene (synthetic rubber; GRS, SBR);
ethylene-propylene (EPM, EPR) copolymers, ethylene-
propylene-diene copolymers (EPDM rubbers), styrene-

15 Dbutadiene-styrene (SBR thermoplastic rubbers); isobutylene-
isoprene (butyl rubbers).

The polyolefins which can be used for the purposes of
the present invention can be prepared according to any of
the methods known in the art.

20 The quantity of polyolefin used ranges from 0.1 to 20%
by weight, preferably from 1 to 10% by weight, with respect
to the catalyst.

The inert carrier may typically consist of activated

carbon, silica, alumina, silica-alumina, zeolites, and

25 other materials well known in the state of the art. Acti-



Activated carbons which can be used for the purposes of the invention are
sel'ected fromthose of a fossil or 5 natural origin d@ﬂﬁ@ﬁﬁ&ﬁ%WGexanple
fromwood, lignite, peat or coconut and having a surface area higher than
100 nR/g, preferably higher than 300 n2/g and a carbon with a surface area
hi gher than 600 n2/g is particularly pre- ferred. Preferred activated
carbons are those with a low 10 ash content. The sul fonated activated
carbons described i n European atent application EP 978316 can be used for
t he pur poseVatedf 62&brRe %Wﬁf{)ﬁﬁpw vaednépal $her pIRaratieon, ofhéhe
activated carbon can be subjected to treatnment such as 15 washing with
distilled wagbalygster vaekuat fairt fheciidwerddsys or dil uted oxidizi ng agents,
for exanple acetic acid, hy- drochloric acid, sodium carbonate and hydrogen
per oxi de. The cabatyvatedn deeborspavketchy cdins per singdt e ractheepucpapenent s
on the inert carrier or pretreated wwth the 20 polyolefin, by means of

preci pitatiofh amd oinveptégnatiren seéaetitnad fimom ptbeoaesars eonsstilngofor
exanpl e of solu- tions of their salts or soluble conpl exes, and then reduced
to the m®et ahdterslater byimeaes iofinigheforl eaahple chardncawoold,ealigniteajth
reduci ng substances such as hydrogen, sodium 25 form ate, sodiumcitrate or

by preparatpyett eehopigfatvednd 28adANGARY 200 kdoxdhe b N Wil e tthAecoodi ng
to an enbodi nent of the present invention,
m?/g, preferably higher than 300 m?/g and a carbon with a
surface area higher than 600 m?/g is particularly pre-
ferred. Preferred activated carbons are those with a 1low
10 ash content.
The sulfonated activated carbons described in European
patent application EP 978316 can be used for the purpose.
Before the deposition of the metals or polyolefins,
the activated carbon can be subjected to treatment such as
15 washing with distilled water or treatment with acids, bases
or diluted oxidizing agents, for example acetic acid, hy-
drochloric acid, sodium carbonate and hydrogen peroxide.
The catalyst can be prepared by dispersing the active
components on the inert carrier or pretreated with the
20 polyolefin, by means of precipitation and/or impregnation
starting from precursors consisting for example of solu-
tions of their salts or soluble complexes, and then reduced
to the metallic state by means of thermal and/or chemical

treatment with reducing substances such as hydrogen, sodium

25 formiate, sodium citrate or by preparative techniques well



the catal yst can be prepared by dispersing in sequence and alternating the
precursors of the single netal conponents 5 of the cataky3ANOARY2§d3E
carrier, as described and clainmed in patent application |IT M 2000-A001219.
The polyolefin is generally dissolved in a suitable solvent and the
resulting solution is used to inpregnate the carrier. 10 The dry

i npregnation technique is preferably used, which consists in putting the
pol yolefin m xture in contact wth the carrier, in a closed reactor at
100-120C, fior 43 U sy ¢ N order to facilitate the depositing of the

pol ynmer onto the surface At the end, the solvent is evaporated at 15 a

tomperature of 340G {an - do NaWr SufARLoS 9F 391/EN 5 St ABhe dlod e

pur poses of the resen I nventli on are se araffrins, aromat’ic hy-

drocar bons t%'%d 2&2301031 Ml ps- pgg%%n?jyt thagsgje?le?l % aI | Eenr&ed%%%f‘e are

preferably “use e prep FSEron o equence mnth

whi ch the the Iatlnun1 rQup ) .and poI olefl ) are in
Cont act i O CEREEA oF R | BERGLE R UL AP Sida i cap! aw%ﬁzngom ey of
Fo o sper 8%} “e%aﬁm&i“ ”mS%%%eezﬁréf' B x4 0 ol TR Do D e CURFEE
after depositin the nmetals forming the active phase.

in patent application IT MI2000-A001219.

The polyolefin 1is generally dissolved in a suitable
solvent and the resulting solution is used to impregnate
the carrier.

10 The dry impregnation technique 1is preferably used,
which consists in putting the polyolefin mixture in contact
with the carrier, in a closed reactor at 100-120°C, for 2-3
hours, in order to facilitate the depositing of the polymer
onto the surface. At the end, the solvent is evaporated at

15 a temperature of 140°C for 3-4 hours.

Examples of solvents suitable for the purposes of the
present invention are selected from paraffins, aromatic hy-
drocarbons and cyclo-paraffins. N-heptane, toluene, de-
caline, n-decane are preferably used.

20 In the preparation of the catalyst, the sequence with
which the metals of the platinum group (a) and polyolefins
(b) are put in contact with the carrier, is not particu-
larly critical.

When a quantity of polyolefins higher than 5% by

25 weight is used, however, it is preferable to disperse the



The catal yst of the present invention is particularly advan& eous in a
process for the preparation of hydrogen 5 peroxide ﬂ?dﬁ“ﬂ@ﬁ §§&n and oxygen
in a reaction solvent containing a hal ogenated pronoter and/or an acid
pronoter. The catalyst is normally dispersed in the reaction ne- diumat a
concentration ranging fromO0.1 to 10% by weight, preferably fromO0.3 to 3%
by weight with respect to the re- 10 action solvent. The reaction sol vent
consists of one or nore alcohols. or an al cohol -water m xture to which an

al i phatic etME¥tUBRJ/r BREYBLCHORE EREB2th¢drerEr Bons adt€Topiiernal Fyng
added. Exanpl es of al cohols suitable for the purposes of the 15 present
i nvention arehgehetdds fPEMmiPHosBOWRCH M oMPESS 6, preferably from1l to 4,
carbon atons. Anong Cl-C4 al cohols, nethanol, ethanol, terbutanol (TBA) or
their mixtures, afeepretatived. NetHsoPresephr inveatian i priedetiedlanhbng
the preferred m xture is a mx- 20 ture of nethanol and water. The quantity
of al cohol (s3dvangagebrnomid0 & cp B9k by Iweai dghte worhpaespécn taf tinedmdxemr es,
preferably from50 to 98% by weight. The aliphatic ethers are selected from
t hose habi ngpe26x jeéaerfatonf ohpdlragéh) 23d JANYARY. 2006 aR- OeREtibn whelwemt R
and R1, the sane or different, are al kyl groups

containing a halogenated promoter and/or an acid promoter.

The catalyst is normally dispersed in the reaction me-
dium at a concentration ranging from 0.1 to 10% by weight,
preferably from 0.3 to 3% by weight with respect to the re-

10 action solvent.

The reaction solvent consists of one or more alcohols
or an alcohol-water mixture to which an aliphatic ether
and/or one or more Cs-Cs; hydrocarbons are optionally added.

