WO 03/ 014014 PCT/ EPO2/ 08546 5 CATALYST AND I TS USE IN THE SYNTHESI S OF
HYDROGEN PEROXI DE The present invention relates to a new catalyst, a
process fwp oBloetdi rect synthesis of hydrogen peroxide 10 @PEZOP)2/685@6n

hydr ogen and oxygen whi ch uses said catalyst and the use of the hydrogen
peroxi de solution in oxidation processes catalyzed by titaniumsilicalite.
Hydr ogen peroxide is a comercially inportant conpound which is w dely
applied as a bleach in the textile and pa- 15 per industry, as a biocide in
the environnental sector and in the chem cal industry in oxidation
processes. Exanpl es of these oxidation processes are those using titanium
silicalite as catalysts, such as the epoxidation of olefins (EP 100,119),
t he ammoxi mation of carbonyl com 20 pounds (U.S. 4,794,198), the oxidation
of ammonia to hy- droxylamne (U S. 5,320,819) and the hydroxyl ati on of
aro- matic hydrocarbons (U.S. 4,369,783). The industrial production of
aqueous solutions of H202 by neans of a conplex t wo- step process, is
known.5 25 In this process, a solution of anthraquinone, suc

03/ 014014 PETAEPSD/ BEB4ETS HUSE| Bt R g Y NEHES b eF YRR ‘ﬁ?%q%#%%@ﬁlu n an

organic ne- diuminmscible with water, is first hydrogenated and then
oxidized with air to produce H202 mhich i's subsequently ex- tracted in
aqueous phase.

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 HzO;

by means of a complex two-step process, is 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 volunmes of reagents, the nunmerous steps
requi red, wols/onehat i vely high cost of the internedi ates aad/EPozo$saé mati 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 cousyahhiyrafluanonagasogthybeh by aau hnonRgueblsalr gaFRLIAEBE UM in
the pres- 15 ence of a suitable catalytic system Anmong processes of this
type, thodeumhimhiepébakeviith amtaircobsl Tirsl durdrogepaionsd ardi thenf or
exanple in netha- nol or in nmethanol -water described, for exanple, in U S
pat ent 4, 33540924 whthateémt tappiriodatcieoH- 0D W8l Al64563, silps @QuENF bped®~ pat ent
application EP 787681 and nore particularly in European patent application
EP 978316taadtea Lhakgasoupapkaseapplications M 2000 A001218, M 2000
A001219 and M 2000 A001881, appear attractive froman technical and eco-
nom ¢ foi nt of TMi eWprdzdst,h hidwesemne tesdidulstsantidlacdisadyherageaction

- 2 WD 03/014014 PCT/ EPO2/ 08546 rates and selectivities have been
observed wbkhvigagpeebnt @eheWhebespet gt bAgoparaniaquedts hedgenvoTumesi gh

reaction perfornmances lead in turn to: i) the possibility of carrying out

the procegs undfferlifgh 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 O,. These processes are dgenerally 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, in

20 European patent application EP 787681 and more particularly
in European patent application EP 978316 and in Italian
patent applications 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



5 safety conditions, well outside the explosivity zone of H2-02 m xtures,
W thout jeopardizing it froma technical-economc point of view ii) the
possi bi | iwg 03014034 ng extrenmely | ow quantities of pronot ePET(EPat/vs$ec and
acids) in the reaction nmedium 10 with beneficial effects on the stability
of the cata |lytic systemand formation of hydrogen peroxide solu- tions

whi ch are stable and at an adequate concentra- tion for direct and

econoni cakhyesabind sedeictiviitdas hicvre pestesdEervisl Mifdl | yespert to
concentration of the solutions of hydro- gen peroxi de produced is
facilitateHetipoperavimegr thabhyaqusetfisl ngdiwes, as the boiling point and
evaporation heat of the suitably selected al cohol are | ower than those of
wa- ter. 20 These pighessesthve gentomhdycearlead outtwrm tte: pres- ence of
a catalytic systemconsisting of a noble netal, particularly nmetals of the
pl ati num gjoupthe pbekibhixtytdfesarrpitdeotivr thef psatéess onndsr suppor t ed
netals. It has now been found that it is possible to further 25 inprove
these processegafelyt &ommliafiocsel, ecid Mi t yubsnideoshe &xpMEi08/M0140d4de

PCT/ EPO2/ 08546 using a heterogeneous catal yst consisting of one or nore

netal s of the patijon ghouPurese oFitwset pojempafdinsimndia Caomiea. The
use of polyolefins also allows the nechanical
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 is 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,



5 properties of the catalyst to be inproved and facilitates its filtration
fromthe reaction mxture. An objective of the present invention therefore
re- | at eswDm3aideet er ogeneous catal yst consi sting of one oPCEmEPE2/08%8¢ al s 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 peroxide starting from hydrogen and oxygen, which uses said
cat al yst . uAihgr tahene vbfegeneeunf cehalpsbs@nsipidmd onf r engt & NBTeo0 t he
use of solutions of hydrogen peroxide obtained as described above in an
oxi dat i onmptatessfcahal pzetibymt graupni onesetivarétpol yhketinal §8d &hich
can be used for the purposes of the invention is a heterogeneous catal yst
consi stingadtkie20 (a) one or nore netals of the platinumgroup as active
conponents; (b) one or nore polyolefins; and (c) a carrier. Exanples of
metal s of the phatiwmsen grioupoarelefidhsa-aPso dialmowsd attheumpechighena im
rhodiumand iridium Preferred - 4 WD 03/014014 PCT/ EPO2/ 08546 netals
are pad | agirgpeandepl alfi e tacdhese cat aleysinprdvel paid adaailisahesnal |y
present in a quantity ranging fromO0.01 to 4% by weight and the platinum
in a quantkkyfhiapghhgohr eroR. €8¢ tealdViby mekghte.
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.
Bnother 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



5 with an atomc ratio between plati numand palladiumranging from
0.1/99.9 to 50/50. The palladiumis preferably present in a quantity
rangi ng fworm010%to 2% by wei ght and the platinumin a @@arPO2/g8sE@Ngi ng
fromO0.005 to 0.5% by weight, with an 10 atomic rati o between platinum and
pal I adium ranging from 1/99 to 30/70. In addition to palladium and
plati num other metals such as ruthenium rhodium iridiumand gold can be
present mstatsi#eechapbadhus apd ppbaBiR”¥®: in a concentration gen- 15
erally not higher than that of the palladium The polyol efins which can be
used in the procetbesé cthelpsEsenthienkedtliash uravies ndmrakly apr oeeht
hi gher than 400 and are selected from - honopol yners of ethylene and
copol yner $nofa equpntentey weahgiflg droma ©1@F i he; 4% Hevropeightr &0t BR@pyl ene
and copol yners of propylene wth al pha olefins; - honopol yners of
but adi enepaadinopolisimar sruaintth tyt yaegd ngndroot Ker00d dfd sy 6 wehgbpol ymer s
of isoprene and copolyners with other ole- - 5 WO 03/014014 PCT/ EPO2/ 08546
fins; 5 ewhyhensa/ atopytenat{EPRteeopnl yhet snun andypehbigiopyreneleddol efin
(EPDM terpolyners; - thernoplastic elastoners deriving from butadi ene
and/or  from 0.1/99.9 to 50/50.
The palladium is 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-



