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1 ) NEW CATALYST, PROCESS FOR THE PRODUCTI ON OF ékd%é€
PERCMIDE AND | TS*USE | N OXI DATI ON PROCESSES The presenf
invention relates to a catal yst consisting of a netal of the
VIl group supported on 5 acid activated carbon functionalized with
sul fonic . groups, a process for the direct synthesis of hydrogen
peroxi de from hydrogen and oxygen whi ch uses said catal yst and
t he use of the hydrogen peroxide sol ution i n oxidation processes
catal yzed by titaniumsilicali- 30 te. Hydr ogen
peroxide is a commercially inportant product which is wdely
used as bl éaching agent in the textile and paper industries, in
t he environnent al field as a biocide and in the chem ca
i ndustry. 15 In particular the use of hydrogen peroxide is
known in the art in a series of oxidation reactions catal yzed by
titaniumsilicalite, such as for exanple t he epoxi dation of
ol efins (EP-100.119, the ammoxyna- tion of carbonyl conpounds (US
4.794.198), the oxida- 9903 7 52- 5
NEW CATALYST, PROCESS FOR THE PRODUCTION OF HYDROGEN
PEROXIDE AND ITS USE IN OXIDATION PROCESSES

The present invention relates to a catalyst

consisting of a metal of the VIII group supported on
S acid activated carbon functionalized with sulfonic

groups, a process for the direct synthesis of hydrogen

peroxide from hydrogen and oxygen which uses said

catalyst and the use of the hydrogen peroxide solution

in oxidation processes catalyzed by titanium-silicali-
10 te.

Hydrogen peroxide 1is a commercially important
product which is widely used as bleaching agent in the
textile and paper industries, in the environmental
field as a biocide and in the chemical industry.

15 In particular the use of hydrogen peroxide is
known in the art in a series of oxidation reactions
catalyzed by titanium silicalite, such as for example

the epoxidation of olefins (EP-100.119, the ammoxyma-

tion of carbonyl compounds (US 4.794.198), .the oxida- .
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2 tion of amonia to hydroxylam ne (US 5.320.819) and the

hydr oxyl ati on of aromatic hydrocarbons (US 4. 369. 783) Ceneral ly
sol utions of hydrogen peroxide are used, obt ai ned by synthesis
processes which are based on the 5 alternating oxidation and reduction of
al kyl ant hr aqui - nones. These processes however, have
substanti al disad- . vant ages derivi,ng fromthe cessity of operating
with | arge voldfBsCored & h?ﬁ§gﬁﬁﬁépéﬂ§ épgpg'}%ﬂnﬁ%%ﬁianclﬁgﬁhe
relatively high cost .of the interpedi ates, and the production of

i nacti ve by- producfi¥droxylation ok arematiq hysirrGaihYtesdis 486 9+HE3) -

synt hesi s of hydr ogen peroxi de have been proposed in the art, anong
whi ch those using a cat ‘gw@r%l%ys%@mtcm &fi hydspggn nerewiie anst dised,
preferably palladium supported on a carrier, for the direct synthesis
of hydrogen peroxi getainedfbynsiyichetion prutanggemhich are basEdr cexahpl e,
U S. patent 4.772.458 describes a process for the synthesis of

hydr ogen per oxi 8e abhfehnaRing useidat ot adryds trdehsed an qfalla¢il eachvppgaited
on coal, in which the reaction is carried out in water in the

presence of hydrogesnesns and brom de ions in a nolar rati o of at

| east 2: 1. The Herr] and Br[err] ions are supplied as a

combi nation 25 of a striage asiécss88s ARomeéL] | RavBNaEBEPEAEialYdi8ad-
vantages deriving from the necessity of operating with
large volumes of reagents, the numerous steps required,
10 the relatively high cost of the intermediates and the
production of-inactive by-products.

As a result, other processes for.the synthesis of
hydrogen peroxide have been proposed in the art, among
which those using a catalytic system consisting of a

15 noble metal, preferably palladium, supported on a
carrier, for the direct synthesis of hydrogen peroxide
from hydrogen and oxygen.

For example, U.S. patent 4.772.458 describes a
process for the éynthesis of hydrogen Qeroxide which

20 uses a catalyst based on palladium supported on coal,
in which the reaction is carried out in water in the
.presence of hydrogen ions and bromide ions in a molar
ratio of at least 2:1.

The H' and Br® ions are supplied as a combination

25 of a strong acid such as sulfuric, phosphoric, hydro-



3 chloric or nitric acid, and a brom ne salt. Quantities of

acid ranging from2.5 to 10 g/litre are generally required to obtain
hi gh concentrations of Herr]Jerr]. 5 The use of high
quantities of acid, in addition to creating problens of a
technol ogi cal nature, for exanpl e corrosion of the autoclaves, also
causes serious problens relating to the dissolution of the active
phase (nEtal) of E%QCQQEQQM351EQ1Eh§c19aC hﬁn %Qo&&ﬁbughlﬁﬂth a Consequent
reduction in the activity and the catal yst 1tself.

The netal dissol ved inthe reaey g?hgg%uggn% ng PRLEOYCE chsigli {figpLL O

recover wwth the recycling availab

addition, the progess era under_critic .conditions_as.
concentrations of ﬁfe?gﬁe§ag$¥(5%$ﬁﬁfﬁ# fain hlﬁﬁtﬁ°?€§555?éf8n?h%f
reaction m xture, e used whi ch IS therefore Wi thin the explosivity

limts of H[err]/@? m xtures. 20 U S patent 4.889.705
relates to an |npro process for the synthesis of hydrogen

per oxi de in which TpﬁeuﬁFe?F]h%ﬁﬂiQ¥qQQ#HIQ§M9§ éFédsubEI?@@lH+@@c§¢y as
HBr . Operating according to this process qhantltles of Br[err]

i ons of nore thanC¥EREANE nBKEBLEMSr eChr edr egefiealegical oprtire hydfeyen |

per oxi de. The use of high quantities of
example corrosion of the autoclaves, also causes

serious problems relating to the dissolution of the
active phase (metal) of the catalyst in the reaction

10 medium, with a consequent reduction in the activity and
life of the catalyst itself.

The metal dissolved in the reaction medium,
moreover, is difficult to recover with the recycling
methods at present available.

15 In addition, the process operates under critical
conditions as concentrations of H, > 5% (generally 18%)
with respect to the reaction mixeure, are used, which
is therefore within the explosivity limits of HZ/O2
mixtures.

20 U.S. patent 4.889.705 relates to an improved
process for the synthesis of hydrogen peroxide in which
the H" and Br  ions are supplied directly as HBr.
Operating according to this process quantities of Br’
ions of more than 10 moles/litre are required to

25 obtain hydrogen peroxide. The use of high quantities of



4 hal i des creates problens of instability of both the cat al yst
netal and the hydrogen peroxide solution pr oduced. To
overconme these drawbacks alternative processes 5 have been proposed which
can be carried out w thout acids and/or bromne ions in the reaction
medi um For exanpl e, patent appli.cation EP-492. 064 de-

scribes a process for the synthesis of hydrogen perox- i de from

hydrogen and oxygga; jWRisCh-Msasa SALBLYSE O %&%%&aﬁlbﬁd%@ﬁu&?@”ed

on a hal ogenated resin, in particular a brom nat

styrene/ di vi nyl be Si e iLon | | ed I n
water, in the eggrgg es(r%celq% a%an %rtlzclld tshe egﬁ’g%%%Fg’m é%??%#i% sp??i(;lgtb Ot i C
or nitric acid. %E?Ligggmﬁth this process however, 15 concentrations of
Herr]Jerr] of aboul G58% ar e obt ai ned. EP-504741 describes a
and oxygen whi ch uses

grg;szf for the synthe%hs of F%O% fron1£%$%og%ﬂ :

yst based BXPFSAPEnt BFSHI AF 7Y BpPor R OV APERSF T
superacid carrier_selected fromnolibden, zirconiumor 20 tungsten oxides.
The reaction is cARVPedPSHR PFORRISS , Whight k@n be pREEZEAGeONL avigrhmidt er
selected frombromne salts in gquantities of nore than 0.1 mml es/| of
reaction ni xBgies epd/ari hgoméner dPRY LB thesrprotier mgdivgen

For example, patent application EP-492.064 de-
scribes a process for the synthesis of hydrogen perox-
ide from hydrogen and oxygen, which uses a catalyst

10 based on palladium supported on a halogenated resin, in
particular a brominated styrene/divinylbenzene resin.

The reaction is carried out in water, in the
presence of an acid selected from sulfuric, phosphoric
or nitric acid. Operating with this process however,

15 concentrations of H,0, of about 0.58% are obtained.

EP-504741 describes a process for the synthesis of
H,0, from hydrogen and oxygen which uses a cétalyst
based on palladium or platinum supported on an acid or
Ssuperacid carrier selected from molibden, zirconium or

20 tungsten oxides_.

The reaction .is carried out in water, in the
presence of a promoter selected from bromine salts in
quantities of more than 0.1 mmoles/l of reaction
mixture. Operating according to this process hydrogen

25 peroxide is obtained in concentrations not higher

&



25 peroxide is obtained in concentrations not higher

5 than 1% U S. patent 5.320.921 describes a process for

t he synt hesi s of H202 from hydrogen and oxygen which uses a _
cat al yst based on palladi umor platinumssupported on a 5 heteropolyacid
made insoluble in water. The reaction is . carried out in water in the
presence of brom ne ions (0.5 nmml es/litre of sodium brom de).
Quantities of H egrhel err] equal to about 1.1% are obtai ned.