Examples of alcohols suitable for the purposes of the

15 present invention are selected from those with from 1 to 6,
preferably from 1 to 4, carbon atoms.

Among C;-C4 alcohols, methanol, ethanol, terbutanol
(TBA) or their mixtures, are preferred. Methanol is par-
ticularly preferred. Among the preferred mixture is a mix-

20 ture of methanol and water.

The quantity of alcohol(s) ranges from 30 to 99% by
weight with respect to the mixtures, preferably from 50 to
98% by weight.

The aliphatic ethers are selected from those having

25 general formula (I)



with from1l to 6 carbon atons. In the conpounds having for- mula (1), Ris
preferably methyl and Rl a ter-alkyl. 5 Methyl-terbutylsthadusRYIRh 1S
particularly preferred. The quantity of ethers which is used in the sol vent
m xture depends on the type of al cohol(s) used and gener- ally ranges fromO
to 70% by weight, preferably from10 to 60% by weight, with respect to the
reaction solvent. 10 According to an enbodi nent of the process of the pres-
ent invention, the reaction solvent can also contain one or nore Cs-C32
hydr ocar bons. These hydrocarbons arergerrral | ysel ected from paraf- fins,
cyclo-paraffins or aromatic conpounds. 15 Exanples of paraffinic

hydrocar bonsy,aeecphefrerahh YRS e- thectsashe rom sheserbayi ng Ad om byt 0gE8upar bon
atons, and can be linear or branched. Exanples of said paraffinic

hydr 0carbons, atg Brbgxanto o-dieMANt dhdCtiend- 85 hheihgbrapched
i soners. 20 Exanpl es of cyclo-paraffinic hydrocarbons are cycl o- héxane,

Cecal ne of RRRLT Geok1ves SSALIED MAOT T call L gLavEs

b RIS BB R a0 1 SRV | ehgpaper 8 Mo

| vention are prefgrably. selsptef LromANONE: baving o IIOM;G 14,245624000
mixture depends on the type of alcohol(s) used and gener-
ally ranges from 0 to 70% by weight, preferably from 10 to
60% by weight, with respect to the reaction solvent.

10 According to an embodiment of the process of the pres-
ent invention, the reaction solvent can also contain one or
more Cs-C;; hydrocarbons.

These hydrocarbons'are generally selected from paraf-
fins, cyclo—paraffins or aromatic compounds.

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

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

20 Examples of cyclo-paraffinic hydrocarbons are cyclo-
hexane, decaline or their derivatives substituted with one
or more alkyl groups with from 1 to 6 carbon atoms. Typical
examples of these compounds are methyl-cyclohexane, ethyl-

cyclohexane or dimethyl-cyclohexane.

25 Aromatic hydrocarbons suitable for the purposes of the

- 10 -



Exanpl es of aromatic hydrocarbons are benzene, naph- thal ene, al kyl benzenes
and al kyl napht hal enes with one or 5 nore al kyl chai ns23 JANVA®RY 2006 br anched,
having from1 to 18, preferably from6 to 12 carbon atons. Exanpl es of

al kyl benzenes are tol uene, xylenes (ortho, neta and para), ethyl benzene and
cunene. The quantity of hydrocarbons which is used in the re- 10 action
depends on the type of alcohol (s) used and generally ranges fromO to 20%

by weight, prefer; ﬂﬁJéﬁg?é%:Eﬁ Eéééé@f%% iggiegg%ﬁhfggﬁp%ﬁ%gé)ti%}%%

I
reacti on sofvent. The acid prono ny su ance capable o

erating H dro i in.the reaction solvent and is 15 generally

sel ected frgﬁpﬁngfg ng%Féaﬁﬁg%nﬁﬁéﬁ%‘sulfuric, phosphoric, nitric acid or
from organic acigs suah as_sul- foni.c ch?s. Sqéfuric acid and ghosph ric
acid are pre- feFr8P e FonBERPPAL ol BT QFRI AT §EFerRETSRangLeP rom 20
20 to 1000 er kg of reaction solvent and _preferahly from 50 to 500 ng
per kg of rggéﬁﬁ&ﬁ'so?L§%%be?ﬁ%nﬁﬁldﬁgﬁaﬁ &Yﬁgéﬁﬁﬁ@@ HeWahl UVt Khce
capabl e of generating halide ions in the reaction solvent. Sub- stances
capabl e of Herer atikyg shedinge ildmeah Cprirarerd, 2Bavhegefsapstaneed Bar e
generally selected from hydrobrom c 23 JANUARY 2006 acid and its salts

sol ubl e i n PRefegabdiYod reBdituho flor @b eomsdi um broni de, pot assi um

brom de, amoni um brom de
Examples of alkylbenzenes are toluene, xXylenes (ortho,

meta and para), ethylbenzene and cumene.
The quantity of hydrocarbons which is used in the re-
10 action depends on the type of alcohol(s) used and generally
ranges from 0 to 20% by weight, preferably from 0.1 to 10%
by weight, with respect to the reaction solvent.
The acid promoter may be any substance capable of gen-
erating H' hydrogen ions in the reaction solvent and is
15 generally selected from inorganic acids such as sulfuric,
phosphoric, nitric acid or from organic acids such as sul-
fonic acids. Sulfuric acid and phosphoric acid are pre-
ferred.
The concentration of the acid generally ranges from 20
20 to 1000 mg per kg of reaction solvent and preferably from
50 to 500 mg per kg of reaction solvent.
The halogenated promoter can be any substance capable
of generating halide ions 1in the reaction solvent. Sub-
stances capable of generating bromide ions are preferred.

25 These substances are generally selected from hydrobromic

_11_



or sodium bromate. Hydrobrom c acid, sodium brom de and po- tassium brom de
are particularly preferred. 5 The concentrati on of the 1zalaogamatzos pr onot er
gener- ally ranges fromO0.1 to 50 ng per kg of reaction solvent and
preferably from1l to 10 ng per kg of reaction solvent. The production of
hydr ogen peroxide is carried out by reacting oxygen and hydrogen in the
reaction solvent in the 10 presence of the catalyst and pronoters and in
the presence or absence of an inert gas selected fromnitrogen, helium
argon. Nitrogendi snthe tgr efadrredsghisbldhénnther readtd aR2/mdiumt héof eedi-ng
ranges from1/1 to 1/100, preferably from1/2 to 1/15 and the concentration
15 of hydrogempila tdveligasdovsmpiase gotasaitactbmhhdéhe ameam iumonbsohidnt i s
conveniently maintained at a value lower than 4.5% nolar, outside the
explosivity étnsbaiah bBemaity- Hyke aewHis iatgDf Jddi @R lnemi@pt aadapby, an
inert gas. According to an enbodi ment of the process of the pres- 20 ent

invention, thgskeamt beBmeas BeeCparitad Qlr14sigie® RirredNstead of pure
oxygen. The reaction is typically carried out at tenperatures ranging from