5 i soprene and styrene bl ock copol yners, hydrogenated and

non- hydrogenat ed. The preferred pol yol efins are anor phous pol yol efi ns as

t hey ar e worog/osphubl e and therefore easier to di sperse onPCrhwporessué er. 10
For the purposes of the present invention rubbers are particularly
preferred, and, in general, commercial copoly- ners of butadi ene-styrene
(synthetic rubber; GRS, SBR); ethylene-propylene (EPM EPR) copol yners,

et hyl ene- fpmepyl ene- di ene copol yners (EPDM rubbers), styrene 15

but adi ene-styrene (SBR thernoplastic rubbers); isobutylene- isoprene (butyl
r ubber s) . - Thehpbéyel pfopgleme ckERRN depabytefsr t he purposes of the
present invention can be prepared according to any of the nmethods known in
the art. 20efThelenanproyybéneolijolefim (BROM) abgresoiymen®: 1 to 20% by

wei ght, preferably from1l to 10% by weight, with respect to the catalyst.
The i nert -cahdrgbplay thiypicla d oreornsi derbvingt franeduteatizne and/ea,

alum na, silica-alumna, zeolites, and 25 other materials well known in
the stmateighptbBReardnd Asttiyreneb bWrk3/diptileRCT/ ERQ2L0g§846tedat @ad car bon
is preferably used for the preparation of the catalysts useful for the

i nventi onpoAchiydabgengaelons which can be used for the purposes of the

invention are selected fromthose of a fossil or

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 butadiene-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-



5 natural origin deriving for exanple fromwod, lignite, peat or coconut
and having a surface area higher than 100 nR/g, preferably higher than 300
n2/ g and wooanbon4 wi th a surface area higher than 600 nR2/pgTiEPopessué cul arly
pre- ferred. Preferred activated carbons are those with a low 10 ash
content. The sul fonated activated carbons described in European patent
application EP 978316 can be used for the purpose. Before the deposition
of the nmevatsdocapbbyolief prefetrhblacuisest dorcdtisorprepatat subjektedet o
treatment such as 15 washing with distilled water or treatnent with acids,
bases orcdthuyetsoxsdfai ngoagene sinvent omnpl e acetic acid, hy- drochloric
aci d, sodium carbonate and hydrogen peroxi de. The catal yst can be prepared
by di spersi ng Abeiwstédecaebopenemtichorcdrhebé nesedcdion ertheorppreeseat ed
with the 20 polyolefin, by nmeans of precipitation and/ or inpregnation
starting HEOMHY eCiw &t Bo 0asksStddigdteyd ekaom| ¢hofksesadfii- at iforesidf oheir
salts or sol uble conplexes, and then reduced to the netallic state by

means ©f hhenpal a¥/Pm cheri¢ahg tfeat eRampdet hf redusiongl,subsgaintes such
as hydrogen, sodium 25 form ate, sodiumcitrate or by preparative

t echni quegeuRl br cotoni® GHP I PE/ ERRZ260854@ caknighdm tHeen at 00
According to an enbodi nent of the present invention, the catalyst can be

prepared Ry/di speesbpgbiy nequercaraid 360 tetnatang kheapieaunsors af the
singl e nmetal " conponent s
surface area higher than 600 m?’/g is particularly pre-
ferred. Preferred activated carbons are those with a low
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



5 of the catalyst onto the carrier, as described and clained in patent
application I T M 2000- A001219. The polyolefin is generally dissolved in a
sui t abl e weaBwent4 and the resulting solution is used to | POTEPOAISS46t he
carrier. 10 The dry inpregnation technique is preferably used, which
consists in putting the polyolefin mxture in contact wth the carrier, in
a closed reactor at 100-120C, for 2-3 hours, in order to facilitate the
deposi ti ngnownt be pbéyaet. onto the surface. At the end, the solvent is
evaporated at 15 a tenperature of 140C for 3-4 hours. Exanples of solvents
sui tabl e for thecpvspagesoofart hembedEsent ohvéhe Eresentseinrertiénom
paraffins, aromatic hy- drocarbons and cycl o-paraffins. N-heptane, toluene,
de- cal i nenencdegagetacanpbef eraparadsad; Risperdirey piepseaténre odndhe
catal yst, the sequence with which the netals of the platinumgroup (a) and

pol yol ef i gstetRhtang Rl ipracnisints Wt hthbe sdarglicernetsl nobmpanenta- |arly
critical. Wien a quantity of polyolefins higher than 5% by 25 weight is

used, fowB¥ekhel Laits1R:ef ) eH Hrspanse ddiededcr W H340d4614imed
PCT/ EPO2/ 08546 m xture of polyolefins onto the carrier after depositing

the netal snf gLpbRg Lppiaektyenphesarzdbe-sabapyst of the present invention
is particularly advantageous in a process for the preparation of hydrogen

The polyolefin is 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, 1is not particu-
larly critical.

When a quantity of polyolefins higher than 5% by

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



5 peroxide from hydrogen and oxygen in a reaction solvent containing a

hal ogenat ed pronoter and/or an acid pronoter. The catalyst is normally

di sper sedwon3bh®i4 eacti on nme- diumat a concentrati on ran@®@CTgErPoz/esme. 1 to
10% by weight, preferably fromO0.3 to 3% by weight with respect to the re-
10 action solvent. The reaction solvent consists of one or nore al cohols

or an al cohol -water mixture to which an aliphatic ether and/or one or nore
C5- C32 hydirtarbonrs apel pptédHims | pnaddethe Exanplies fftdmwoderessti®abl e for
t he purposes of the 15 present invention are selected fromthose with from
1 to 6, phefreably fFoomidgt ohd, achibenphésas. Anong Cl-C4 al cohol s,

nmet hanol , ethanol, terbutanol (TBA) or their m xtures, are preferred.