These processes of the known art, therefore, do 10 not have-a

productivity, referring ig0 bQ%eﬂﬁaQPEEM,QEI dFchXﬂEQQQ”pPSEQ§%d§?PTQggced’

which is sufficiently high or their applrcation on anlln us r!g t
scale to be of ' L es Jhere is_cgnseguent!|y.an eviden
necessity for 158¥BF? g%%ihgrgééngﬁgg FKB?HSePiSP 8%9?38 ﬁﬁbﬁﬁc?f%ﬁ Bf
hydr ogen per oxi de een found that it is Egs ible to

[t. h
satisfy these den%ﬁangFttHgsﬁﬁoﬁﬁsgggT%alH@aﬂg Brahinum suppgreedngn a

conveni ent proges ich is based on the use 20 of a catal yst consisting
of a netal gf roﬁﬁ%%FPPO&Ya01§uﬁﬁ ¢ tRFOHIS dhBitest-edheaFpaation is
functionalized with sul foni c groups. The use of
functional i zed actRVEEed C¥thdM dpter in thenprgserceacifd Huowinenions

directly bound to the surface_. _ _ _
(0.5 mmoles/litre of sodium bromide). Quantities of H,0

2
equal to about 1.1% are obtained.
These processes of the known art, therefore, do
10 not have-a productivity, referring to the quantity of
hydrogen perogide produced, which is sufficiently high
for their application on an industrial scale to be of
interest.
There is consequently an evident necessity for
15 further improvements in the field of the production of
hydrogen peroxide.
It has now been found that it is possible.to
satisfy these demands of the known art by means of a
simple and convenient process which is based on the use
20 of a catalyst consisting of a metal of group VIII
supported on acid activated carbon functionalized with
sulfonic groups.
The use of functionalized activated carbon con-
taining the acid function directly bound to the surface

25 and not released in the reaction medium has signficant



25 and not released in the reaction nmedi um has signficant

6 advant ages, in particular: (i) the possibility of using
extrenely | ow quantities of halides (< 10[err] noles/litre); (i)
the possibility of operating w thout free acids or 5 in the presence of
traces of free acids (Herr] < 10[err] 6 . noles/l); (iii) the
production of a stable catalyst; the quantity of noble netal in
solution is | ess than par t ion (ppb); 10 (iv) the-

arts .per ) il
production of stab ggglﬁ%ﬁsdn§nopaﬁ§dF83€ﬁ: per oxi de; (v) the
production of solytions of hydrogen peroxide in hi gh. concentrati ons.
This is an advantgdé F%F §Hﬁé§&ﬂgﬁﬁyhéﬁg'%ﬁ14QEﬁ¥§¥$%§¥X low qwanpgkidasi on
processes, as internediate processjng _opera- tions such as, for
exanpl e, the renof&l Petissisyveist 40 moleg/d ikgelriequired. In particular, the
concentration of hydr ogen peroxi de whi ch can be obtained with the
process of the prddént thaveassbhilithighlopemipatd MichoR@ Wirek acddsest use
in oxidation reactions catal yzed by titaniumsilicalite, wthout
requiring concéntiatittme preseneps.of traces dihefpeesentieiof (ghl v tr@ées

of halides and acidity
moles/1) ;
(iii) the production of a stable catalyst; the quantity
of noble metal in solution is less than 3 parts per
billion (ppb);
10 (iv) the production of stable solutions of hydrogen
peroxide; |
(v) the production of solutions of hydrogen peroxide in
high concentrations.
This is an advantage for subsequent uses of H,0, in
15 oxidation processes, as intermediate processing opera-
tiops such as, for example, the removal of solvents,
are not required. In particular, the concentration of
hydrogen peroxide which can be obtained with the
process of the présent invention is highly compatible
20 with a direct use in oxidation reactions catalyzed by
titanium-silicalite, without requiring concentration
steps.
The presence of only traces of halides and acidity
is not a disadvantage for direct use in the above
25 reactions, as the possible introduction of salts or

[



is not a disadvantage for direct use in the above 25 reactions, as the
possi bl e introduction of salts or 7 .
acidity in downstream processes is mnimzed. I n accordance with
this, a first aspect of the preseni invention relates to a catal yst
consi sting of a netal- of group VIIT supported on an acid activated 5
carbon functionalized with sul fonic groups. A further object of

the present inventicqmiils) alfHownst Aol pFeRAd Lot of e naRRRAL I on of an
activated carbon functionalized wth sulfonic groups. The

present invention al so fel Ates fhan fethvened 10 ?Jg{FQQr‘afsg%%tti ? alsié%ggn

with sulfonic groups and its use as a carrier catafysts

net al s. t ot j ec f . the present_invention . .. relates
to a process for F%%ﬁﬁﬂ%u%?&%ﬁg% %? ﬁ&§%1é% e %ﬁﬁ%;]éka%ﬁ%ﬁ%??iP?r%ﬁh
hydr ogen and oxygen, i.n 5 _solvept:_in the presence of a pronpter and a
catal ytic sy&t t%%ﬁs?%t?ﬁaugfGéIHEFHPp8FE8ﬁOEE‘ﬂqIa%H%p%?T%HaBﬂS-

a carrier, characterized jn that said carrjer i.s an acti vat ed carbon
functional i zed*wi CRE: W(ﬁHQFRﬁ9§§§§?Ed with sulfQBig, g¥eHPSi-nventi on

additionally relates to the 20 use of solutions of hydrogen peroxide
obt ai ned as descr Poddriberecbicsh o%i Baei PReprBE cERVERE bPy Zealates

titaniumsilicalite. Further objects of the present invention are
to a method for the preparation of an activated carbon

functionalized with sulfonic groups.
The present invention also relates to an activated
10 carbon functionalized with sulfonic groups and its use
as a carrier for catalysts based on metals.

Yet another object of the present invention
relates to a process for the production of hydrogen
peroxide starting from hydrogen and oxygen, in a

15 solvent,; in the presence of a promoter and a catalytic
system consisting of a metal of group VIII supported on
a carrier, characterized in that said ca?rier is an
activated carbon functioﬁalized with sulfonic -groups.

The present invention additionally relates to the

20 use of solutions of hydrogen peroxide obtained as
described above in an oxidation process catalyzed by
titanium-silicalite.

Further objects of the present invention are
evident in the following description and claims.

25 Examples of activated carbon which can be used for



evident in the follow ng description and clainms. 25 Exanpl es of
activated carbon which can be used for

8 t he purposes of t'he present invention can be sel ected from
activated carbon available on the market with a surface area of at

| east 100 nR/g. Activated carbgn.with a surface area higher than
5 300 n2/g is preferably used. ‘ The activated carbon used can be
in the form of theppmaiposegr afeshepgidestent efrvention can Bdeselédwved ed
carbon can be used as such or it is pretreated by washing with a

di l uted sol ution, fgemeraltivated loadirinvesra il a5k 1860 byieWaiagiler Gfi@fugous
hydr ochl ori c acid, at 50-80[err]C. The functionalization is

carried out with gurfacesubbanati ag agest poef@eably selected fromsulfuric
acid, Sgerr] or oleum 15 The functionallZation of activated
e

carbon is gener aphby i G8EEHCEaPHbNUR RY %‘Mﬂﬂ?ﬁté‘gﬁéaﬁﬂgﬂ td
prefer y between

agent : activated carbon ranging from1:20 to 20: 1,

1:5 and 5:1. g5 300 p2/Abed éfﬁggﬂf | Qp reaction is carried out at 20
a tenperature ranaing“?%%n153?€rr t&zgg%%grr]c, paeferably I tfrom
70[err]C to 200[err]C, r i of tine selecte n . re ion to
the tenperature and suFPgnggfﬁgggégnférbon uSE§3ﬁ$% %%tﬁ?a?@& é%Qﬂn?éhus

treated is then “88Q Qr, granes, pellets, etc.

The activated carbon can be used as such or it is
pretreated by washing with a diluted solution, general-

10 1ly between 1 and 10% by weight, of aqueous hydrochloric
acid, at 50-80°C.

The funétionalization is carried out with a
sulfonating agent preferably selected from sulfuric
acid, SO; or oleum.

15 The functionalization of activated carbon is
generally carried out using a weight ratio sulfonating
agent:activated carbon ranging from 1:20 to 20:1,
preferably between 1:5 and 5:1.

The functionalization reaction is carried out at

20 a temperature ranging from 50°C to 350°C, preferably
from 70°C to 200°C, for a period of time selected in
relation to the temperature and sulfonating agent.

The activated carbon thus treated is then washed
with water until neutrality of the washing water. The

25 functionalized activated carbon is subsequently treated



with water until neutrality of the washing water. The 25 functionalized
activated carbon is subsequently treated

9 with an oxidating agent. A diluted aqueous sol ution of H202
(1-4% by weight) is preferably used, mntg a wei ght rati o sul f onat ed
car bon: H202 sol ution ranging from 1: 10 - to 1:100, preferably between
1: 20 and 1:50. 5 The resulting suspension is maintained, under

stirring, at a tenpeitdd et ity Hgane30 A @110 tlfGeous SOFIL%H%E-@QJEY
from50 to 70[err]C, for a period of tinme ranging from1l to 4 hours.