-5 to 906 preferahly bne@nd @ iR 08 GO eI S Lt EANP R gOnkp-40C
is particularly preferred, 25 and at a total pressure higher than

gt mospheri ¢ pf £5SuLeged3 W@Y}ZQ%G 6 efgT dkkY ¥RNGENG JIaMHD 591300t
ars, 30-100 bars bei'ng particularly preféerred.
and preferably from 1 to 10 mg per kg of reaction solvent.
The production of hydrogen peroxide is carried out by
reacting oxygen and hydrogen in the reaction solvent in the
10 presence of the catalyst and promoters and in the presence
or absence of an inert gas selected from nitrogen, helium,
argon. Nitrogen is the preferred gas.
The molar ratio H;/0; in the feeding ranges from 1/1
to 1/100, preferably from 1/2 to 1/15 and the concentration
15 of hydrogen in the gaseous phase in contact with the reac-
tion solvent is conveniently maintained at a value lower
than 4.5% molar, outside the explosivity limits of the mix-
ture consisting of H;, O; and, optionally, an inert gas.
According to an embodiment of the process of the pres-
20 ent invention, the reaction can be carried out using air
instead of pure oxygen.
The reaction is typically carried out at temperatures
ranging from -5° to 90°C, preferably from 2 to 50°C, a tem-

perature ranging from 20 to 40°C is particularly preferred,

25 and at a total pressure higher than atmospheric pressure,

- 12 -



The process according to the present invention can be_ carri t batchw se
or, -preferably, in continuous using a 5 reactor suiﬂﬁﬂﬁgUﬁgngﬁg pur pose
and selected fromthose described in the state of the art. Operating under
t he above conditions, it is possible to produce hydrogen peroxi de under
safety conditions with a reaction productivity normally ranging from30 to
200 g of 10 H2Q2 (expressed as H202 at 100% per litre of reaction ne- dium
per hour and with a nolar selectivity towards the for- mation of H2Q2,
referring topdef dnadrloggeranusiedg upromanid ngp  800mMbGa%,t 03 @026 0 Thersolbetiingns
of hydrogen peroxide thus obtained can 15 be used directly in oxidation

processes WhipGt tdaira ey e fdraeedf H202 wi t hout onerous internediate
processi ng such as the renoval of acids and solvents. Furthernore, the

process of the presentpridbeasnt idcdsdingi tabltel Prddeamtor DeIeHt 08n Ok aaqurouUs
solutions of H202 20 having a commercial titer, by the renoval of the

organi ¢ conpergiied IR Yt dHeAGd Ut mMashdia r 191y eXBHPEENBY ndbek! Lisihat izon,
whi ch can be recycled to the synthesis. The process of the present invention

allovs the reasg@ Ssiordhs d r #psf @ dphipbesE2@n v 5B 1RiGR LOPYEH Skaps ANd
25 selectivities, obtaining H2ZQ2 solutions w thout acidity or 23 JANUARY

2006 cont ai nh@%c%'ﬂédt ri%c%%eo]tstaaogediotfy ad/ ory salts. The fol l owi ng exanpl es,

whi ch have the sole purpose o
Operating under the above conditions, it 1is possible

to produce hydrogen peroxide under safety conditions with a
reaction productivity normally ranging from 30 to 200 g of
10 H;0, (expressed as H;0, at 100%) per litre of reaction me-
dium per hour and with a molar selectivity towards the for-
mation of H;0;, referring to the hydrogen used up, ranging
from 60% to 90%.
The solutions of hydrogen peroxide thus obtained can
15 Dbe used directly in oxidation processes which comprise the
use of H,;0, without onerous intermediate processing such as
the removal of acids and solvents.
Furthermore, the process of the present invention is
suitable for the production of aqueous solutions c¢f H.C,
20 having a commercial titer, by the removal of the organic
components from the reaction medium, for example by distil-
lation, which can be recycled to the synthesis.
The process of the present invention allows the rea-
gents to be transformed into H;0, with high conversions and

25 selectivities, obtaining H;0; solutions without acidity or

_13_



describing the present invention in greater detail, should in no way be
considered as limting its scope. 5 EXAMPLE 1 Treat nent QBJ%pﬁégctivated
carbon carrier 150 g of activated carbon of maritinme pine Cha 312096,
powder form (CECA/2S/E) and 1500 ml of distilled water are charged into a 2
liter jacketed glass flask, thernostat 10 regulated with an oil-heated bath
and equi pped with a cooler and stirring. After 2 hours at 80C, the
activated carbon is filtered and washed with distilled water. The activated
carbon, still danp, .is then charged into the 2 Idirjer | ass flask descri bed
above and af?‘é?tggailﬁg op3 Y1553 SRS G &SGRy AP to’SO/g%?tﬁei ght of HCL, the
tenpera ture is brought to 80C. After about 2 hours, the mxture 1is coaqled
and the activat edTB&r behlPyindsgearpd g f Whish hate Hhet sPLedPHERPSRt P t he
chl ori des have been elim - nated. The washed activated carbon is recovered
and dried 2@esarahipgethst PrEGEHorinvepbien EXAWPIER e céepat bt i vapuld
Preparation of the catalyst Pt-Pd/C (EX2) (a) 900 m of distilled water, 2.8
g of Na2CO3 amdnoswbyeheerphy ig@rgdofasadtimidtiew cidrboscepepared i n Exanpl e
25 1, are charged into a glass reactor, having the character 23 JANUARY 2006
istics déscrEX®BMPLE Exanple 1. The suspension is nmmintained at room
tenperature (20-25C), under stirring, for 10 m n-

Treatment of the activated carbon carrier

150 g of activated carbon of maritime pine charcoal in
powder form (CECA/2S/E) and 1500 ml of distilled water are
charged into a 2 liter jacketed glass flask, thermostat-

10 requlated with an oil-heated bath and equipped with a
cooler and stirring. After 2 hours at 80°C, the activated
carbon is filtered and washed with distilled water.

The activated carbon, still damp, is then charged into
the 2 liter glass flask described above and after adding

15 1500 ml of a solution at 5% by weight of HC1l, the tempera-
ture is brought to 80°C. After about 2 hours, the mixture
is cooled and the activated carbon is washed on a filter
with distilled H;O until the chlorides have been elimi-
nated. The washed activated carbon is recovered and dried

20 in an oven at 120°C for 3 hours.

EXAMPLE 2 (comparative)

Preparation of the catalyst Pt-Pd/C (EX2)

(a) 900 ml of distilled water, 2.8 g c¢f Na,CO; and
subsequently 80 g of activated carbon prepared in Example

25 1, are charged into a glass reactor, having the character-
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utes. A solution of 8 g of NazPdCd 4 at 10% by weight of Pd 5 in 100 m of
distilled water are subsequent|ly added drop w se over azjpRiNuRYfoo@bout 10
m nutes and the resulting suspension is kept at roomtenperature for 10
mnutes and is then heated in a water bath for 10 m nutes to 90C. A
solution containing 0.76 g of sodiumformate in 100 mM of 10 distilled
water is then added and the stirring is continued at 90C for 2 hours. After

Caralyat i s vRereh drehired HIPFRAREESA Uabh stipeliaiil oo MEACREIE™

catalyst is Wi ter "un ori ave been

[im t ed d 15 dried i OC f 3 h . (b h t al t
Chue ot ot natl £o3m: teRbeRa B e D -Hatt o e, PRk Rapben faty 107 dBtdS

followi ng the procedure described in (a), but using a solution of 0.404 g
of HzPt C16 Y%6%%8 by wei ght of Pt) instead of the solution of 20 NazPdd 4.
After drying at 120C, _a catal yst is obtained (EX2 containing 0.97% of Pd
and 0.038% of Pt onSatiFvabedicdl -9n8h. NEXRRPLE 3t23 0% dpar HeLghtot Fd
activated Carbons functionalized with sul 23 JANUARY 2006 fonic groups

(C- SCBH) 5 80 igt ot 0@chilv &fe A%k bbhedr ¥paesd age duseseBeanthypadded drop-

wise over a period of about 10 minutes and the resulting
suspension is kept at room temperature for 10 minutes and
is then heated in a water bath for 10 minutes to 90°C. A
solution containing 0.76 g of sodium formiate in 100 ml of

10 distilled water is then added and the stirring is continued
at 90°C for 2 hours.