Met hanol is parhet catbayby pifefterer gikesaminginventpiref eis edant xcuterlis a m x-
20 ture of nmethanol and water. The quantity of al cohol (s) ranges from30 to
99% by wahghhtwhbbukespecat proddes nEstutee, mregfaradblon fobnhOrogen98% by
wei ght. The aliphatic ethers are selected fromthose having 25 general

formulza (ber8xiMO 0B/d 40$4rBEEHERGR 082¢GenR-i@ R (ddaothienei soRvent R1,
the sane or different, are alkyl groups wth from1l1l to 6 carbon atons. In

t Qre ;FEPOEBﬁ%aEﬁYhQQaf Bhiofuhatéd) prBubsepr ehayabl gnnethyl pacdoir a
v 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;-Cs alcohols, methanol, ethanol, terbutanol
(TBA) or their mixtures, are preferred. Methanol is par-
ticularly preferred. BAmong 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)



5 Methyl-terbutylether (MIBE) is particularly preferred. The quantity of
ethers which is used in the solvent mxture depends on the type of
al cohol ( swouspwtoand gener- ally ranges fromO to 70% by weicghirp2/psses er abl y
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 C5-C32 hydrocarbons. These
hydrocarbons are general ly sel ecRe@Rrtom péFfhf- fins, cyclo-paraffins or
aromatic conmpounds. 15 Exanpl es of paraffinic hydrocarbons are preferably
se- | ect edhkreimt Rossdaki,ngtte osadet or1gifdesentat dhe akgykadroBRS| i near
or branched. Exanples of said paraffinic hydrocarbons are n-hexane,
n- hept anewimhoctramel hedécamebon theins.bianthedcospaends hovERANHPES of
cycl o-paraffinic hydrocarbons are cycl o- hexane, decaline or their
derivativaeslaubsti}utked M t breferaml ynomethlkyl agdoups @it hetradk¥lio 6
carbon atons. Typical exanples of these conpounds are nethyl-cycl ohexane,
et hyl -5 cygkeeheianerbutdisehbyl (MyBEPhesapert26ubavimt prefigdredar bons
suitable for the purposes of the - 10 WD 03/014014 PCT/ EP02/ 08546
present inventirae aferieferabl ytaekected dhr ais t hese Hawitlye Bodwestto 24
carbon atons. Exanples of aromatic hydrocarbons are benzene, naph- thal ene,
al kyl benzgngsuzed Rigerirapit hehenegpwi bif erieddiol (s) used and gener-
ally ranges from 0O 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-Ci3, 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 -



5 nore al kyl chains, linear or branched, having from1l to 18, preferably
from6 to 12 carbon atons. Exanpl es of al kyl benzenes are tol uene, xyl enes
(ortho, wetms/omuds para), ethylbenzene and cunene. The quamGTIBPOZNS8546

hydr ocarbons which is used in the re- 10 action depends on the type of

al cohol (s) used and generally ranges fromO to 20% by wei ght, preferably
from0.1 to 10% by weight, wth respect to the reaction solvent. The acid
pronot er pmgsbetanpvenbiomnstechpabetabiygealeetedi FCPHERGER dBRWIRSNns in
the reaction solvent and is 15 generally selected frominorganic acids
such as stikbur bctopBdsphobou, ahdmsic acid or from organic acids such as
sul- fonic acids. Sulfuric acid and phosphoric acid are pre- ferred. The
concentration Bkahbkeaciod gereratliy hpdyesafhons 28re2®anzeldo0 ngPper kg of
reaction solvent and preferably from 50 to 500 ng per kg of reaction

sol vent. Thelbakpgendtdbberanmtser andn di&kydmaphifhstlanes capbbl @nepfor
generating halide ions in the reaction solvent. Sub- stances capabl e of
gener &g i ngokeorldgli enainse pieéerred. b2&nFhede babsbanfesmal etgeh@ral |y
selected from hydrobromc - 11 WD 03/014014 PCT/ EPO2/ 08546 acid and its
salts sol yekgerapipefrencti 68 wedcapbohoatems.anpl e sodi um bromi de,

pot assi um brom de, amoni um brom de or sodi um bromate. Hydrobrom c acid,
sodi um br oni degagpglppes bassiuylbensenesaseepaoclientarkylgnesefoetho,
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 1is
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 in the reaction solvent. Sub-
stances capable of generating bromide ions are preferred.

25 These substances are generally selected from hydrobromic

_11_



5 The concentration of the hal ogenated pronoter gener- ally ranges fromO.1
to 50 ng per kg of reaction solvent and preferably from1 to 10 ng per kg
of reactiwomsohaent. The production of hydrogen peroxide iPE€TEPOZ/HSEd6 out by
reacti ng oxygen and hydrogen in the reaction solvent in the 10 presence of
the catal yst and pronoters and in the presence or absence of an inert gas
selected fromnitrogen, helium argon. Nitrogen is the preferred gas. The
nol ar rat boiH2E02 iifyst ke lftsediodgbrignges theomegatiqn mednogn, pke¥f eAbly from
1/2 to 1/15 and the concentration 15 of hydrogen in the gaseous phase in
contact wahplehesaddam thioombsdd vepotasstonydroandey ranimamsHedoremadoal ue

| ower than 4.5% nolar, outside the explosivity limts of the mx- ture
consi st i ngrosoH2umOBrandteopiydnabkymianachdrt sgdsumAecontiagand RA~

enbodi ment of the process of the pres- 20 ent invention, the reaction can
be carri edaesgtiumsbngmade araspeatiofilpuig pxgfenredhe reaction is typically
carried out at tenperatures ranging from-5to 90C, preferably from2 to
50C, astem peraturdncangiragitnom20the #Cogenpded qiamdteprgérered, 25
and at a total pressure higher than atnospheric pressure, - 12 WO

03/ 014014 ;RCY/ ERAYB5om po ef etablap mangpag kyoraflOré¢acB3Dén bardyeB0- 100
bars being particularly preferred. The process according to the present

i nvent i onzganphkefeg¢abliyedromt 1babchei fg per kgedérabhyribon sobventious using
] 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,
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5 reactor suitable for the purpose and selected fromthose described in
the state of the art. Operating under the above conditions, it is possible
to producwolpdimgen peroxi de under safety conditions w thPpaT/EPeRCISHON
productivity normally ranging from30 to 200 g of 10 H202 (expressed as
H202 at 100% per litre of reaction nme- diumper hour and with a nol ar
selectivity towards the for- mation of H202, referring to the hydrogen used
up, rangi pgeférapl§0¥ahgifg%Lfrime bl uei 38 bhrisydridydd hdrarss deeihds
obtained can 15 be used directly in oxidation processes which conprise the
use of H2@3rwithoutlonpredsriatier nedi ate processing such as the renoval of
aci ds and solvents. Furthernore, the process of the present invention is
suitabl e for threppeduessoacebradquegons Shleutdrasendf HAGLht M heam ngea
commercial titer, by the renpoval of the organic conponents fromthe

reacti on préirbiey Hat BXagpWesbyod] Spréfekablon, imhécht tanobs uetygl ad to
the synthesis. The process of the present invention allows the rea- gents

to be 4rapstersrd dUtrai2C2ryi t RhBi Purgmeer sh@nseardteds firecthosei es,
obtai ning H202 solutions without acidity or - 13 WD 03/014014