It is then filteregdo washed p )l U AARIAY AR O sIhe 20¥ed g
agent in the 10 \Nésﬁ:Ngg vat er we%ﬂf s) then dried a'fya terrperla ture o

rangi ng from 100[6;55[._11(5 tsqlljéQ{a ca:zb arbon : H.O nsso'li(rg‘%eC rr%%] L %t[jo%n 1of1 of he

functionalized acti vat e on by ﬁe%l ot oe ron

spectroscopy PS) % Rr nce of eak act eristic of
15 GSJerr]H grout(p?;( 146, %aée‘f yn:b[{t 3FSS X %p ba}rbd %)r ‘ovi di ng

i nformati on on hem caI eC| es gresent on the surface of a solid
% nm ap%

sanple (within 8 oRPEBERBHCORt st ®s Maintadmed coMpgey
el ement, and al so on the Ilgands of a 20 particular atom in fact the
position of the sifidring, at ﬂeF@F‘HﬁﬁéH‘%? FREIEMEC thram S LxeRare °firt h

t he environ- ment . The sensitivity limt for sulfur can be
esti mat ed preferably from 50 to 70°C, for a period of tlme

ranging from 1 to 4 hours. It is then filtered, washed
until the disappearance of the oxidating agent in the

10 washing water and is then dried at a temperature
ranging from .100°C to 120°C.

The characterization of the functionalized acti-
vated carbon by means of photoelectron spectroscopy
(XPS) reveals the presence of a peak characteristic of

15 C-50;H groups.

This method is capable of providing information on
the chemical species present on the surface of a solid
sample (within S nm approx.), on the oxidation states
of a certain elerﬁent, and also on the ligands of a

20 particular atom, in fact the position of the signal is
determined by the electronic exchange with the environ-
ment.

The sensitivity limit for sulfur can be estimated
at about 50 ppm in the volume analyzed (1257 microns? x

25 5 nm). The analysis is carried out in ultra high vacuum



at about 50 ppmi
analysis is carri
10 (UHV) (10
absorbed on the s
chem cal ly bound
el ectric conducto
surface el ec-
axi s of the "Bindi
as they have been

n the volunme analyzed (1257 mcrons[err] x 25 5 nm
ed out in ultra high vacuum

[er]r Torr) and consequently the species physi-

urface are elimnated and the essen- tially
species are anal yzed. 10 . As the sanples are good
rs, the analysis is not affected by problens of

(UEVdst 6Q° i (':If%c”rrde anth CPEAaURIET Y oe rerer iR BRvshe

The

ing Energies"” are therefore not i nfluenced by error,

apgbiripest ezh viilteh surfacen apprepbiminatehtarhathet ansend.

10 Sem -quantitative analysis (atomc % provides the atom c
concentrations of takl Iyhehdrdmilly poesentspekbdes are anhéygedsitivity limt

except” for hydrog

en whi ch cannot be det erm ned. Hi gh

resol ution anal ysis of Ashelsdllddnplesgnate (dood 1ol givaeic | ashdadtons, othd he
envi ronnent . Figures 1 and 2 show the enlarged

andl19R8.s lis Gt hes ety a8l thadblidies it falir Pdcd hersanpl e

relati ve chem ca
peak of sulfurg
of sul fonated act

ivated carbon is symetrical wth an enl ar genment of

about 3 eV (Bindi 'EQo%Q%rtQ.)Q  cRd¥ge . 2Fhd NgbSR! E%s&ﬁ?oﬁée%%%‘?cd%fd intyocal

het er ogeneous species on he surface. he pOSI tion in

energy of the peagxquI ggm (:9198 ABler%lfv)E!ne%M'edare therefore not

but energetically

10

15

20

25

influenced by error, as they have been calibrated Qith
an appropriate internal standard.

Semi-quantitative analysis (atomic %) provides the
atomic concentrations of all the elements present above
the sensitiviéy limit except for hydrogen which cannot
be determined.

High resolution analysis of the sulfur signal (S)
gives indications on the relative chemical environment.

Figurés 1 and 2 show the enlarged peak of sulfur
alone. It can be observed that the sulfur of the sample
of sulfonated activated carbon is symmetrical with an
enlargement of about 3 eV (Binding energy); this
indicates the presence of a univocal but energetically
heterogeneous species on the surface. The position in
energy of the peak maximum (168.4 + 0.2 eV), compared
with the data supplied by the reference handbook
(Handbook of XPS, ed J. Chastain, PE Corporation, MO
USA, 1992, pages 60-61) inequivocably indicates the

-10-



with the data supplied by the reference handbook (Handbook of XPS, ed
J. Chastain, PE Corporation, MO 25 USA, 1992, pages 60-61) inequivocably

i ndi cates the presence of a sulfur species of the
sul fonic type (-Serr]OH) which is expected between 167-169 eV. This
speci es cannot be confused with sulfur ofithe sulfide type (161-163

eV), or with sulfur of the sulfate type 5 (169-171 eV).
Qperating as descr| in t expenidrent exam | es _below
ProSrart Siocn REISHE AeatieT g ncBeCupRaroton BhPSor

functionalized activated carbon i's™0
0.3 to 0.5% by wei,qg i.th_ .. . respect to the carrier. _10 However ,
| ower or hi gher qda%@#ﬁ%és“?ﬁéﬁlth%sgxPeC%egal e BE7rhfPodicedThis
dependi ng on the starting carrier and operating conditions. .
Quantities of sul ?BFcrlﬁﬁgicr?dlrfortoﬁ?%.cfr’c%“sf%%’d’;}‘ sul fykj gt the esulfidei ent
for the purposes of the present 15 invention. The cat al yst of
the present invent¥BR i{d6drdfsr &) or witdupporiyngeh Hee asubfate ouypa/ | |
on activated carbon functionalized as described above.
Non-limiting eRanmplL€8-8f1meVal-s of group VIII are 20 selected from
pal | adium platinum ruthenium iridium rhodi um or conbi nati ons of
t hese. Pall adi um or pl @pPematning asardesmsefedablry tisedexiatimshtsm | éxam-
particularly pre-
ples below, functionalized activated carbon is obtained
with a sulfur content of 0.3 to 0.5% by weight with
respect to the carrier.

10 However, lower or higher quantities than these
values can bg introduced depending on the starting
carrier and operating conditions.

Quantities of sulfur ranging from 0.1 to 1.0% by
weight are sufficient for the purposes of the present

15 invention.

The catalyst of the present invention is prepared
by supporting a metal of group VIII on activated carbon
functionalized as described above.

Non-limiting.examples of metals of group VIII are

20 selected from palladium, platinum, ruthenium, iridium,
rhodium or combinations of these. Palladium or platinum
are preferably used. Palladium is particularly pre-
ferred.

The quantity of metal supported on functionalized

25 activated carbon is between 0.05 and 5% by weight,



ferred. The quantity of metal supported on functionalized 25
activated carbon is between 0.05 and 5% by wei ght, .

12 preferably between 0.1 and 1% by wei ght. ~The preparation
of the catalyst of the present i nvention can be carried out by neans
of 1 npregnation or adsorption of g soluble salt of the netal,

opti onal - 51y followed by a reduction phasg of the netal wth .
hydrogen or cheniREFEPE}RLY nBehyesR 0 - hcawd dl hgPy owe haght . convent i onal

t echni ques. Metal salts selected fromacetates, halides and

oxal ates are preferablJhes@gepargtion ofTheheatcaltpdtyssf ohetpeegemsent
invention'is particu- larly advantageous in a process for the direct
pr epar a- ti omogntiyonogan per oardéedlr onthpgr ogpemsand dnygesyrdtion a
solvent in the presence of a pronoter selected from ~hal ogenat ed
conpounds. 15 or adSwrptidmlofSta sbiubledsalt ofatled idttal Juptiddas
generally ranging from10[err] to 10[err] noles of netal contained in

the catalyst er lytEelobwedady 08 Fediudion phase ofdVAY agepys hASW ts
are obtained using quantities of catalyst ranging from1l0[err] to

L0lerr] ol es ofhyeidien 20 conbiiaind Jdudd i Ao, RRledidigy o gacti on
e )

medi um reaction solvent is sel’ectted from

al cohol s, or m xtdyrRfe D 1 L& echniques.

Metal salts selected from acetates, halides.and
oxalates are preferably used.

10 The catalyst of the present invention is particu-
larly advantageous in a process for the direct prepara-
tion of hydroéen peroxide from hydrogen and oxygen in
a solvent in the presence of a promoter selected from
hélogenated compounds .

15 The catalyst 1is used in catalytic quantities
generally ranging from 10® to 102 moles of metal
contained in the catalyst per litre of reaction medium.

Advantageous fesults are obtained using quantities
of catalyst ranging from 10™% to 103 moles of metal

20 contained in the catalyst per litre_of reaction medium.

The reaction solvent is selected from water,
alcohols, or mixtures of these.

Examples of alcohols are methyl, ethyl, isopropyl
alcohol. Methyl alcohol is preferred.

25 A mixture of water:alcohol with a weight ratio



Exanpl es of al cohols are nethyl, ethyl, isopropyl al cohol . Met hyl

al cohol is preferred. 25 A m xture of water:alcohol with a weight
ratio 13 ranging from99/1 to

1/ 99, preferably between 90/10 and 5/95 is preferably used.