After cooling to room temperature, the suspension is
filtered and the recovered catalyst 1is washed with dis-
tilled water until the chlorides have been eliminated and

15 dried in an oven at 120°C for 3 hours.

(b} the catalyst thus obtained is put in the 2 litre
reactor described above and treated following the procedure
described in (a), but using a solution of 0.404 g of
H,PtCle (8% by weight of Pt) instead of the solution of

20 Na,PdCl,.

After drying at 120°C, a catalyst is obtained (EX2)
containing 0.97% of Pd and 0.038% of Pt on activated car-
bon.

EXAMPLE 3

25 Preparation of activated Carbons functionalized with sul-
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anple 1 are charged into a jacketed 2 litre gl ass reactor,
thernostat-regulated with an oil-heated bath and equi ppadASUARYhR0® cool er
and stirring, and 240 g of H2SO4 at 96% are added dropwi se in 20 m nutes.
After honogenizing the mx- ture with slight stirring, it is heated to 140C
for 2 hours. The mxture is cooled to roomtenperature and 200 g of 10
crushed ice (fromdistilled water) are added in 10 mnutes, the mxture is
left to cool, a further 1000 nml of distilled water are added, the contents
of the reactofomie geevReréd-SQed) filtered. The activated carbon thus
treated is washed wuntil the sulfate ion in solution has been elimnated. 15
Upon el ement al ana8§s@spft hetastatest exh Weohopr ehasedt reatded worted nist 0E88%
of S. EXAMPLE 4 (conparative) Preparation of the catal yst Pd-Pt/C SGBH (EX4)
The sanme procaupte isaadophedaas! diestr i beflackeEzdnpl d1t2@ ldne wsa®gons
carrier 8 g of activated carbon functional - ized as specified in Exanple 3.
The catal yst fHedjossabbregalaedd whitth apowidrilestiexd cloathi rsid Ce@IDIp&U ;
0.98% Pd; 0.35%S. EXAVMPLE 5 25 Preparation of the catal yst
Pt - Pd/ C+259%pal t15TY 230lANUARM 2006r8iggof anie 40 abysif EX20qr atclugsgesirént o
a 200 M glass vacuum flask and flushed with nitrogen for 15 m nutes

added dropwise in 20 minutes. After homogenizing the mix-

ture with slight stirring, it is heated to 140°C for 2
hours.
The mixture is cooled to room temperature and 200 g of
10 crushed ice (from distilled water) are added in 10 minutes,
the mixture is left to cool, a further 1000 ml of distilled
water are added, the contents of the reactor are recovered
and filtered. The activated carbon thus treated is washed
until the sulfate ion in solution has been eliminated.
15 Upon elemental analysis, the activated carbon thus
treated contains 0.38% of S.

EXAMPLE 4 {(comparative)

Preparation of the catalyst Pd-Pt/C-SOsH (EX4)

The same procedure is adopted as described in Example
20 2, but using as carrier 8 g of activated carbon functional-
ized as specified in Example 3. The catalyst (EX4) is ob-
tained, which upon analysis contains: 0.038% Pt; 0.98% Pd;
0.35% S.
EXAMPLE 5

25 Preparation of the catalyst Pt-Pd/C+2.9%polySTY

- 16 -



to elimnate the air. 0.24 g of polystyrene (average MWV 120000) are dis- 5
sol'ved at 70C in a 100 m Erlenneyer flask containing 243 gaNw£RY fjoyene. The
resulting solution is then added dropwise in 5 minutes, maintaining the
stream of nitrogen, into the flask containing the catalyst EX2. The flask
containing the catalyst to which the polynmer has been added is put under a
10 rotating evaporator and is slowy reflux heated to 110C for 3 hours. The
toluene is distilled under a slight vac-_uum the catalyst is poured into a
100 m gl ass and8dr#e®% iran Y&t 1B8€ g 3chanped HeE@atal 98¢ [EXS)
i s obtained, containing upon _analy-_ 15 sis: (Pt-Pd/C)+2. 9%ol ySTY (0.036%
Pt; 0.94% P@)LaSEXAFIUTS radtC%/ onl w¥hedev il ab {5¥openpPHP T é@ema%@ﬁysw
(EX6) The sane procedure is adopted as described in Exanple 5, but using
t he cat al ystoEX4 igrigedcedhien 8% npl e 4. 20 The catal yst (EX6) is obtained
cont ai ni ng upon analy- sis: Pt-Pd/ C SG3H+3opol ySTY (0.035% Pt; 0.93% Pd and
0.36% S). EXAMPREZ2Z Ry epdr ap¢brisbyrene caavgyade PMWPAlZ09Q2) c@x@3) diEX8) 25
The sane procedure is adopted as described in Exanpl e 23 JANUARY 2006 5, but
usi ng 0.24 godfreeb%tetMyICerna 35% Q) opy | Bnewopyd ynEtask EBhtabbeny @#th an
aver age nol ecul ar wei ght of 110000 i n-

of toluene. The resulting solution is then added dropwise

in 5 minutes, maintaining the stream of nitrogen, into the

flask containing the catalyst EX2. The flask containing the

catalyst to which the polymer has been added is put under a
10 rotating evaporator and 1is slowly reflux heated to 110°C

for 3 hours. The toluene is distilled under a slight wvac-

uum, the catalyst is poured into a 100 ml glass and dried

in an oven at 140°C for 3 hours.

The catalyst (EX5) is obtained, containing upon analy-

15 sis: (Pt-Pd/C)+2.9%polySTY (0.036% Pt; 0.94% Pd).

EXAMPLE 6

Preparation of the catalyst Pt-Pd/C-SO3H+3%polySTY (EX6)

The same procedure is adopted as described in Example
5, but using the catalyst EX4 prepared in Example 4.
20 The catalyst (EX6) is obtained containing upon analy-
sis: Pt-Pd/C-SO;H+3%polySTY (0.035% Pt; 0.93% Pd and 0.36%
S) .
EXAMPLE 7

Preparation of the catalyst Pt-Pd/C (C,-co-C;) (EX8)

25 The same procedure 1is adopted as described in Example

- 17 -



stead of the polystyrene. The catalyst is obtained (EX8) containing upon
anal ysis: Pt-Pd/ (C+2.9%2-co-C3) (0.036% 5 Pt; 0.94%2PdANUERKERMISE 8
Preparation of the catalyst Pt-Pd/ C SGBH(C2-co-C3) (EX10) The sane
procedure is adopted as described in Exanple 7, but using 8 g of the
catal yst EX4 of Exanple 4. 10 The catal yst is obtained (EX10) containing
upon anal ysis: Pt- Pd/(C-SCBFHZ 9%C2-co-C3) (0.036% Pt; 0.95% Pd; 0.37% S)