PCT/ EPO2/ 98346 ineant ai phR0senky braems aftacidity and/or salts. The
foll ow ng exanpl es, which have the sol e purpose of describing the present

invention in gpgatgtif§t ankhershaid dabbie NBoWAY thenspnsitderedpassibiret i ng
its scope.
to produce hydrogen peroxide under safety conditions with a
reaction productivity normally ranging from 30 to 200 g of
10 H,0, (expressed as Hy0, 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 be 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 of Hz0:
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 Hy;0, solutions without acidity or
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5" EXAMPLE 1 Treatnment of the activated carbon carrier 150 g of activated
carbon of maritinme pine charcoal in powder form (CECA/ 2S/E) and 1500 m of
di still edwoami40ase charged into a 2 liter jacketed gl as®diErskipss4e
thernmostat 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 i pbatatihénd bhlertghass 6faskidesbyrabadonbsaktand after adding 15
1500 mM of a solution at 5% by weight of HC, the tenpera ture is brought
to 80C. After ahoutoRlbwimg, etdmephext wwieich shavel tde andlée hpusptsoatéd
carbon is washed on a filter wth distilled H2O until the chlori des have
been el i njeshaiBingThRewpsednac iinwaned cvaribonyiea recodetaill anghduidd 20
in an oven at 120C for 3 hours. EXAMPLE 2 (conparative) Preparation of the
catal yst Ph- Rd/ Ga(EXR) cbayiQ60esl asf 1tnstihyettwateope2. 8 g of Na2CO3 and
subsequently 80 g of activated carbon prepared in Exanple 25 1, are
charged i pkavergl ass reactor, having the character- - 14 WO 03/014014

PCT/ EPO2/ 08546 1Sti cs descrlbed in Exanple 1. The suspension is maintained

at room t eRREERALHECoE20n856 tivAden shibbhNgart0erl0 nin- utes. A sol ution
of 8 g of Naz2PdCl4—at—10% by wei ght of Pd

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 Jjacketed glass flask, thermostat-
10 regulated 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 HCl, 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 of NaCOs3 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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5in 100 mM of distilled water are subsequently added drop- w se over a
period of about 10 mnutes and the resulting suspension is kept at room

t enper at uwe Bo14010 m nutes and is then heated in a water PoatEprot/a8s4d.0
mnutes to 90C. A solution containing 0.76 g of sodiumformate in 100 m
of 10 distilled water is then added and the stirring is continued at 90C
for 2 hours. After cooling to roomtenperature, the suspension is filtered
and the reésoiesedesarabygdt insEvamhéd Wt Bheli suspenpednwasenaiptpingde

chl ori des have been elimnated and 15 dried in an oven at 120C for 3
hours. (bhtt reomattaimpetratthure di202i258¢ )i,s ynder rsttiering, tfer r@awior

descri bed above and treated follow ng the procedure described in (a), but
usi ng a sakeki.on of 0.404 g of H2PtCl6 (8% by wei ght of Pt) instead of the
solution of 20 Na2PdC 4. After drying at 120C, a catal yst is obtained
(EX2) cont ai nangoQuei1%mofoPdB agdod. 0a8Paol, Pat ohO0&c hiyw atesidyidare £ bBd.
EXAMPLE 3 25 Preparation of activated Carbons functionalized with sul- - 15

WO 03/914044 1B0T/iEP02f 085461 11 6ai wageeupsy o GulEHudit iy oddded i dabpd car bon
prepared as described in Ex- anple 1 are charged into a jacketed 2 litre
gl ass reagtige, ovdieramoptaionegd afrsiti th annatksheaiedtibat keanditegyi pped
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 is 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,PtCls (8% by weight of Pt) instead of the solution of

20 Na,PdCly,.

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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5 wth a cooler and stirring, and 240 g of H2SO4 at 96% are added dropw se
in 20 mnutes. After honogenizing the mx- ture wth slight stirring, it is
heat ed t owd40@14004 2 hours. The mixture is cooled to roowcr@pPBIGUIar € and
200 g of 10 crushed ice (fromdistilled water) are added in 10 m nutes,
the mxture is left to cool, a further 1000 ml of distilled water are
added, the contents of the reactor are recovered and filtered. The

activat edfeatbogrbhps tceaoed) i s washed wuntil the sulfate ion in solution
has been elTmnated. 15 Upon el enental analysis, the activated carbon thus
treated contaiBs §. 38%eeftiSatE¥ANRIboh (ommzaret iame)ddsepdved i om Bk-t he
catal yst Pd-Pt/C SQG3H (EX4) The sanme procedure is adopted as described in
Exanpl e 238p2e hutarésicharagdcanticera 8 arldtedt2 vat ede catbsas feactoonal -
ized as specified in Exanple 3. The catal yst (EX4) is ob- tained, which
upon anal ysk$neeRba-rsguda@38%Rtth 0ar988 PdheaBed5%ath EXHMPEEUSPREA
Preparation of the catal yst Pt-Pd/ C+2.9%o0l ySTY - 16 WD 03/014014

PCT/ ER92/ Q8546 a &db1afr tied cat ab¥shgFXanar @ 4ohaf gefl HR®, aat2096%1 agkass
vacuum fl ask and flushed with nitrogen for 15 mnutes to elimnate the

air. 0.24,gq4ef RRlopMIYENE (2yehagatM 1200Q0) smodhstzing 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-SOs;H (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: 0.039% Pt; 0.98% Pd;
0.35% S.
EXAMPLE 5

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

- 16 -



5 solved at 70C in a 100 m Erlenneyer flask containing 24 g of tol uene.
The resulting solution is then added dropwise in 5 mnutes, naintaining

t he streawooB/oniot4 ogen, into the flask containing the catralryErp2/e8%2¢ The
flask containing the catalyst to which the polyner 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 80@ ndfglthss emially$edEXRn ane o¢bArded140¢d of ZWMouPs. The
catal yst (EX5) is obtained, containing upon analy- 15 sis: _