Exanpl es of pronoters are selected from conpounds of brom ne such as
hydr obrom ¢ aci d, sodi um brom de, 5 pb@assiun1bronide, sodi um bromate or

orom ¢ ach , : : |
anmoni um broni de rangiRE EPBROGEAS ﬁwgqrbgsfé%g%ggﬁ%g%&g %6‘}96 A&

pot assi um chl ori de, am®dni um chl ori de. S 0 romne are

preferred for the pos- - f _present invention. Particularly
preferred -are 105235rg%r8§$£ea§?é? g% ?un1bronide and potassi um brom de.

A quantity of pronoter ] rmal Ly e ch is such as to give, a
concentration of haIidgkggﬁeggaﬁ%rgggmgtx? dﬁrﬁlﬁ%$?ﬁt?§hé%??mﬁOWéﬁqqgﬁﬁ
reaction nmedi um ef er ahl a concentratipn ranging from10[err] to
10[err] nol es pergkigF mlﬁ%(ﬁ“ﬁ%ﬁﬁﬁiﬁﬁgﬁ%ﬁﬁﬂﬂ%c acid, %Od*H@ : q@ﬂ of
hydrogen peroxide is effected by reacting oxygen and hydrogen in the
reaction nediuﬁ]iROtass*PﬁegﬁP@%QﬁceSGﬂlPWebEQWéF?SPraﬁﬁmEM@Wm rogHdean t h
or W t hout an inert gas (for exanple nitrogfn), generally 20 at a
total pressure highercamReirdsoSfheehtopivgsuch as agediwmf atdlsinidset ween

50 and 300 at nospheres.
potassium chloride, ammonium chloride.

Compounds of brdmine are preferred for the purpos-

es of the present invention. Particularly preferred are
10 hydrobromic acid, sodium bromide and potassium bromide.

A quantity of promoter is normally used which is
such as to give a concentration of halide ion of more
than 107 moles per litre of reaction medium, preferably
a éoncentration ranging from 10°¢ to 10°* moles per litre

15 of reaction medium.

The production of hydrogen peroxide is effected by
reacting oxygen and hydrogen iﬁ'the reaction medium in
the presence of the catalyst and promoter and with or
without an inert gas (for example nitrogen), genéraily

20 at a total pressure higher than atmospheric pressure
and preferably between 50 and 300 atmospheres.

The molar ratio H,/0, is between 1/1 and 1/100,
preferably between 1/5 and 1/50 and the concentration
of hydrogen in the gaseous phase in contact with the

25 liquid reaction medium is conveniently maintained at a



The nolar ratio Herr]/Jerr] is between 1/1 and 1/100, preferably
between 1/5 and 1/50 and the concentration of hydrogen in the gaseous
phase in contact with the 25 liquid reaction nmediumis conveniently

mai ntai ned at a 14 val ue of |ess
than 4.5% nolar wth respect to the 14 eaction mixture, outside the
explosivity limts of the Herr]/Jerr] mxture. Accor di ng

to an enbodi ment of .the present inven- S5 tian, the reaction can be
carried out usingva%PeiﬁE{eiﬁss tht furéd d%@ﬁ?ﬁ.W1t5 reSpeﬁﬁeQ?edgF?on
is typically carried out at, tenpera- .. tures ranging fromO erré t.0
90[err] C, .preferaSF?CBéP%e’@thgEe' outgiie dihs prelosiyity ?lmh Stfe W of
the reaction, the solution contain- i ng hydrogen peroxide is recovered
and the catal yst Hg/O, mixdagr.ated and recovered by filtration and recycl ed
to the subsequent reaction. The process of the present
i nvention can be 15 carrcpadiogt tion apatestrodimemte et i theorreasigy dineno t he
conventional techniques. The resulting solution of hydrogen
peroxi de can bB tionustbeasesathonHmwe\er carfriedcestanyging ain bestead
subj ect ed to concentration operations to renove the solvent by 20
di stillation. of pureTbaypeacess of the present invention enables the
The reaction is typically carried out at tempera-
tures ranging from 0° to 90°C, preferably between 15
and S50°C.
10 At the end of the reaction, the solution contain-
ing hydrogen peroxide is recovered and the catalyst is
separated and recovered by filtration and recycled to
the subsequent reaction.
The process of the present invention can be
15 carried out in batch or in continuous according to the
conventional techniques.
The resulting solution of hydrogen peroxide can be
used as such. However, if necessary it can be subjected
to concentration 6perations to remove the solvent by
20 distillation.
The process of the present invention enables the
reagents to be transformed into H,0, with high conver-
sions and selectivities, obtaining solution of H)0,

without acidity or containing only traces of acidity

25 and salts.



reagents to be transforned into H202 wi th hi gh conver- si ons and

selectivities, obtaining solution of Herr](err] W thout acidity or
containing only traces of acidity 25 and salts.

15 The sol utions of hydrogen qeroxide t hus obt ai ned can be
used directly in oxidation processes whilch i nvol ve the use of
Herr]derr] wthout conplex internediate processi ng operations such
as the renoval of aci dgh@ngolubisAkvent fydrogen perokldealthiugUlcdta iRl
hydr ogen peroxi de sol utions obtained with tﬁe process of the present

i nvention can _caR® pesedsdidr egl Fyct Dy 0xirdabk9Ra P BRESSESc 88 AL Y280 Y
titaniumsilicalite as described in the patents cited 10 above, as they
are highly compali o1 et RutNQdPtofUio, wi diEAG! | 8BnBRBR! Lir¥iridh 1Y N

t hese processes are carried out wfth respect to:

concent ration of MELLIGLEL Il d 8 0L Hbl UL cne rend i ASYNGHLTana

acidity or the presence o races acidity or S -~ the
conposition ofsthe folvqgt medi um consi sting of wat er, al cohol s or
their mxtures i@ WaeSrange of ratios. The use of

hyr dr ogen peroxi de sol utions i.n gxida- tioon processes, conprises the

20 ,
fol | owi ng steps: ¥y PREEFEHRG hyehog 8 IpersR REFDXIRR SeddttioRsof

obtained with the process of the present invention can

be used directly in oxidation processes catalyzed by

titanium silicalite as described in the patents cited
10 above, as they are highly compatible with the optimum

reaction conditions in which these processes are

carried out with respect to:

- the concentration of H,0, in the solution;

- the absence of acidity or the presence of only traces
15 of acidity or salts;

- the composition of the solvent medium consistiné of

water, alcohols or their mixtures in a wide range of

ratios.

The use of hydrogen peroxide solutions in oxida-

20 tion processes comprises the following steps:

(a) preparing hydrogen peroxide by the reaction of

hydrogen and oxygen in a solvent containing a promoter,

in the presence of a catalyst consisting of a metal of

group VIII supported on acid activated.carbon functio-

25 nalized with sulfonic groups;



hydrogen and oxygen in a solvent containing a pronoter, in the
presence of a catal yst consisting of a netal of group VIIIl supported
on acid activated carbon functio- 25 nalized with sulfonic groups;

16 (b) recovering the reaction m xture containing hydro- gen
per oxi de; (c) putting the reacti0f§n1xture cont ai ning H202 in
contact with a substrate selected fromolefins, aromat- 5ic

hydrocarbons, anmmmpj)a aRGERADNY ltHeOHRABRISn hixthee contaiﬁﬁgcsy@#oa |
cat al yst based on tltanlun}S|I|caI|te to obtain the desired oxi dated

product ; (d) Egp?%ggggaéhe oxi dated product fromthe reaction
m xture of. step ¢ and 10 (e) recycling the possible non-reacted

substrate in . Cﬁf}% tDffe T G2 lt%ns%ﬁ@endré NcShEREn g 2oL) in

Exanpl es of titaniu es mhlc can be ‘use p&rboses of

t he present |nvent|on c cted fro n|u Si alites. wth
an MFl struc- 159 &;éic hbgds’ilﬁ {:ﬁ t% S'§lepar[:1t ent rEm %egé‘fg ?‘Hat

same tltanlun}5|llcakltes nmodified with triv net al s such as, for
exanpl e, al uni fumiS PEATOGEFERNSy ammonb%l‘Trﬂ%rﬁarﬁ%“ﬂatctogpoé‘r”élsdeéerFIB"ed in
Eur opean patents 226. 257, 226.258 and 266. 825, 20

Ti tani um si | i cal | PEESFHNOE &F FECSALYStePaBgfaPR titanium-silicalite to

obtain the desired oxidated product;
(d) recovering the oxidated product from the reaction
mixture of step c¢); and

10 (e) récycling the possible non-reacted substrate in
step c) and the reaction solvent in steps a) and c).

Examples-of titanium-silicalites which can be used
for the purposes of the present invention can be
selected from titanium-silicalites with én MFI struc-

15 ture described in the U.S. patent 4.410.501, or the
same titanium-silicalites modified with trivalent
metals such as, for examble, aluminum, iron, boron or
gallium. The latter are described in European patents
226.257, 226.258 and 266.825.

20 Titanium-silicalites with an MEL or intermediate
MFI/MEL structure described 1in Belgian patent
1.001.038, can also be used.