EXAMPLES 9-10_ Ex 5 d t f., but d

ene- st yrene C%poggﬁeﬁgfggé% ?2/3%?13ﬁ§ﬁ95ﬁ9956¥§§:ﬂﬁ% ?éyﬁ%g?g?oﬂg%ﬁﬁ?rof
120000 t f th | Th t ts 2 4

obt ai neldnfeggg%g tﬂ}g]??r caﬁggp%“%g%{?ﬁ@ﬁe:ﬁ@fgﬁhés rEXS angdfi‘( &%agBeEBR)
(0.036% Pt; 95% Pd). EX 14: - Pd/ (C- SOBH+2. 9%SBR) (0 036% ; 0.94% Pd
0.36% 20 S). S‘Esmp@és ghe 18’°§s\}’r$ttﬁ’ers°1’£e -of TR dFEGen Yi5dr okF d@PA NG pl F58)

plant is used, consisting of a Hastell oy C autoclave having a volune of 400
M, equi pped $PPR2AN1Dg t HEPRDS RRELVEGS! at PSNPSYSCam - SR GragRaCet dfRg0363
stirring sys 23 JANUARY 2006 tem a regulation and control system of the
pressure 8uring; Ph84keBdii-on, a filter for continuously renoving the liquid

EXAMPLE 8

Preparation of the catalyst Pt-Pd/C-SOsH(C,-co-C3) (EX10)

The same procedure is adopted as described in Example
7, but using 8 g of the catalyst EX4 of Example 4.
10 The catalyst 1is obtained (EX10) containing upon analysis:
Pt-Pd/ (C-SO3H+2.9%C,—co-C3) (0.036% Pt; 0.95% Pd; 0.37% S).

EXAMPLES 9-10

Examples 5 and 6 are repeated using 0.24 g of butadi-
ene-styrene copolymer (SBR: 75/25) with an average molecu-
15 lar weight of 120000 instead of the C,;-C3; copolymer.
The catalysts (EX12 and EX14) are obtained respec-
tively, containing upon analysis:
EX 12: Pt-Pd/(C +2.9%SBR) (0.036% Pt; 0.95% Pd).
EX 14: Pt-Pd/(C-SO3H+2.9%SBR) (0.036% Pt; 0.94% Pd; 0.36%
20 S) .

EXAMPLES 11-18

Synthesis of hydrogen peroxide

A micropilot plant is used, consisting of a Hastelloy
C autoclave having a volume of 400 ml, equipped with a

25 thermostat-regulation system, a magnetic drag stirring sys-
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phase containing the reaction products, a feeding systemof the mxture of
sol vent and pronoters in which the reaction S takes pl2dd8NUAR¥2RYi ng system
of the gaseous reagents and a series of regulation and control instrunents.
The reaction trend is foll owed by continuously analyz- ing the hydrogen and
oxygen in the feeding and at the out- let of the reactor. 10 The
concentration of H202 which is forned is deter- mned in the |iquid effluent

of the reactoteRy hi tEghlebiow khdpebagsoumsperEneanats pies Setecauvihy
with respect to the converted hydrogen is cal cul ated on the basis of the

concentrati oncQE HeQ2tifn!i hg reaetiroFoef Ebuenhuand 190 thedihdasis piqhhe
anal ysis of the H2 IeaV|ng the reactor, once the stationary state has been

reached. 1.0 epake ScCLy e 8
and 100 g of %%?%ané%ﬁgg?%%ﬁgoﬁgﬁlgﬁ%%tqg Eig%%SFg t%pggﬁfg?ﬁ?ndﬁ%g%gﬁ?gf

HBr (6 ”leg)tﬁgdeQQuPB”b?fsd%%éﬂ%sgﬁa LG KO §ﬁew89%%gggu;n£&aé€$b

reactor The autoclave I's pressurize out stirring, bars wt

gaseous Mot g consi SLing, ofc 3040 KZenl 4 191 g%sae@,%s%eﬂa/eq{tyza Ine

stirring is en s m nut €, ressure S mai ntai ned
with a ccntinu 25 ous_sirea Lit of_ the same gaseous 23

JANUARY 2006 %?&%%?e°fmf?%u¥%8%%§n$§§g§% 235 sng L% B&° 400 g/ hour of a

met hanol : water  sol téoﬁegk o8 %Pgngongo%o&&owegeLQn%ont1nuously analyz-

ing the hydrogen and oxygen in the feeding and at the out-
let of the reactor.

10 The concentration of H,0, which is formed is deter-
mined in the liquid effluent of the reactor by titration
with potassium permanganate. The selectivity with respect
to the converted hydrogeﬁ is calculated on the basis of the
concentration of H;0; in the reaction effluent and on the

15 basis of the analysis of the H; leaving the reactor, once
the stationary state has been reached.

1.0 g of catalyst prepared as described in examples 2,
4 and 5-8 and 100 g of methanol:water solution (97/3 by
weight) containing 6 ppm of HBr (6 mg/kg) and 200 ppm of

20 H;SO4 (200 mg/kg) are charged into the reactor.

The autoclave 1s pressurized, without stirring, at 60
bars with a gaseous mixture consisting of 3.6% of H,, 11%
of 0, and 85.4% of N,. The stirring is then started up to
800 revs/minute, the pressure is maintained with a continu-

25 ous stream, 916 normal liters (Nl1l), of the same gaseous
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above and containing 6 ppmof HBr and 200 ppm of H2SO4. The tenperature
inside the reactor is maintained at 25C. 5 The results ebyameey sfsser 50
hours of reaction are indicated in Table 1. Table 1 10 15 20 Catal yst H202
¥Sel ectivity % EX2 Pt-Pd/ C5.364 EX4 Pt-Pd/ C SO3H5. 770 EX5 Pt-Pd/C + 3%
pol ysty5. 673 EX6 Pt-Pd/ C SO3H + 3% pol ysty5. 980 EX8
Pt - Pd/ (C+(C2-co0-C3))5.671 EX10 Pt-Pd/ (C SO3H+(C2-co0-C3))6.078 EX12
Pt - Pd/ (C+SBR( 25- 75) ) 5. 874 EX14 Pt-Pd/ (( G SOBH( SBR(25-75))5.881 25 23 JANUARY
2006 CLAI M5 rlixtuxet avysh tdef dorftampdrarsmthesfesdbhghpdr dgén qeraox: | ot
starting from hydrogen and oxygen consisting of: (a) one or nore netals of
the pl ati numar ogpthasocdcwatiere soimpahent f1a¥irg ondeor compespolipal edd fisnednd
(c) a carrier consisting of activated carbon.

above and containing 6 ppm of HBr and 200 ppm of H,SO,.

The temperature inside the reactor is maintained at 25°C.
5 The results obtained after 50 hours of reaction are

indicated in Table 1.