(Pt - Pd/ C) 42a9%pobySiN £Da6B8680@t £10sb4d Pith EXAPEEN6LPE eparBiROREdf t he
catal yst Pt-Pd/ G SGBH+3%pol ySTY (EX6) The sanme procedure is adopted as
descri bedtbnekExaipbheée bhebafirusi ng the catal yst EX4 prepared in Exanpl e 4.
20 The catal yst (EX6) is obtained containing upon analy- sis:

Pt - Pd/ C- SO3H+30paky ST Yo f 0. 0354 tRirer® 988y &dagad MW 36200&%)) BEXAVRLEST
Preparation of the catalyst Pt-Pd/C (C2-co-C3) (EX8) 25 The sane procedure
i s adopt edoavedestr 7bed in Exaopl ®l Erl@nm¥@e03£04401d4oPCILEPOQ/ BB546 5,
but using 0.24 g of 65% et hyl ene-35% propyl ene copol yner (EPR rubber) with
an aver age fmiAacidmy. ighte ol 110§068olntishedd dfhdrheagddgstyopweseThe
catalyst is obtained (EX8) containing upon anal ysis:

Pt - Pd/ ( C+2n9%C2rieerted), id3¥GUHning 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 is slowly reflux heated to 110°C

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

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-SO;H+33%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-SOs;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 is adopted as described in Example
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5 Pt; 0.94% Pd). EXAMPLE 8 Preparation of the catal yst Pt-Pd/ C SO3H
(C2-co-C3) (EX10) The sanme procedure is adopted as described in Exanple 7,
but usi ngwB 0g/oofo14 he cat al yst EX4 of Exanple 4. 10 The catramEPn2/iss4©bt ai ned
(EX10) containing upon analysis: Pt-Pd/ (C SO3H+2. 9%C2-co-C3) (0.036% Pt;
0.95 % Pd; 0.37 %S) . EXAWPLES 9-10 Exanples 5 and 6 are repeated using
0.24 g of butadi- ene-styrene copolynmer (SBR 75/25) with an average

nmol ecu- 15,1 hntwesghy 6f 2420000 Fh&t ehtlybenehadST2PTBPEHPRE yFRPO L YRR

catal ysts (EX12 and EX14) are obtained respec- tively, containing upon

anal ysi s: (EER12ubBerPdiv( €h+anoe®@BRrg¢ Omo3eenPar Wedghs PAf. 1 EX0AQ: 110t - Pd/
(C S03H+2. 9%GBR) (0.036% Pt; 0.94% Pd; 0.36% 20 S). EXAWPLES 11-18

Synt hesi s sekaldy @rfogeite pepayistgrAne. crips | oatal st iis usethingshsiBXBhg of a
Hastell oy C autoclave having a volume of 400 m, equipped with a 25

t her nost atonegihahgonupyat eanaayshgnet Pe-BdACHE2 i $Cngosys) - (28039D

03/ 014014 PCT/ EP02/ 08546 tem a reqgulation and control system of the
pressuse @uri pgoskhedyeaction, a filter for continuously renoving the
liquid phase containing the reaction products, a feeding systemof the

m xture okxaelvent and pronoters in which the reaction

Preparation of the catalyst Pt-Pd/C-SO3H(Cp;—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 is obtained (EX10) containing upon analysis:
Pt-Pd/ (C-SOsH+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;-C; 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-SOsH+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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5 takes place, a feeding system of the gaseous reagents and a series of
regul ation and control instrunments. The reaction trend is foll owed by

cont i nuouwbysanaliyz- ing the hydrogen and oxygen in the f@®edinrg2/essds at t he
out- let of the reactor. 10 The concentration of H202 which is fornmed is
deter- mined in the liquid effluent of the reactor by titration wth

pot assi um per manganate. The selectivity with respect to the converted

hydr ogen temgabhcubgtddtbont aedbasntrol syietemonEehlie apronsere HPOPIRG t he
reaction effluent and on the 15 basis of the analysis of the H2 | eaving the
react or, @heeretbeishataofialyest fve bastbeeouskachemoving ghef liauadyst
prepared as described in exanples 2, 4 and 5-8 and 100 g of nethanol : water
sol ution pAZL3 byntuehihy) thentaaot ignepppduocts HBa {6edinagyyahem206 ppm of
20 H2SO4 (200 ng/ kg) are charged into the reactor. The autocl ave is
pressuri zede Wikhouk sfifi IsoilvgntatantD prvarctenist hira waseoushei xeaceion
consisting of 3.6%of Her 11% of 02 and 85.4% of N2. The stirring is then
startesl upakes 808cegvs/ Aebding bhetpmessutkei gasmbus areedents hamdcantinu
25 ous stream 916 normal liters (N), of the same gaseous - 19 WO

03/ 014014 sReTLEPQ2/ 08546atMbxt HhE, cvhthol héensbnteepbsaneous f eedi ng of 400
g/ hour of a nethanol :water solution having the conposition defined above

and cont ai ni ngTheppanetibBr tasdd208 ppm ehetilbEPIconbeéntienpeyabnatyensi de
the reactor is maintained at 25C

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 hydrogen 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,S0, (200 mg/kg) are charged into the reactor.

The autoclave is 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 (N1l), of the same gaseous
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5 The results obtained after 50 hours of reaction are indicated in Table
1. Table 1 Catalyst H202 % Sel ectivity % 10 EX2 Pt-Pd/C 5.3 64 EX4
Pt - Pd/ C- S®OBH38140140 EX5 Pt-Pd/ C + 3% pol ysty 5.6 73 EX6 PPOIAPIZ/GBSHBH + 3%
polysty 5.9 80 EX8 Pt-Pd/ (C+(C2-co0-C3)) 5.6 71 15 EX10
Pt -Pd/ (C SBH+(C2-co-C3)) 6.0 78 EX12 Pt-Pd/ (C+SBR(25-75)) 5.8 74 EX14
Pt-Pd/ ((C SOBH( SBR(25-75)) 5.8 81 20 25 - 20 WD 03/014014 PCT/ EP02/ 08546
CLAI M5 1. mAxtarel yst thséhel domt empe rapeohss i fe astingy driogdd paflexur | gé
starting from hydrogen and oxygen consisting of: (a) one or nore netals of
t he pl ati Bumeirtoup lasvater Ssbluticonpodmes; the) ampasitimre gofivedfins;
and (c) a carrier: 2. The catalyst according to claim1l, wherein the netal
conponent abofret hadcabakyshiage6spbrco&dHBroangalfPa-pp® df ulzSQl.-ati num
rut henium rhodiumand iridium