The preferred catalyst according to the present
invention is titanium-silicalite having the formula:

25 xTi0, (1-x)§i0,



VFI / MEL structure described in Belgian patent 1. 001. 038, can

al so be used. The preferred catal yst according to the present
invention is titaniumsilicalite having the formula: 25

xTierr] (1 -x) Sigerr] 17 wher ei n
X represents a nunber between 0.0001 and70. 04. The above titani um
silicalites can be prepared according to the nethod described in the
U S. patent whatddih(l repwdseft$ hei mushetidamvaderc tartamlerarst idcco4ar e

5 al so specified. The quantity of catalyst used as well as the
reaction conditions arghéelageted ticdwl@hi eAliealihees caslbsér aregardde

oxi dat ed. - In particular, the epoxidation of olefins can be 10
carried out as degcddRethdntbhe neat@ithddP-ddbrdildhd The the USE.Ofpatent
hydr o- al cohol i ¢ sol uti on of hydrogen peroxide obtained with the process
of the present inyed 9oy in 4EH %%%sgxré&gmléhéf@c%@féé Q3-e0f

ol efins an i nprovenent in the selectivity, at the same tine

sinmplifying t 0. ons ownng to the sub- stantlal absence
of acidity an oﬁiggf %p%ﬁ ﬂéaln hi g concentrations, interfere with

cbtained | owith onilPer SRR %‘. S otesd” ePhPehE: Fhar e
that of Conwerm6¥e£1é¥g en %ltébge éggig%iggged in relation to the
substrate to be oxidated.
In particular, the epoxidation of olefins can be
10 carried out as described in the patent EP-100.119. The
use of a hydro-alcoholic solution of hydrogen peroxide
obtained wit1:1 the process of the present invention
advantageoﬁsly allows in the epoxidation of olefins an
improvement in the selectivity, at the same time
15 simplifying the process operations owing to the sub-
stantial absence of acidity and/or salts which, in high
concentrations, interfere with epoxidation reactions.
In fact, a solution of hydrogen peroxide is obtained
with only traces of acidity (pH about 4-6, higher than
20 that of commercial hydrogen peroxide) and without
stabilizers.
In the case of an ammoxymation process, (cyclo-
hexanoneoxime from cyclohexanone, H)0,, ammonia), the

use of a methanol solution of hydrogen peroxide,

25 1instead of terbutanol (TBA), allows a simplification in



stabilizers. In the case of an anmmobxymati on process, (cyclo-

hexanoneoxi me from cycl ohexanone, Herr](Qerr], amonia), the use of a
met hanol sol ution of hydrogen peroxide, 25 instead of terbutanol (TBA),
allows a sinplification in 18 t he
separation section of cycl ohexanoneoxi 8 and recycling of the solvent
(met hanol) as, unlike TBA, it does not form an azeotropic mxture with
wat er . dhe &ebhewtAgn exaeRrlies oMOSE cIBHHASHNdSKidd amd
describe the present invention in better detail, should in no may be
interpreted as |ipdéy89ih8ecgCORe 9&1&&% (metméwsmla@@ i4$el ke TBA,
EXAMPLE 1. 10 Functionalization of carb 0 g of acti vate

Taritine pi newoodsas bagei Borm aan%%SErEﬁ:J}%%@ &Mea&&ﬁh%gsg into a1l

litre gl ass ask containing 6 an aqueous sol ution of HCL

at 5% by weight. The s{jrr egoffégfﬂgl O&ﬁérﬁﬁfégug%hé%egg‘“g%‘%géé] %C%aqbom

mai ntai ned at this terrperature

emperature (20 25LELELQ chiSroaans YRRIRIN if biLigeskend) [hs. g por
chlorides and drIEd Ig %Qyo%%nl%ke%%g %E&]gsf 1m§t2%%r%he scope of the
invention itself.
%k K K ek
EXAMPLE 1
10 Functionalization of carbon
20 g of activated maritime pinewood carbon in
powder form éCECA) are charged into a 1 litre glass
flask containing 600 ml of an aqueous solution of HCl
at 5% by weight. The stirred suspension is brought to
15 80°C and maintained at.this temperature for 2.5 hours.
After cooling to room temperature (20-25°C), the
suspension is filtered and the carbon recovered is
washed with distilled water until elimination of the
chlorides and dried in an oven at 120°C for 2 hours.
20 The activated carbon is charged into a 250 ml
glass flask and 40 ml of H,SO, at 96% are slowly added
(in about 2-3 minutes). The carbon-acid mixture is
homocgenized and then heated in an oil bath to 120°C for
8 hours. At the end of the reaction, it is cooled to

25 room temperature and the activated carbon thus treated

1 .



20 The activated carbon is charged into a 250 nl gl ass flask and

40 M of Herr]SOerr] at 96% are slowy added (in about 2-3 mnutes).
The carbon-acid mxture is honogeni zed and then heated in an oil bath
to 120[err]C for 8 hours. At the end of the reaction, it is cooled to
25 room tenperature and the activated ¢ rbon thus treated

19 is slowy poured into a 1l litre glass cont ai ni ng 500 i of
distilled water. TBestawhonpbarbtleintecoviengdreyglass tbhtashing aod miashed
with distilled water until neutrality of the washing water. 5

The activated carBben diyisi 11Kt Rdrés, syaperdshdm is théh0 ddcRflerdd agyeous
solution of Herr](Qerr] (3.5% by weight) and the resulting suspension

| s maintai ned, umé@&t a ioRl| aHdng 8hedOl 1 EHC E05c 21 DOUI Syatdr | SuAbED
filtered and until the gl sappearance of Herr]Qerr] in the

washing 10 wat eheu}ggﬂ y%@att?g Emﬁbegagggbon is recovered and

dried in an oven at Char acteri zation by

means of X-ray_i nduced 0 elec ran. Y. t he
presence of a > peaEBI%efaat |lﬁ’3te51 Fﬁ@ Sk gn \ﬁgég%éﬁ‘&? 153?@‘1?‘@8&@51&

0
tngl ;eiul ts expreigsd in t%rH %q{?é‘oru%;_ngéligt%gn Vo Hz%”g are |nd| c}?t ed |g
S d Si

and tgg resulting suspension is maintained, under

stirring, at 70°C for 2 hours. It is then filtered.and

washed until the disappearance of H,0, in the washing

10 waterx. The sulfonated activated carbon is recovered and
dried in an oven at 120°C for 2 hours.

Characte?ization by means of X-ray induced photo-

electron spectroscopy (XPS) shows the presence of a
peak relating to the signal C-SO,H (figure 1).

15 The results expressed in atomic % from XPS analy-

sis are indicated in table 1.

Table 1
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Elemental characterization was carried out on the
sample of sulfonated carbon (Nr. 1). The results,
expressed in mg/kg, are indicated in table 3 and show

25 a sulfur content of 0.39% by weight.



20 1 88. 7% 10. 7% 0.12% 0.3% 0.1% 0.06%

El enental characterization was carried out on the sanpl e of sul fonated
carbon (Nr. 1) . The results, expressed in ng/ kg, are indicated in
table 3 and show 25 a sulfur content of 0.39% by wei ght.

20 EXAMPLE 2 Functional i zati @® aof carbon The sane
procedure is adopted as in exanple 1, but carrying out the sulfonation
reaction at a te r 5 of 140[err]C for 4 hours.

Characteri zati oni%ﬁﬁe%t_n% of X-ray induced phot o- el ectron

spectroscopy (XP t e fr peak relating to the signal
C-SCB8H (fig Ln%tEQ‘Hiaﬂ Wl%%% essed in atomc % from XPS

gnaly- 1gaikfeare InQ%pagg%e gFo%ngré is a?9pted g in exan%e 1, buIable

90. 3% 9.1% O. 14% .lof : %

characteri zation CM§Y&§& &Pte St lfﬁé‘atlon §§ﬁﬁ &8s 3k ufy BﬁQPgﬁaEHFBon
(Nr. 2) . The results expressed in nmg/kg, are indicated in table 3
and show Sa &t fll‘,’ﬂo"Sorﬁtoéfnt‘1 dUFs£8% by wei ght .

‘Characterization by means of X-ray induced photo-
electron spectroscopy (XPS) shows the presence of a
peak relating to the signal C-SO;H (figure 2)

The results expressed in atomic % from XPS analy-

10 sis are indicated in table 2.

Table 2
Sample c o S Cl Si Na
2 90.3% 9.1% 0.14% 0.3% 0.1% 0.08%
15 =====s=====ss====sSssssossoo=s==so=So=sssSso=SSsSSssSoo=Ss===o
Elemental characterization was carried out on the
sample of sulfonated carbon (Nx. 2). The results,

expressed in mg/kg, are indicated in table 3 and show
a sulfur content of 0.48% by weight.
20 EXAMPLE 3
Preparation of the catalyst
50 ml of methanol and 4 g of activated carbon
prepared as described in example 1 .are charged into a
250 ml glass flask.