Table 1
Catalyst H;0, % | Selectivity %

10 EX2 Pt-Pd/C 5.3 64

EX4 Pt-Pd/C-SO;H 5.7 70

EX5 Pt-Pd/C + 3% polysty 5.6 73

EX6 Pt-Pd/C-SO;H + 3% polysty 5.9 80

EX8 Pt-Pd/ (C+(C,;—-co-C;)) 5.6 71
15

EX10 Pt-Pd/(C-SO;3;H+(C,-co~C3)) 6.0 78

EX12 Pt-Pd/(C+SBR(25-75)) 5.8 74

EX14 Pt-Pd/((C-SO3;H(SBR(25-75)) 5.8 81
20
25

- 20 -



2. The catal yst according to claim 1, wherein the netal conponents of the
catal yst are selected frompalla- dium platinum ruthesalaRUAReglsum and
iridium 3. The catalyst according to claim2, wherein the nmetal conponents
of the catalyst are palladiumand platinum 4. The catal yst according to
claim 3, wherein the quan tity of palladiumranges fromO0.01 to 4% by wei ght
and the quantity of platinumranges fromO0.001 to 1% by weight, with an

at om ¢ $&iM® pl ati num pal l adiumrang- ing fromo0.1/99.9 to 50/50. 5. The
catal yst according to claim4, wherein the quan- tity of palladi umranges
from 0.105 t & Ztel wet ghsednd foe tQiamynthesipl afi hydncatge LT 0. 005 t O
0.5% by weight, with an atomc ratio platinum palladiumrang- ing from 1/99
to 30/70. 6.idkhetrattal yst facmohdidry den dral mBygehecensismiaddictfi:on to

pal | adi um and pl ati num ot her netals such as, for exanple, ruthenium

rhodi um iri@umand geol choran mtsal23 cFANIARYP2G86 nluen present ags acti ve
conponents or pronoters, in a concentration not higher than that of the
pal l adium 7. The icad atysponeaekdi ng to claim1l1, wherein the polyolefins
have a nol ecul ar wei ght higher than 400 5 and are selected from -

honmopol yrer sippf ﬁ&)@ﬁ%@%cﬁ%éﬁﬁ{s’% Qfhget hyl ene w th al pha ol efins;
(c) a carrier consisting of activated carbon.

2. The catalyst according to claim 1, wherein the metal
components of the catalyst are selected from palla-
dium, platinum, ruthenium, rhodium and iridium.

3. The catalyst according to claim 2, wherein the metal
components of the catalyst are palladium and platinum.

4. The catalyst according to claim 3, wherein the quan-
tity of palladium ranges from 0.01 to 4% by weight and
the quantity of platinum ranges from 0.001 to 1% by
weight, with an atomic ratio platinum/palladium rang-
ing from 0.1/99.9 to 50/50.

5. The catalyst according to claim 4, wherein the quan-
tity of palladium ranges from 0.05 to 2% by weight and
the quantity of platinum ranges from 0.005 to 0.5% by
weight, with an atomic ratio platinum/palladium rang-
ing from 1/99 to 30/70.

6. The catalyst according to claim 3, wherein in addition
to palladium and platinum other metals such as, for

example, ruthenium, rhodium, iridium and gold can also
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- honopol yners of propyl ene and copol yners of propyl- ene with al pha
ol efins; 10 - honopol yners of butadi ene and copol yner s23dANUARY2006 ene and

ot her ol efins; - honopol yners of isoprene and copol ynmers w th ot her
ol efins; - ethylene/propyl ene (EPR) copolynmers; 15 -
et hyl ene/ propyl ene/diolefin (EPDM terpolynmers; - thernoplastic elastoners

deriving from butadi ene and/or isoprene and styrene bl ock copol yners,
hydro- genated and non-hydrogenated. 8. The catal yst according to claim7,
wherein the 20 pof yBITESat apé AR HROUSOPFIOPENTS n8r Prometersal vt 2
according to claim?7, wherein the 25 polyolefins are selected fromrubbers
and copol yners ofolegREraheost ppenbighent feenc thadbef RS paBRydium.
et hyl ene-propyl ene (EPM EPR) copol ymers, ethyl ene- propyl ene-diene
copol ymers (‘EPDM Thubbefsfalysyr emezd PANUARYC 2008abmt adi-eneslstngigne (ISBR
t her nopl astic rubbers); isobu- tylene-isoprene (butyl rubbers). 10. The
cat al yst accordi mplyokéfims 1 hanveer @i malleewguan- weightofhjpohegol ehiam réddges
fromO0.1 to 2096 by weight wth respect to the catalyst. 11. The catal yst
according to cl aiandGaraheeteateefqoan-
- homopolymers of ethylene and copolymers of ethylene
with alpha olefins;
- homopolymers of propylene and copolymers of propyl-
ene with alpha olefins;
10 - homopolymers of butadiene and copolymers with sty-
rene and other olefins;
- homopolymers of isoprene and copolymers with other
olefins;
- ethylene/propylene (EPR) copolymers;
15 - ethylene/propylene/diolefin (EPDM) terpolymers;
- thermoplastic elastomers deriving from butadiene

and/or isoprene and styrene block copolymers, hydro-

genated and non-hydrogenated.

8. The catalyst according to «claim 7, wherein the
20 polyolefins are amorphous polyolefins.
9. The <catalyst according to <claim 7, wherein the

polyolefins are selected from rubbers and copolymers
of butadiene-styrene (synthetic rubber; GRS, SBR);
ethylene-propylene (EPM, EPR) copolymers, ethylene-

25 propylene-diene copolymers (EPDM rubbers), styrene-
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tity of polyolefin ranges from1 to 10% by weight with respect to the
catalyst. 12. The catalyst according to claim1, wheret3WANVARYZH0¢ vat ed
carbon has a | ow ash content and a surface area higher than 100 n2/g. 13.
The catal yst according to claim 12, wherein the acti- vated carbon has a
surface area higher than 300 n2/g. 14. The catal yst according to claim 13,
wherein the acti vated carbon has a surface area higher than 600 n2/g. 15.
The catal yst according to claim1l, prepared by dis- persing the active
conmponents on an inert carrier or pretreated with polyolefins by neans of

i pi [ / ' [ T I din | ai m 15,
precipitati on. »ARdARLRLIRECANAL | Ofe Mo Tl cRialy Shupaeaidl ngopg ol 2l m

prepared by dis- persin Sequence an ernatin recursors of the
single nmetal c nt e Y. 0 nin- ert carrier or pretreated
wi t h pol yol efi %gﬁggg E%R%%ﬁﬁgﬁ%‘%é?%eé%k?bn%sg ‘met al conponents of the

cat al yst an_ n- rier. or.pretreated wih |valefins. 17. A process
for the p?bgdug%é&nc%g}%gﬁ o&gﬁoggrlgéi e %loa%m h%/dr‘g'ggﬁgéﬁd t@%yg%ur?nl n a

reaction sol vent_containi;n .hal oge te€ ropoter. angd/or.an aci d pronoter,
in the pr esentclet%f Otg argﬁlé’%)}%tflgccrgarqlcﬁ%%g roé)n?:l gﬂlns & tgé 16.by1€§“.'ej'ﬁ%et process

according to cllatlhmrle7gpevg]:ert% r(l_hteh%artg%g:/-sttl on solvent consists of one or
nore al cohols or "a

11. The catalyst according to claim 10, wherein the quan-
tity of polyolefin ranges from 1 to 10% by weight with
respect to the catalyst.

12. The catalyst according to claim 1, wherein the
activated carbon has a low ash content and a surface
area higher than 100 m%/g.

13. The catalyst according to claim 12, wherein the acti-
vated carbon has a surface area higher than 300 m®/g.

14. The catalyst according to claim 13, wherein the acti-
vated carbon has a surface area higher than 600 m?/g.

15. The catalyst according to claim 1, prepared by dis-
persing the active components on an inert carrier or
pretreated with polyolefins by means of precipitation
and/or impregnation.

16. The catalyst according to claim 15, prepared by dis-
persing in sequence and alternating the precursors of
the single metal components of the catalyst on an in-

ert carrier or pretreated with polyolefins.