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-S0O3;H 5.7 70

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

EX6 Pt-Pd/C-SO3;H + 3% polysty 5.9 80

EX8 Pt-Pd/ (C+(C,—co-C3)) 5.6 71
15

EX10 Pt-Pd/ (C-SO3H+ (Cy-co-Cj)) 6.0 78

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

EX14 Pt-Pd/((C-SO;H(SBR(25-75)) 5.8 81
20
25
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3. The catal yst according to claim2, wherein the netal conponents of the
catal yst are palladiumand platinum 4. The catalyst according to claim 3,
wherein twe wuwavitity of palladiumranges fromO0.01l to 4%pPoy/meer/gésic and 15
the quantity of platinumranges fromO0.001 to 1% by weight, with an atomc
ratio platinum palladiumrang- ing fromO0.1/99.9 to 50/50. 5. The catal yst
according to claim4, wherein the quan- tity of palladiumranges fromO0.05
to 2% by @RAGMS and 20 the quantity of platinumranges fromO0.005 to 0.5%
by weight, with an atonic ratio platinum palladiumrang- ing from1/99 to
30/ 70. 6.1The matatysystcesefiihgfon thai syBthesesedh hridaddeni paroxo

pal | adi um and pl ati num other netals such as, for 25 exanple, ruthenium
rhodi um iridi uaeastagoldgcanoml spdreg@l aMd O8y§dd 0ddn LT EROXPD8546 be
present as active conponents or pronoters, in a concentration not higher
than that of thg)pabhadotmmote ThetLlat abFsthacpdadiingmt greduw md, agherei n
the polyolefins have a nol ecul ar wei ght higher than 400 5 and are

sel ecteed from - hopopel yeepsnehtet hyl ene and copol yners of ethylene wth

al pha ol efins; - honopol yners of propyl ene and copol ynmers of propyl- ene
with al pha ol efibps; 048 orhesPeOpYIRsEeinbut @adiiene and copol ymers with sty-
(c) a carrier:
2. The catalyst according to claim 1, wherein the metal
components of the catalyst are selected from palla-
10 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
15 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
20 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

25 example, ruthenium, rhodium, iridium and gold can also
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rene and other olefins; - honopol yners of isoprene and copolymers with
other olefins; - ethylene/propylene (EPR) copol yners; 15 -

et hyl ene/ woapyhene/ di ol efin (EPDM terpolynmers; - thernoplpagtiroz/essast oner s
deriving from butadi ene and/or isoprene and styrene bl ock copol yners,
hydro- genated and non-hydrogenated. 8. The catal yst according to claim?7,
wherein the 20 polyolefins are anorphous polyolefins. 9. The catal yst
accordi ng to cbai prgseatier @sn adid vepotqupehentss acg sefFeeetdr$r oy uBber s
and copol yners of butadi ene-styrene (synthetic rubber; GRS, SBR);

et hyl ene- pr opyteneeh EPM i &PR)ot opbyeer shaet biyh enef 2Bheropyl @duni ene
copol yners ( EPDM rubbers), styrene- - 22 WO 03/014014 PCT/ EPO2/ 08546

but adi ene7st yrene ( SBRaflgetnoplastridingublter s)gldisobul, t yWeeeeisoptkeae
(butyl rubbers). 10. The catal yst according to claim1l, wherein the gquan-
tity of polyol gbipolafges fave Oa lmbde20¥aly weigit h3ghetrh thesped€Oto the
catalyst. 11. The catal yst according to claim 10, wherein the quan- tity of
pol yol=fin ranggg hrensditetd@%bymwei ght with respect to the catal yst.

12. The catalyst according to claim1, wherein the carrier 10 is selected
from acti vat ed-caphepolgfergaiofd aaiidhe 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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functionalized with sulfonic groups, silica, alumna, silica-alumna and
zeolites. 13. The catalyst according to claim 12, wherein the car- rier is
an acti vawed3oaohon with a | ow ash content and 15 a surf @ca/Erozesshé gher
than 100 nR2/g. 14. The catal yst according to claim 13, wherein the acti-
vated carbon has a surface area higher than 300 n2/g. 15. The catal yst
according to claim 14, wherein the acti vated carbon has a surface area

hi gher than 60Pub&dijene28t¥BendhdSBat dihegmagdestdingrulbed sl im isopwepar ed
by dis- persing the active conponents on an inert carrier or pretreated
wi t h pol yol ef i bglébyerkaosrehep(lect pit atbbershnd/ or i npregnation. 17. The
catal yst according to claim 16, prepared by dis- 25 persing in sequence and
al ternating.t henhpr eattadgss efccordihg W 031814014 ROErER0R/08546uanhe
single metal conponents of the catalyst on an in- ert carrier or pretreated
W th pol yol efi asty1&f Aodrwskssid orahfes pifedmctd dn vd RYEr dgenwpegbXki de
from hydrogen and oxygen in a reaction solvent containing a 5 hal ogenated

pronoter and/ of;i8R askfeptondt Bhe tatabgstpresence of a catal yst according
toclains 1 to 17. 19. The process according to claim 18, wherein the reac-

tion solvent consi eh$a0ks@N@Rori@nhg alc @1elis aro,a wiexéim etloé quan-
al cohol -water optionally containing an ali- 10 phatic ether and/or one or
nore C5-C32 hydregarkopsiyolefin ranges from 1 to 10% by weight with
respect to the catalyst.
12. The catalyst according to claim 1, wherein the carrier
10 is selected from activated carbon, activated carbon
functionalized with sulfonic groups, silica, alumina,
silica-alumina and zeolites.
13. The catalyst according to claim 12, wherein the car-
rier is an activated carbon with a low ash content and
15 a surface area higher than 100 m’/g.
14. The catalyst according to claim 13, wherein the acti-
vated carbon has a surface area higher than 300 m?/qg.
15. The catalyst according to claim 14, wherein the acti-
vated carbon has a surface area higher than 600 n?/qg.
20 16. 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.
17. The catalyst according to claim 16, prepared by dis-