25 A solution of palladium acetate in acetone (86 mg



20 EXAMPLE 3 Preparati on of the catal yst 50 m of nethanol
and 4 g of activated carbon prepared as described in exanple 1 are
charged into a 250 m -glass flask. 25 A sol ution of palladium
acetate in acetone (86 ny: 21

pal | adi um acetate 98% Al drich, in 20 n12 f- acetone) are added dropw se
in 2-3 mnutes to the stirred suspen- sion. The solution is
concentrated w t hpalkadbympatetorce 98% algatichat in0260fkro] Gedtgne)o-2¢

m nutes to renove about 5 30-50% of the solvent. It is filtered with a
punp, washeddded dabpwisdriiad 23 aiimurss tthentbei ed iicmedn susperoven
at 110[err]C for 2 hours. A catalyst is obtained cont ai ni ng 1% of

pal | adi um on funcéiemal TRedabit Vi el concerydayed Wit HEAMRItHvVapor on
Preparation of the catalyst The sane procedure is adopted as in

exanpl e 3, but a paShnat4 4@ -Gfooact ifct exh cay henREepated ramodes @hdigd in
exanple 2. A catalyst is obtained containing 1% of 15 Pall adi um on

functional i zeds acid va§£dogardan. solvengx'A\'i’%'—E.sIS EEQEE%at iWi®h a pump, A
catal yst is prepared as described in exanple 3, using a

?CC)ECZ;” fonated aqflwaled, B LLTBLP! Be4aadin aucaa(rPcP“thé'npﬁﬂé‘QSEi i Mn
oven at 110°C for 2 hours. A catalyst is obtained
containing 1% of palladium on functionalized activ;ted
carbon.

10 EXAMPLE 4
Preparation of the catalyst
The same'procedure is adopted as in example 3, but
using 4 g of activated carbon prepared as described in
example 2. A catalyst is obtained containing 1% of
15 Palladium on functionalized activated carbon.
EXAMPLE S5 (comparative
A catalyst is prepared as described in example 3,
but using a non-sulfonated activated maritime pinewood
carbon in powder form (CECA).
20 EXAMPLE 6
Preparation of hydrogen peroxide
23 mg of catalyst prepared as described in example
4 (2.10"° moles of Pd) and 9 g of a solution of water:
methanol (weight ratio 1:8), containing 6 ppm of HBr

25 (6.10° moles Br'/litre reaction mixture) are charged



20 EXAMPLE 6 Preparati on of hydrogen peroxide 23 ny of

catal yst prepared as described in exanple 4 (2.10[err] noles of Pd)
and 9 g of a solution of water: met hanol (weight ratio 1:8),
containing 6 ppmof HBr 25 (6.10[err] g&les Br /litre reaction m xture)
are charged : 22 into a 100 M AI'S
316 stainless steel autoclave, equi pped with a cylindrical glass

cont ai ner, tefloninto am@Aét imlstALSler3lemscrendessndsheal - exdirangere,
appar a- tus. 5 The autoclave is thernostat-regul ated at
30[err]C, cl egeilppad thieth caaryddndirtikad rgless ecohtgases, teflon
previously prepared, consisting of 4% volunme Herr], 4% volunme Jerr]

and 92% vol umre N2maghe@itokah rpeeSsafofbter and hatan-eSichiahigey dppd - i ed
out at 900 revs/mnute for 1 10 hour substituting the gas phase every 15
mnutes with t@dsMm xture of gases having the above conposition.

The autoclave is then depressurized, the content is filtered to renove

the catalyst agd an al pguotaociave t BE SUdHHd¥R dcS RRRI1MERE byctidgeartion
wi th potassium 15 pernmanganate to determ ne the concéntration of hydrogen

ForoKLe, o o, PEANERA! ke AL LALoRl MY UM rrtl e e 0
and concentrat L 90, QL1 {1 §ldidh®ld ] cddiSs SELEST LY L WAPuhESRECT 440
volume O, and 92% volume N,, at a total pressure of 65
atm. Stirring is carried out at 900 revs/minute for 1
10 hcur substituting the gas phase every 15 minutes with
a mixture of gases having the above composition.

The autoclave is then depressurized, the content
is filtered to remove the éatalyst and an aliquot of
the solution is analyzed by titration with potassium

15 permanganate to determine the concentration of hydrogen
peroxide, which proves to be equal to 2.9% by weight
with respect to the reaction mixturé.

From the increase in weight of the solution and
concentration of Hg%, the selectivity with respect to

20 the converted hydrogen is 50%.

EXAMPLE 7

Synthesis of hydrogen peroxide

The reaction is carried out under the same operat-
ing conditions indicated in example 6, but using 23 mg

25 of catalyst prepared as described in example 4. A



20 the converted hydrogen is 50% EXAMPLE 7 Synt hesi s of hydrogen

per oxi de The reaction is carried out under the sane operat-

ing conditions indicated in exanple 6, but using 23 ng 25 of catalyst
prepared as described in exanple 4. A 23
solution is obtained, containing 3.1% by2geight of hydr ogen per oxi de.
Fromthe increase in weight of the solution, the selectivity with
respect to the conggitedon ishyBiaderd,s &% ainmdXAMPLE 18, (waTBALalL¥E)
The reaction is carried out under the sane operating conditions

indicated in exa”phgdgoggﬂtﬁﬁ?d%ideh Ff&%'H&eOEnEgﬁékﬁsgij&B%¥ﬁp the

descri bed in exanpl A solution is obtain wth a content by

fespoct Lo ihe LondatERChyar gererogbf b Sy fREpRRG°EY thiedlddhieg

respect to the con reparation in
conti nuous of hydr n roxi_de ., The experinentation is carried
out ina 300 n 1§9§§8§§PI65 %8§tee| aut ocl ave, equi pped with a magnetic
stirrer capablg 8 En%ainin t he . nunmber of revs/ m nute during
the test from 07t , A@@@&?@QE&EQLcontroller, a thernostatic jacket

and gas-flow control - ) . .
The reaction is carried out under the same

cperating conditions indicated in example 6, but using
23 mg of catalyst prepared as described in examplé 5.
A soluticn is obtained with a content by weight of
10 hydrogen-peroxide equal to 0.25%. The selectivity with
respect to the converted hydrogen is 7%.
EXAMPLE 9 |
Preparation in continuous of hvdrogen peroxide
The experimentation is carried out in a 300 ml

15 Hastelloy C steel autoclave, equipped with a magnetic
stirrer <capable of waintaining the number of
revs/minute during the test from 0 to 2000, a preésure
controller, a thermostatic jacket and gas-flow control-
lers.

20 0.45 g of catalyst prepared as described in
example 4 (4.2-107° moles of Pd) and 150 g of water
containing 4 ppm of HBr (5-107° moles of Br'/litre of
reaction mixture) are charged into this autoclave.

The autoclave is pressurized, without stirring, to

25 100 atm with a gaseous mixture consisting of 3.6%



lers. 20 0.45 g of catalyst prepared as described in

exanple 4 (4.2[err]10[err] noles of Pd) and 150 g of water cont ai ni ng
4 ppm of HBr (5.10[err] noles of Br[err]/litre of reaction m xture)
are charged into this autocl ave. The autoclave is pressurized,

W thout stirring, to 25 100 atmw th azgaseous m xture consisting of 3.6%
24 volume Herr], 46.4%volunme Jerr] and 50% volune of N err]. The

stirring is then tivated ug to 1480 re%§/nigggﬁ‘@nd - thetfressure is
mai nt ai ned at 100°HAT wHieh A°gAE VPoW™E O iR oty ntBte™eqbdl Yo 30
1/ hour. 5 The reaction is followed by gaschronatographic
anal ysis of aliqeeisrbgthe BRSBoASCHHALEd| BRVERGLEAR revs/manutsr angery 15
m nut es. During the test, the conversion of hydrogen is
mai nt ai ned const@lre paASsgure 1ps maintained athyfPsabh vehBt rosagt Ligwerr] C,
t he concentr a- ton of H202 is equal to 12.5% by wei ght. The
selectivity imi ¢dnt ospees eguahet@oh@@rkBburydrogen is equal to 60%
The content of SOJerr]-- ion in solution is equal to 3 ppm 15
EXAMPLE 10 s The sewetpoaceikir €oldoaddptled gaschrenawphe aphikut
using as reaction nedium 150 g of a mxture of wa- ter:methanol with a
wei ght ratio 10:9%h1¢®id abPi AViguots of the gaseous phase leaving the
reactor every 15 minutes.
During the test, the conversion of hydrogen is
maintained constant (45%).
10 After 4 hours of reaction at 18°C, the concentra-
ton of H,0, is equal to 12.5% by weight. The selectivity
with respect to the converted hydrogen is equal to 60%.
The content of S0, ion in solution is equal to 3
ppm.
15 EXAMPLE 10
The same procedure is adopted as in example 9, but
using as reaction medium 150 g of a mixture of wa-
ter:methanol with a weight ratio 10:90, containing 3
ppm of HBr (3:107° ‘moles Br'/litre of reaction mixture) .
20 The production of hydrogen peroxide is carried cut
at 15°C. The conversion of hydrogen remains constant
during the test at 80%.
After 2 hours of reaction, the concentration of

H,0, was equal to 13.1% by weight. The selectivity with

25 respect to the converted hydrogen is 75%.



ppm of HBr (3 10[err] noles Br[err]/litre of reaction mxture). 20

The production of hydrogen peroxide is carried out at 15[err]C. The
conversi on of hydrogen renai ns constant during the test at 80%