-23-



m xture of al cohol-water optionally containing an ali- phatic ether and/or
one or nore C5-C32 hydrocarbons. 19. The process accor dinIANUARY zoen 18,
wherein the alcohol s selected fromthose having from1l to 6 carbon at-
ons. 20. The process according to claim19, wherein the alcohol is selected
fromthose having from1l to 4 carbon at- ons. 21. The process according to
cl aim 20, wherein the alcohol is selected from nethanol, ethanol,

t er but anol (:E@A)suﬁjlé k&gjegagla%ng ?H'p r?t%h JPherPLOcEesS | g;sgprgﬁ ngnt n(;I aim 21,

wherein the alcoh I's net e process acc ing to claim 18,

wherein the{agganhxrt ulteyr O%ﬁargﬁ%g%g‘?@dr 899¢gs i fr ?/'5'1 Ofltpg 99% by weight wth

respect to F6cess Tacchr |ng 0 Claim23, wherein the
gquan 23 _JANUARY 2006 t f alco g roms0 to 98% wei ght

Wih redpect PECHRS iR e sofel TR %{5&&%@%@&@?#@ Sher ei n
the ali- phatic ether rﬁg sel ected fromthose defined by general fornmula (1)
R ORL whef8fRCRSENETRL, X ¥R at BrraiaFFéPé‘ntSOIé’reél%IWtab?bBBs %havi ng

froml to 6 carbon atons. _ _
halogenated promoter and/or an acid promoter, in the

presence of a catalyst according to claims 1 to 16.

18. The process according to claim 17, wherein the reac-
tion solvent consists of one or more alcohols or a
mixture of alcohol-water optionally containing an ali-
phatic ether and/or one or more Cs-Ci, hydrocarbons.

19. The process according to claim 18, wherein the alcohol
is selected from those having from 1 to 6 carbon at-
oms .

20. The process according to claim 19, wherein the alcohol
is selected from those having from 1 to 4 carbon at-
oms.

21. The process according to claim 20, wherein the alcohol
is selected from methanol, ethanol, terbutanol (TBA)
or their mixtures.

22. The process according to claim 21, wherein the alcohol
is methanol.

23. The process according to claim 18, wherein the quan-
tity of alcohol(s) ranges from 30 to 99% by weight
with respect to the mixture.

24. The process according to claim 23, wherein the quan-
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26. The process according to claim25, wherein in the com pounds having
fornula (1), Ris methyl and RL a ter- alkyl. 27. The2p/¥eARY2Weording to
claim 26, wherein the ether is nethyl-terbutylether (MIBE). 28. The process
according to claim 18, wherein the quan- tity of aliphatic ether having
general formula (1) ranges fromO to 70% by weight with respect to the re-
action solvent. 29. The process according to claim 28, wherein the quan-

tity of aliphatic ether havi general_ fornul él) r es_from.l %o 60% by
wei ght withl%rlgé’pe%f? {50 C[(#eoi p%)actri%élrgessol ent. a% . %egggoiké%swae& g} ing to
claim 18, wherein the - C32 1_1hydr.o§ar bons are selected from paraffins,
cycl o- par af'fiths ZEndSione? | T ColpBGHES . 31. The process according to claim
30, wherein the paraf 23 JANUARY 2006 finic hé%rocarbons can be l.inear or
brancheé®.- 3ZReTHr Protes Kot hg o Tttt 3 wHBRERH ™ nepardfi~ finic
hydrocarbons are sel ected fromthose having from 5 to 18 carbon atons. 33.
The processPhe&drcdiatdaio &t afed 8ptedhéremn thivs parafinednby Wyp@ededr bons are
sel ected from n-hexane, n- heptane, n-octane, n-decane or their branched
i somers. 34foThelgr ddéss according to claim30, wherein the cyclo-
R-0-R;
wherein R and R;, the same or different, are alkyl
groups having from 1 to 6 carbon atoms.
26. The process according to claim 25, wherein in the com-
pounds having formula (I), R is methyl and R; a ter-
alkyl.
27. The process according to claim 26, wherein the ether
is methyl-terbutylether (MTBE).
28. The process according to claim 18, wherein the quan-
tity of aliphatic ether having general formula (I)
ranges from O to 70% by weight with respect to the re-
action solvent.
29. The process according to claim 28, wherein the quan-
tity of aliphatic ether having general formula (I)
ranges from 10 to 60% by weight with respect to the
reaction solvent.
30. The process according to claim 18, wherein the Cs-Cs;
hydrocarbons are selected from paraffins, cyclo-

paraffins and aromatic compounds.

31. The process according to claim 30, wherein the paraf-
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paraffinic hydrocrabons are selected fromcycl ohexane, decaline or their
derivatives substituted with one or nore alkyl groups havixR@aRRd tO 6 -
carbon atons. 35. The process according to claim 34, wherein the sdkst|n
tuted cycl o-paraffins are selected from nethyl- cycl ohexane,

et hyl - cycl ohexane and di net hyl -cycl ohe- xane. 36. The process according to
claim 30, wherein the aro- mati c hydrocarbons are selected fromthose having
from 6 to 24 carbon atons. 37. The process according to claim 36, wherein

t he aro- nefircidydydcacbobsna eagelbectleihdanno bemzenehedapht ha- | ene,

al kyl benzenes and al kyl napht hal enes with one or nore linear or branched

al kyl Thai neshdayrogebsomckdmiitk tar baniat ons. Wdrdire phecegssafeording to
claim 37, wherein the al kyl- benzenes and al kyl napht hal enes have a |inear or

23 JANUARY 200f- br paebed rablkyl aghaise hayie@ from €nboelBatamore abens.  39.
The process according to claim38, wherein the al kyl benzenes are sel ected

from tol ueng, tgyi@n§§rgghthomsneta and para), ethylbenzene and cunene. 40.
The process according to claim 18, wherein the quan- tity of hydrocarbons

rangesysf romyf, t o, %Qe/%gy ‘Q‘?{o@&nﬁ’)“éé‘ EESRRCH A 0 e d facthan gl yent . 41.

The process according to wherein theé quan-
finic hydrocarbons are selected from n-hexane, n-

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

34, The process according to claim 30, wherein the cyclo-
paraffinic hydrocrabons are selected from cyclohexane, |
decaline or their derivatives substituted with one or
more alkyl groups having from 1 to 6 carbon atoms.

35. The process according to claim 34, wherein the substi-
tuted <cyclo-paraffins are selected from methyl-
cyclohexane, ethyl-cyclohexane and dimethyl-cyclohe-
xane.

36. The process according to claim 30, wherein the aro-
matic hydrocarbons are selected from those having from
6 to 24 carbon atoms.

37. The process according to claim 36, wherein the aro-
matic hydrocarbons are selected from benzene, naphtha-
lene, alkylbenzenes and alkylnaphthalenes with one or
more linear or branched alkyl chains having from 1 to
18 carbon atoms.