25 persing in sequence and alternating the precursors of
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20. The process according to claim 19, wherein the al cohol is selected
fromthose having from1l to 6 carbon at- ons. 21. The process according to
cl ai m 20, wotmsneions t he al cohol 15 is selected fromthose PaTiEPy2/H85@6n 1 to 4
carbon at- ons. 22. The process according to claim 21, wherein the al cohol
is selected fromnethanol, ethanol, terbutanol (TBA) or their m xtures. 20
23. The process according to claim22, wherein the alcohol is nethanol.
24. The processhacsdndilirgmedad| giompbaentisercdi thehecafimkiystt iely @t ahcohol (s)
ranges from30 to 99% by weight wth respect to the m xture. 25 25. The
process accordeng tareliarnv24prebeeetadthwethuanlyelefAins\O 03/ 014014
PCT/ EP02/ 08546 tity of alcohol (s) ranges from50 to 98% by weight wth
respect toestheanpxbuees 26r The prodestiancofdhmdrogenl pempgddewheeori n t he
ali- phatic ether is selected fromthose defined by general 5 formula (1)
R-O- Rl wherei hyRragénRindt bryganeinr adiébeteah, saleentkgbntgioupg havi ng
froml to 6 carbon atons. 27. The process according to claim26, wherein in
the com 10 podadsghautsg feometar( Ignd/dt i snnethyl parthoRera tir - the
presence of a catalyst according to claims 1 to 17.
19. The process according to claim 18, wherein the reac-
tion solvent consists of one or more alcohols or a
mixture of alcohol-water optionally containing an ali-
10 phatic ether and/or one or more Cs—Cs; hydrocarbons.
20. The process according to claim 19, wherein the alcohol
is selected from those having from 1 to 6 carbon at-
oms.
21. The process according to claim 20, wherein the alcohol
15 is selected from those having from 1 to 4 carbon at-
onms.
22. The process according to claim 21, wherein the alcohol
is selected from methanol, ethanol, terbutanol (TBA)
or their mixtures.
20 23. The process according to claim 22, wherein the alcohol
is methanol.
24. The process according to claim 19, wherein the quan-
tity of alcohol(s) ranges from 30 to 99% by weight

with respect to the mixture.

25 25. The process according to claim 24, wherein the quan-
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al kyl . 28. The process according to claim 27, wherein the ether is

net hyl -terbutyl ether (MIBE). 29. The process according to claim19, wherein
t he quan-wo93wi40y4 of al i phatic et her havi ng general fornulPa&T(HP)2/085a¢1ges
fromO to 70% by weight with respect to the re- action solvent. 30. The
process according to claim?29, wherein the quan- tity of aliphatic ether
havi ng general fornmula (1) 20 ranges from 10 to 60@6b¥ wei ght with respect
to the reactibhtgolofentzlcaliol fhe progess facadr 80nda 098Faily 19eidher ei n
the C5-C32 hydrocarbons are selected fromparaffins, cyclo- paraffins and
aromati ¢ conpowntls. r@5p8et Thethpe osestumecording to claim 31, wherein the
paraf- - 25 WD 03/014014 PCT/ EP02/ 08546 finic hydrocarbons can be |inear
or branched. 3Bhe TipeoprssesacaTodimd ngot claiam M 32, wikeeénn thwe phiaf -
finic hydrocarbons are selected fromthose having from 5 to 18 carbon
atons. 5 34. Theapioceskeactsrdehgctedcfaom BBpsehdeéinedheypaeagratinic
hydr ocarbons are sel ected from n-hexane, n- heptane, n-octane, n-decane or
t heir Branchedrbsmakas(IB5. The process according to claim 31, wherein the
cyclo- paraffinic hydrocrabons are selected from cycl ohexane, 10 decali ne
or their derivatives substituted w t hroperpr

wherein R and R;, the same or different, are alkyl
groups having from 1 to 6 carbon atoms.
27. The process according to claim 26, wherein in the com-
10 pounds having formula (I), R is methyl and R; a ter-
alkyl.
28. The process according to claim 27, wherein the ether
is methyl-terbutylether (MTBE).
29. The process according to claim 19, wherein the quan-
15 tity of aliphatic ether having general formula (I)
ranges from 0 to 70% by weight with respect to the re-
action solvent.
30. The process according to claim 29, wherein the quan-
tity of aliphatic ether having general formula (I)
20 ranges from 10 to 60% by weight with respect to the
reaction solvent.
31. The process according to claim 19, wherein the Cs-Cs:
hydrocarbons are selected from paraffins, cyclo-
paraffins and aromatic compounds.

25 32. The process according to claim 31, wherein the paraf-
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nore al kyl groups having from1l to 6 carbon atons. 36. The process
according to claim35, wherein the substi- tuted cyclo-paraffins are

sel ect ed womriom®ihyl - cycl ohexane, ethyl-cycl ohexane and acCwatPhyds8sae/cl ohe-
15 xane. 37. The process according to claim 31, wherein the aro- matic

hydr ocarbons are selected fromthose having from 6 to 24 carbon atons. 38.
The process according to claim37, wherein the aro- 20 mati c hydrocarbons
are sel ected ffonmibechyénecaraens hean |keel 15831 | petreanrahethd

al kyl napht hal enes with one or nore |linear or branched al kyl chains having
from 1 to3318 Thebpnoaeessacgordihe ppocdedmacPor Ry aid cthg nPaB2twherein
the al kyl - 25 benzenes and al kyl napht hal enes have a |linear or - 26 WO
03/ 014014 PCT/ EPO2¢ 08gdBochrbonhearal kgleched nfhani Hgo$e op6iR® IPOBar bon
atons. 40. The process according to claim 39, wherein the al kyl- benzenes
are sel ected fBohot bBueasboryseoms. (ortho, neta and para), ethyl benzene
and cunene. 5 41. The process according to claim19, wherein the quan- tity
of hyds ocanbonsheapgesebsoac@otrdiBg%by cdeiight3 3, wivtreresigpethe toarag-
reaction solvent. 42. The process according to claim4l, wherein the quan-
tity of hydrocaihoss hpdgesafisoms 0.4rd 0 sEl%dhedieifgotn  t6hekeher espect to

t he reaction sol vent.
heptane, n-octane, n-decane or their branched isomers.

35. The process according to claim 31, wherein the cyclo-

paraffinic hydrocrabons are selected from cyclohexane,
10 decaline or their derivatives substituted with one or
more alkyl groups having from 1 to 6 carbon atoms.

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

15 xane.

37. The process according to claim 31, wherein the aro-
matic hydrocarbons are selected from those having from
6 to 24 carbon atoms.

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

20 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.