After 2 hours of reaction, the concentration of Herr]Jerr] was equal
to 13.1% by weight. The selectivity witl23 25 respect to the converted
hydrogen is 75% 25 The
content of SO err] iorfle sohbenbnaofs sEylalido in solutSigpnis equalEXANMPLE
11 . A 380 m Hastelloy C steel autoclave is used, 5 equi pped
with a magnetic s2i3rmpm. a pressure control - | er, therostatic jacket
and gas-fl-ow controllers. 0.60 g of catalyst prepared as
described in ExxwgnrerB (5.6 10[err] noles of Pd) and 200 g of water

containing 5 ppmof HBr (6.2[err]10[err] noles of Br[err]/litre of 10

reaction mxture) are ghaggednl nt{gsﬁzgﬁlé‘}t Q€| 3¥€el autoclavelNgs aplsRel ave
is pressurized, without stirring, 95 atmw th a gaseous m xture

consi sting of 3. 62gyQluee w1th 'a'|[ ﬁéﬁhet?’@_ é?:/ii.‘gleﬁ[ma%g %%BQ'@dcggl wql ure

of NJerr]. The stlrrlng activate revs/mnute

and the 15 pr espiy e ﬂkse%ﬂ@i‘&f?%é¢h%% ch%%_il% P nfd Lﬁfs.l.eorfs I he

sane gaseous m xture. OUI’ an aqueous

sol ution 0.60 g of catalyst prepared as described in

example 3 (5.6-10” moles of Pd) and 200 g of water
containing 5 ppm of HBr (6.2-107° moles of Br /litre of

10 reaction mixture) are charged into the autoclave.
The autoclave is pressurized, without stirring, to
95 atm with a éaseous mixture consistiﬁg of 3.6% volume

H,, 36.4% volume O, and 60% volume of N,. The stirring

20
is then activated up to 1400 revs/minute and the

15 pressure is maintained with a flow in continuous of the
same gaseous mixture.

During the test 120 g/hoﬁr of an aqueous solution
containing 5 ppm of HBr are fed in continuous and
volumes of liquid necessary for keeping the level of

20 the autoclave constant, are discharged. The reaction is .
carried out at 25°C for 8 hours.

The reaction is followed by gaschromatographic
analysis of aliquots of the gaseous phase leaving the

reactor every 15 minutes and the liquid phase every

25 hour.



containing 5 ppmof HBr are fed in continuous and vol unes of liquid
necessary for keeping the level of 20 the autoclave constant, are

di scharged. The reaction is carried out at 25[err]C for 8 hours.

The reaction is foll owed by gaschromat ographic anal ysis of aliquots of
t he gaseous phase | eaving the reactygr . every 15 mnutes and the liquid
phase every 25 hour. 26

During the test, the canyersion of hydro i naj nt ai t at
85% Af ter 4B %&ﬁ?(#h?eggggbng%thé§¥8ﬁ?§%?§%t%ﬁ o] ?%g$ﬁg?%rr]
is equal to 6.5%

by .wei ght .. The selectivity with 5 respect to the
converted_hydrogeﬁgFggggﬁgﬁ F@qéiﬁP%Tﬁé B content of SO err]-- ionin
solution is equal to 2_ppm After 8 hours of reaction thf
concentration of H[errﬁéF@F}f hours pf 1876 e c G FOPGFERT2ERPeet HaB2t he
converted hydrogen remai n constant at 6.5% and 6096resgectively_ 10
and the content ofisSGEER]--t@orf 5% sBYutWolghts- | dhe t gahegtivitypgrith
EXAMPLE 12 The sane procedure is adopted as in exanple 11
but using as ré&actespegtditomtieniconyestofl Wrdepgenlbs neqwahoto ve@%h. allhei ght
ratio of 4:96, a reaction tenperature of 20[err]C and feeding in
conti nuous 200 congéhtoupfofSOpdt éonmethandiut boxt s eequal to 2 ppm.

After 8 hours of reaction the concentration of H,0,

and the selectivity with respect to the converted

hydrogen remain constant at 6.5% and 60% respectively

1¢ and the content of SO,”” ion in solution is less than 1
ppm.

EXAMPLE 12
The same procedure is adopted as in example 11,
but using as reaction medium a mixture of water:

15 methanol with a weight ratio of 4:96, a reaction
temperature of 20°C and feeding in continuous 200
g/hour of water:methanol mixture.

The hydrogen conversion is maintained constant
during the test at a value equal to 85%.

20 In the sampling carried out after 4 hours of
reaction, the concentration of hydrogen peroxide in
solution is equal to 5.8% by weight. This value remains
constant for the whole duration of the test which lasts

20 hours. The selectivity with respect to the hydrogen

25 1is 84%. The concentration of SO4" ion in solution after



The hydrogen conversion is maintai ned constant ~during the test at a
val ue equal to 85% 20 In the sanpling carried out after 4 hours of
reaction, the concentration of hydrogen peroxide in sol ution is equal
to 5.8% by weight. This val ue renains constant for the whole duration
of the test which lasts 20 hours. selectivity with respect to the
hydrogen 25 is 84% The concentration of SO err]-- ion in solution after
27 20 hours i 2@ dsmutdhais 1lepsn than 1 BPEWPLE 13 The sane
procedure is adopted as in exanple 12, ~using the catalyst prepared as
in exanple 4 and @EXAMPLE 1dnging the reaction for 60 hours. _

After 60 hours of reaction the hydrogen conversion i s maintained

constant at a val ue equelle t 9a@8%rbbedure iGORCRMLERL LN of ERQApLE 12,
mai nt ai ned at 6. 2% by wei ght and the selectivity with respect to the

hydrogen is 10 §fd%ndhenconseniyati prephrafl Q"s” ég&{i‘l-gpibtbe& §> |0n of

effluent fromthe thlrtleth hour is zéro.

propyl ene 5 gfftﬂét gﬂ Ifocralé(g elo'[l%%o( Eni Chem with a 15

content of titani um equ _ o wel ght of methanol are
suspended in a 1 1 reag{qr,.eqy pl%%g:s of reaction the hydrogen conversion

is maintained constant at a wvalue equal to 88%, the
conceﬁtration of H,0, is maintained at 6.2% by weight
and the selectivity with respect to the hydrogen is

10 86%. The concentraticn cof SO,”” ion in the reaction
effluent from the thirtieth hour is zero.

EXAMPLE 14 |
Oxidation of propvlene
5 g of titanium silicalite TS-1 (EniChem, with a

15 content of titanium equal to 2.05% by weight) in 500 g
of methanol are suspehded in a 1 1 reactor equipped
with a mechanical stirrer with a gaseous effect and a
thermostatic system .(internal coil immersed in the
reaction solution and external circulation jacket).

20 After thermostat-regulating the system at 40°C and
pressurizing with propylene at 1.2 atm (constant for
the whole duration of the reaction), 266 g of hydrogen
peroxide solution at 6.22%, obtained as described in
example 13, are added in continuous at such a rate as

25 to exhaust the addition of the oxidating agent in 15



with a nechanical stirrer with a gaseous effect and a thernostatic
system (internal coil imersed in the reaction solution and external
circulation jacket). 20 After thernostat-regulating the system at

40[ err] C and pressurizing with propylene at 1.2 atm (constant for

t he whol e duration of the reaction), 266 _g. of hydrogen per oxi de
solution at 6.22% obtained as descri bed® n exanple 13, are added in
conti nuous at such;@,fate as 25 to exhaust. the addition of the oxidating
agent in 15 28 m nut es.

After this period a sa 0, acti.on, solution i t aken. . .

The residual Herr]d eg?#glrsé%%%eqen%lnoe%a‘l 8 5‘92%?%5?@?“0% SUHET LR e
reaction product jis,_quantified by gaschro- mat ogr aphy. The results
are: conver st ]ﬁg’iil[ err]Jerr] = 96% selectivity to propyl ene oxide
= 97% EXAMPLE 15 10 Ammpxymation of cycl ohexanone i 10 g of
titaniumsilicalite TSIR® (EFSERAL Wish ds detepmnirad drodameswiaaldatal to
2.05% by weight) in 500 g of a m xture consisting of: - met hanol
41% by wei ght 515vherg@s dfhe reaction proguskt vig giwantified by gaschro-

matography. The results are:
conversion H,0, = 96%
selectivity to propylene oxide = 97%.

EXAMPLE 165

10 Ammoxymation of cyclohexanone

10 g of titanium silicalite TS-1 (EniChem, with a
content of titanium equal to 2.05% by weight) in 500 g

of a mixture consisting of:

- methanol 41% by weight
15 - water 31% by weight
- cyclohexanone 20% by weight
- émmonia 8% by weight

are suspended in a 1 1 reactor equipped with a mechani-

cal stirrer with a gaseous effect and a thermostatic

20 system (internal coil immersed in the reaction solution
and external circulation jacket).

After theromstat-regulating the system at 80°C and

préssurizing with helium at 1.5 atm, 67.5 g of the H,0,

solution (6.22%) obtained in example 13 are added in

25 continuous in 5 hours.



- cycl ohexanone 20% by wei ght - anmoni a 8% by wei ght

are suspended in a 1 1 reactor equipped with a nechani - cal stirrer
with a gaseous effect and a thernostatic 20 system (internal coil inmersed
in the reaction solution and external circulation jacket).

After theronstat-regulating the systema® 80[err]C and pressuri zi ng
with heliumat 1.5 atm 67.5 g of the H202 solution (6.22% obtained
in exanple 13 are addedfter PEigamdindgsspapiehofirgeaction solution is

29 After this period a sanple of reaction solution is t aken.
The residual H202talsemlet er mi ned i odonetrically, whereas the reaction
product is quantified by gaschro- 5 matography. The results are:
conversion of cycl ohexEm®neesi$ai% H,0,selecdevetyited cyokdometarniard 1y,96%
The conversion of hydrogen peroxide is quantita- tive.