38. The process according to claim 37, wherein the alkyl-

benzenes and alkylnaphthalenes have a 1linear or
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tity of hydrocarbons ranges fromO0.1 to 10% by weight wth respect to the
reaction solvent. 42. The process according to claim17,230A8URRNY 2bdse cat a-

|l yst is used at a concentration ranging fromO0.1 to 10% by weight with
respect to the reaction solvent. 43. The process according to claim42,
wherein the cata- lyst is used at a concentration ranging fromO0.3 to 3% by
wei ght with respect to the reaction solvent. 44. The process according to

claim17, wheneidhdde, aeld cREOADLEK iy Selected d rom subsbaneesapabl e of
gener- ating H hydrogen ions in the reaction solvent. 45. The process

accor dhhg t Gnel ABdds s WIBLBLAILAe BF1 L o PROB! el sy A eehed Jingm d nor gani c

aci ds such as s uric, phosph , hitric aci rom organi ¢ acids

such as sul faonic acids. 46, T oc accor di t | gaj m 45, erein the
acid pronn%%?%%?%ﬁn 5Fics%%?§t§§ ﬁﬁ%%%hg¥ﬁéﬂ%ggd.%giéﬁéﬁbgi?r 47. The
process accorgin%n%g claip117thmggrein t he concen- tration of acid pronoter
ranges fronf36% FPTY pef tNKIPEP 2FB5cANGh KBISEnt . 48. The process

according to claima47, wherein the concen- tration_of gcid pronoter ranges
from56%o BBE RFPERSSKGEPTEAT i bR Sd13idnt 18 49WhPE& 18y 0bREs Wb ding to
claim17, wherein the hal o- genated pronoter is selected from substances
capabl e tity of hydrocarbons ranges from 0 to 20% by weight

with respect to the reaction solvent.

41. The process according to claim 40, wherein the quan-
tity of hydrocarbons ranges from 0.1 to 10% by weight
with respect to the reaction solvent.

42. The process according to claim 17, wherein the cata-
lyst 1is used at a concentration ranging from 0.1 to
10% by weight with respect to the reaction solvent.

43. The process according to claim 42, wherein the cata-
lyst is used at a concentration ranging from 0.3 to 3%
by weight with respect to the reaction solvent.

44, The process according to claim 17, wherein the acid
promoter is selected from substances capable of gener-
ating H" hydrogen ions in the reaction solvent.

45. The process according to claim 44, wherein the acid
promoter is selected from inorganic acids such as sul-
furic, phosphoric, nitric acid or from organic acids
such as sulfonic acids.

46. The process according to claim 45, wherein the acid

promoter 1s sulfuric acid or phosphoric acid.



of generating halogen ions in the reaction solvent. 50. The process
according to claima49, wherein the hal o- genated pronot ¥ JANUARY 206ed from
substances capable of generating brom de ions such as hydrobrom c acid and
its salts soluble in the reaction nmedium such as al kaline brom des,

ammoni um brom de or sodi um bromate. 51. The process according to claim50,
wherein the com pound is hydrobrom c acid, sodium brom de or potassium

brom deq 152, He grocess acearding b, Al LTy WIBEELD ! BhL Wt Lrat i on

of hal ogenat ed pronot er” ranges g reaction

sol vent. 53. _The process_according,t ' 2, _Wherein_t cen-_tration
of hal ogenat e-tﬁg:rjb%t%f ?ghéegr]op%r%e% goaqﬁ#%gfr%%rﬁggggf qﬁggﬁ%&)éél vent .
54. The process chordi g to cEain117, wherein the reac- tion is carried out
at a tenperati®é& a%eg??lg PPoAPI8S34 -JANUARY 2006 to 90C. 55. The process
accor di ng to claimb54, wherein the tem perature ranges from2 to 50C. 56.

s

The protBss dEOREILED RFEPRASET WMeerTiat® He t efRepBLAL (HE CaTHE Trom 20

to 40C. 57. The process according to claim17, wherein the reac- tion is
carried out &rafin offppedduPs WQHRF FaReeSaffegphdt i €0 ppeSsiide. Per

kg of reaction solvent.

49. The process according to claim 17, wherein the halo-
genated promoter 1is selected from substances capable
of generating halogen ions in the reaction solvent. !

50. The process according to claim 49, wherein the halo-
genated promoter 1is selected from substances capable
of generating bromide ions such as hydrobromic acid
and its salts soluble in the reaction medium such as
alkaline bromides, ammonium bromide or sodium bromate.

51. The process according to claim 50, wherein the com-
pound is hydrobromic acid, sodium bfomide or potassium
bromide.

52. The process according to claim 17, wherein the concen-
tration of halogenated promoter ranges from 0.1 to 50
mg per kg of reaction solvent.

53. The process according to claim 52, wherein the concen-
tration of halogenated promoter ranges from 1 to 10 mg
per kg of reaction solvent.

54. The process according to claim 17, wherein the reac-

tion 1is carried out at a temperature ranging from -5



58. The process according to claimb57, wherein the total pressure ranges
from10 to 300 bars. 59. The process according to cl ai mM¥BRANUMAR 2806 t he
total pressure ranges from30 to 100 bars. 60. The process according to
claim17, wherein the nolar ratio hydrogen/oxygen in the feeding ranges
from1l/1 to 1/100. 61. The process according to claim 60, wherein the nolar
rati o hydrogen/ oxygen in the feeding ranges from1l/2 to 1/15. 62. The
process accar@i $y €o claim 17, wherein the reac- tion is carried out in the
presence of an inert gas selected fromnitrogen, helium argon. 63. The
processSaccdittk ngroaecisai ac62rdihegr eim theimebt, gdseresimi thegebemb64. The
process according to claim 17, wherein the concen- tration of hydrogen in

the gaseous phaseutd® eentaet 23ml ANWARGRPUOS Wi th the reaction solvent is
mai ntai ned at a value |ower than 4.5% nolar. 65. The process according to

claim £, whe{ei prbbeseagecbir@iniys €Ar El8d nOUb SUSi/G: @ in a$ heXygen-sour ce.
66. The process according to claim 17, wherein the reac- tion is carried out

bat chwi se or,d | PYQHS s &fomP® PRS- according to claim 17, wherein
the solu- ti'on of hydrogén peroxide is used directly in an oxi-

57. The process according to claim 17, wherein the reac-
tion 1is carried out at a total pressure higher than
atmospheric pressure.

58. The process according to claim 57, wherein the total
pressure ranges from 10 to 300 bars.

59. The process according to claim 58, wherein the total
pressure ranges from 30 to 100 bars.

60. The process according to claim 17, wherein the molar
ratio hydrogen/oxygen in the feeding ranges from 1/1
to 1/100.

61. The process according to claim 60, wherein the molar
ratio hydrogen/oxygen in the feeding ranges from 1/2
to 1/15.

62. The process according to claim 17, wherein the reac-
tion is carried out in the presence of an inert gas
selected from nitrogen, helium, argon.

63. The process according to claim 62, wherein the inert
gas is nitrogen.

64. The process according to claim 17, wherein the concen-

tration of hydrogen in the gaseous phase 1in contact
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dation process of a substrate selected fromolefins,
ammoni a and car bonyl conpounds, wusing titaniumsilical 28 @AmsARRR@GYSt .

The process according to claim17, wherein the solu- tion of hydrogen
peroxide is used to obtain aqueous solutions having a commercial titer of
H202 by the re- noval, fromthe reaction nmedium of the organic conpo-
whi ch can be recycled to the synthesis.

65.

66 .

67.

68.

with the reaction solvent is maintained at a value
lower than 4.5% molar.

The process according to claim 17, wherein the reac-
tion is carried out using air as oxygen source.

The process according to claim 17, wherein the reac-
tion is carried out batchwise or in continuous.

The process according to claim 17, wherein the solu-
tion of hydrogen peroxide is used directly in an oxi-
dation process of a substrate selected from olefins,
aromatic hydrocarbons, ammonia and carbonyl compounds,
using titanium silicalite as catalyst.

The process according to claim 17, wherein the solu-
tion of hydrogen peroxide is used to obtain aqueous
solutions having a commercial titer of H;0, by the re-
moval, from the reaction medium, of the organic compo-

nents which can be recycled to the synthesis.

aromati ¢ hydrocarbons,

68.

nents