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

25 benzenes and alkylnaphthalenes have a 1linear or
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43. The process according to claim 18, wherein the cata- lyst is used at a
concentration ranging fromO0.1 to 10% by weight with respect to the

reacti on wolosentol4 44. The process according to claim43, RoEEPINESHe cat a-
15 lyst is used at a concentration ranging from0.3 to 3% by weight with
respect to the reaction solvent. 45. The process according to claim 18,
wherein the acid pronoter is selected from substances capabl e of gener-
ating H+ hydr ogeanchbed ahkyhechabmthavizg| Heem . 6 200 452 qaeben otled’s -
according to claima45, wherein the acid pronoter is selected from

i nor gani c4aci dshsuphoasssukecbuding phospldm 39 ,nivhéxeidri theralkvhror ganic
acids such as sulfonic acids. 47. The process according to claim 46,
wherei n the acbenz@hepr aret eseisctedlf fimom atoduenephoyplemesc &etrtgho, 27 WO
03/ 014014 PCT/ EP02/ 08546 48. The process according to claim 18, wherein

t he concen trakéba afidapadapyosvheibennges dmdnc@fen®. 1000 ng per kg of
reaction solvent. 49. The process according to claim48, wherein the
concers 54trattes @froaesd prowmidmg angesléimmlS) twheA@A nptiper quay- of
reaction solvent. 50. The process according to claim 18, wherein the hal o-
genat ed pronot ei ti/S oFelregd st drnsubshgasesroapabl eo abgemneraeiggthal ogen

ions in the reaction solvent. 10 51. The process according to claim 50,
wherein the haf@th respect to the reaction solvent.

42. The process according to claim 41, wherein the quan-
tity of hydrocarbons ranges from 0.1 to 10% by weight

10 with respect to the reaction solvent.

43. The process according to claim 18, wherein the cata-
lyst is used at a concentration ranging from 0.1 to
10% by weight with respect to the reaction solvent.

44. The process according to claim 43, wherein the cata-

15 lyst is used at a concentration ranging from 0.3 to 3%
by weight with respect to the reaction solvent.

45. The process according to claim 18, wherein the acid
promoter is selected from substances capable of gener-
ating H' hydrogen ions in the reaction solvent.

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

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

25 promoter is sulfuric acid or phosphoric acid.
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genated pronoter is selected from substances capable of generating brom de
ions such as hydrobromc acid and its salts soluble in the reaction nmedi um
such as wiokaloi4ve4 br om des, anmoni um brom de or sodi um br eeatEP02/085462. The
process according to claimb51, wherein the com pound is hydrobrom c acid,
sodi um brom de or potassium brom de. 53. The process according to claim
18, wherein the concen- tration of hal ogenated pronoter ranges fromO0.1 to
50 20 ng4per Kgeoproeassi ancsodimnttos5dlaithel Hir ockssebecorei agnEdnt| ai m
53, wherein the concen- tration of hal ogenated pronoter ranges from1 to 10
ng per kg of teatidonnosohvedtpr&botdhergpngesstram cod dimgl @00 chai pe1s,
wherein the reac- 25 tion is carried out at a tenperature ranging from-5

- 28 WD 03/ 014§14f PEI4EPO2A 086%6ent 0 90C. 56. The process according to
claim55, wherein the tem perature ranges from2 to 50C. 57. The process

accordi ng4b0 ctraénpbbcevbesetdrihegt eot cbaper 48 urehenapesthe onvGeno 40C.
58. The process according to claim 18, wherein the reac- tionis carried

out atsa total tpaesshr echiaghar ptbadteat masgleer ifaopr &5 we. 5G. mghpeepr ocess
according to claimb58, wherein the total 10 pressure ranges from 10 to 300
bars. kg of reaction solvent.

50. The process according to claim 18, wherein the halo-
genated promoter is selected from substances capable
of generating halogen ions in the reaction solvent.

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

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

53. The process according to claim 18, wherein the concen-
tration of halogenated promoter ranges from 0.1 to 50

20 mg per kg of reaction solvent.

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

55. The process according to claim 18, wherein the reac-

25 tion is carried out at a temperature ranging from -5
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60. The process according to claimb59, wherein the total pressure ranges
from30 to 100 bars. 61. The process according to claim 18, wherein the
nol ar r awomshyanegen/ oxygen in the feeding ranges from 1/PCT/EPS2/0854d./ 100.
62. The process according to claim®61, wherein the nolar ratio
hydr ogen/ oxygen in the feeding ranges from1/2 to 1/15. 63. The process
according to claim 18, wherein the reac- 20 tion is carried out in the
presence of antongbfCgas selected fromnitrogen, helium argon. 64. The
process according to claim63, wherein the inert gas is nitrogen. 65. The
process a6éor dThg tproddesism d8zomdimrei hot vl adanceh, Rberedni drhef téRdr ogen
in the gaseous phase in contact - 29 WD 03/014014 PCT/ EP02/08546 wth
the reacti on spkveturésrangasatned 2tta $¥afQe |ower than 4.5% nolar. 66.
The process according to claim 18, wherein the reac- tion is carried out
usi ng air s53as oxMgemroawsee. abcdrdindetpr adesisn agépr dihegetia dile nteBr
wherein the reac- tion is carried out batchwi se or in continuous. 68. The
process aCCOdeégathé|ahﬂbég,fmbﬁrebntbheoéolu- ti on of hydrogen peroxide
is used directly in an oxi- dation process of a substrate selected from
ol efins, %@, ar oABt ibeoydsocidimsi.nAM®ntaaand 163r harete icondoeindeac-
tion is carried out at a total pressure higher than
atmospheric pressure.
59. The process according to claim 58, wherein the total
10 pressure ranges from 10 to 300 bars.
60. The process according to claim 59, wherein the total
pressure ranges from 30 to 100 bars.
61. The process according to claim 18, wherein the molar
ratio hydrogen/oxygen in the feeding ranges from 1/1
15 to 1/100.
62. The process according to claim 61, wherein the molar
ratio hydrogen/oxygen in the feeding ranges from 1/2
to 1/15.
63. The process according to claim 18, wherein the reac-
20 tion is carried out in the presence of an inert gas
selected from nitrogen, helium, argon.
64. The process according to claim 63, wherein the inert
gas 1s nitrogen.

65. The process according to claim 18, wherein the concen-

25 tration of hydrogen in the gaseous phase in contact
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using titaniumsilicalite as catalyst. 69. The process according to claim
18, wherein the solu- tion of hydrogen peroxide is used to obtain aqueous
sol uti onswoasiong1a comercial titer of H202 by the re 15 mowatPo2/68seen t he
reacti on nedium of the organic conpo- nents which can be recycled to the
synthesis. - 30

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

66. The process according to claim 18, wherein the reac-
tion is carried out using air as oxygen source.

5 67. The process according to claim 18, wherein the reac-
tion is carried out batchwise or in continuous.

68. The process according to claim 18, wherein the solu-
tion of hydrogen peroxide is used directly in an oxi-
dation process of a substrate selected from olefins,

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

69. The process according to claim 18, wherein the solu-
tion of hydrogen peroxide is used to obtain aqueous
solutions having a commercial titer of Hz0, by the re-

15 moval, from the reaction medium, of the organic compo-

nents which can be recycled to the synthesis.
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