30 Table 3 whereas the reaction product is quantified by gaschro-

5 matography. The results are:

92.5%

conversion of cyclohexanone

96%.

selectivity to cyclohexanone
The conversion of hydrogen peroxide is quantita-

tive.



El ements CECA carbon as such Carbon # 1 Carbon #2 B 20
<1 <1 Na 200 17 20 My
2,000 47 47 Al 350 60
100 Si (1) 300 400 380 P
1, 300 Bble 3 64 sy 200 3, 900
4, 800 a (1) 100 < 100 < 100 K
3, 800 68 90 Ca 6, 800 90
80 Ti 3 <T <T Cr
<1 <1 Elements CECA cagflhonassuch Carbon#1 Carbon#2 Fe
140 : 30 B 17 CT)) <%l <1 <1
<1 Ni <1 <1l <1l Cu
2 8 zn Na 3200 87 203 Rb
8 <1 Mg S12,000 147 a7 [
<1 Nb <1 <1l <1l Mo
2 <1 Pd Al <350 &q 10Q1 Ag
<1 1 si( <1 8do <1
<1 Ta ), <1 43%)1 Hy (350
0.11 1.3 P 1.3 P ,300 <57 64 <1
<1 ot hers <1
31 CLAI M5 ?.(ﬁlA cat al yst z%i ch can be 3:%88 for 4t‘?1oeo difect
synt hesi s of hydfoge® (per oxi de star8ddg from . <100 hydr egHi0 and oxygen
consisting of a *et al KbeI ong- 5 3.800 ing to groug VIIl supported on a
carrier wherein said carrier 1s an acid a?ivatedc rbon| functi o-
nal i zed with sul foni cCaroups. - 6200 The catal yse0accordi @ to claim 1,
wherein the et al- bel ongi ngsto group VI I I<|1s sel ect<e1d frjom
Cr 1 <1 <1
Mn 215 4 4
Fe 140 30 17
_ Cq <1 <1 <1
Ni <1 <1 <1
Cu 5 2
Zn 3 3
Rb 8 <1 <1
Sr 17 <1 <1
Nb <4 <1 <1
Mo 1 2 <1
Pd <1 <1 <4
Ag <1 <1 <1
Ba 11 <1 <1
Hg (2) 0.11 1.3 1.3
Pb <1 < <
others <1 <1 <1




10 pal l adium platinum ruthenium iridium rhodium or

conbi nati ons of these. 3. The catalyst according to claim2, wherein
t he metal is palladium 4. The catalyst according to claim1
wherein the 15 quantity of netal belonging to group VIIl is

bet ween 0.05 and 5% by weight with respdct-to the carrier. 5.
The catal yst according to claim4, wherein the quantity of netal
bel onging to groupritg 1is 20 between 0.1 and 1% by weight with
respect to the carrier. 6. The catalyst according to claim

1, wherein the 1 = fém&tis}%@l iwHadnacthMated caidgonreent ghds 100 1
to 1% by wei ght of sulfur. 2 7. The catalyst according to claiml1,

obt ai ned by a ; - |t hode why ch
. thesis of hydroge xide star .
conpri ses: a?ygutt?hg the activated darbon in contact %&t a

sul fonating agent wi t N gwglahi 1! L@/5th | Q0AL 01 ng of o medlBEHaf@LbON

ranging from1:20 to 2 enper a angl ng from to
350[err] C, and . b washingxégﬁ functignﬁlg%g% acti vated .car bon
with water unt?l neutrafft §CoE*PHR i FYPREEES carrigr WHERSIY the
sul fonated acti vated carbgn i X obtaiqfd in ste 22 mﬁthzfn oxj dati ng
agent, at a sald carrier is an acid activated carbon functio-
nalized with sulfonic groups.
2. The catalyst according to claim 1, wherein the
metal belonging to group VIII is selected from
10 palladium, platinum, ruthenium, iridium, rhodium
or combinations of these.
3. The catalyst according to claim 2, wherein the
metal is palladium.
4. The catalyst according to claim 1, wherein the
15 quantity of metal belonging to group VIII is
between 0.05 and 5% by weight with respect to the
carrier.

5. The catalyst according to claim 4, wherein the

quantity of metal bkelonging to group VIII is

20 between 0.1 and 1% by weight with respect to the
carrier.
6. The catalyst according to claim 1, wherein the

functionalized activated carbon contains from 0.1
to 1% by weight of sulfur.

25 7. The catalyst according to claim 1, obtained by a

L




10 tenperature ranging from30 to 100[err]C d) washing the

functionalized activated carbon obtained in step ¢) until the
di sappearance of the oxi dating agent in the washing water and
drying at a tenperature of 100 to 120[err]C, and finally 15
e) supporting the nmetal of group VIII @2 acti vat ed car bon

functionalized with sulfonic groups. . The catal yst according to

claim7, wherein step ethod whl IéOB%ﬁESQ d by a step a') wherein the
acti vat ed carbon Ts Wash an aqueous sol ution of 20

B4R ¢ S0 B el Ohe PR Yt oIS
2 theerih ot o 4ot g snL 'Sa%m%o A
33 10. The catal yst according to claim?7, wherein the
sul fonating agent is scR@EREHCRFRARS HFNFINT adrgm 1:20 to 2Py dyrjakng
ol eum 11. The catal yst according to claim7, wherein in step 5
c) an aqueous s®l ution tTpgrRrbEEn pergxhdefrem 50 to 350{@ednd a
concentration ranging from1l to 4% by weight, with a weight ratio
sul fonated activated b) washigg bbhearﬁlrmpjemfé;mmtaoni*oathnmmn
perOXIde with water until neutralitv of the washing water;
c) treating the sulfonated activated carbon
obtained in step b) with an oxidating agent, at a
10 temperature ranging from 30 to 100°C;
d) washing the functionalized activated carbon
obtained in step c¢) until the disappearance of the
oxidating agent in the washing water and drying at
a temperature of 100 to 120°C; and finally
15 e) supporting the metal of group VIII on activated
carbon functionalized with sulfonic groups.

8. The catalyst according to claim 7, wherein step a)
is preceded by a step a‘’) wherein the activated
carbon is washed with an aqueous solution of

20 hydrochloric acid 1-5% by weight, at a temperature
rénging from 50 to 80°C.

g. The catalyst according to claim 7, wherein in step
a) the weight ratio sulfonating agent:carbon is

between 1:5 and 5:1, the temperature varies from

25 70 to 200°C.
_—
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ranging from1:10 to 1:100. 10 12. The catalyst according to claim 11,
wherein the wei ght ratio sul fonated activated carbon and
aqueous sol ution of hydrogen peroxide is between 1: 20 and 1:50.
13. The catal yst according to claim7, wherein in step 15 c) the
tenperature is between 50 and 70[err]C. 33 _ 14. An acid activated carbon
functionalized with sul foni ¢ groups which can be used as carrier

for met ah bi %ﬁta_ala/aseasl st acéér% ﬁ%@ﬁ:%ceél%fnprﬂh%h@'ﬂe%% the
production of hydrogen %erOX| y ans of the reaction of

hydr ogen and n t ¥ 0PPL €
the presence of a catalys#gggﬁgﬁs |n§EK? ESM@%EPCEQQ BLOR éh%ugrcéuéi%¥1
supported on a carrier, ppereln fald carrier is an activated
carbon functionalized W sul foni'c groups.

34 16. Th d | 15, wh
metal lic catalssPr8iegrgagca%F%Tg§£g%$%€%g%n$r S, 7 WhﬁﬁFFﬁd+?wﬁtep

pl ati num ruthenium iridium rhodium or conbi nati ons of these.
5 17. The profess accHdiHy EEUBPHEMSPEULHOSr 8 hKerogen peroxigdes iss
paIIadlun1 18. The process according to claim 15, wherein the

pronbter is a conpound B88Eaiat ry eomegweeation ranging from 1 to 4% by

weight, with a weight ratio sulfonated activated
carbon and aqueous solution of hydrogen peroxide
ranging from 1:10 to 1:100.

10 12. The.catalyst acccrding to claim 11, wherein the
weight ratio sulfonated activated carbon and
aqueous solution of hydrogen peroxide is between
1:20 and 1:50.

13. The catalyst according to claim 7, wherein in step

15 c) the temperature is between 50 and 70°C.

14. An acid activated carbon functionalized with
sulfonic groups thch can be used as carrxiexr-for
metallic catalysts.

15. A process for the direct prcduction of hydrogen

20 peroxide by means of the reaction of hydrogen and
oxygen in a solvent which contains a promoter in
the presence of a catalyst consisting of a metal
of group VIII supported on a carrier, wherein said

carrier is an activated carbon functionalized with

25 sulfonic groups. —



19. The process according to claim18, wherein the 10 conpound
containing a halogen is selected fromthe group consisting of
hydr obrom ¢ acid, sodium brom de, potassium brom de, sodi um
bromat e or anmoni um brom de or conpounds of chlorine such as
sodi um chl ori de, potassium chloride, amm¥hium 15 chloride. 20.
The process according to claim19, wherein the conpound IS

hydrobrom ¢ acid, § n . otassi u r 21.

The process accor ng to c?gkg?fg %ﬁﬁ?rd1W$efgzﬁ‘alm T§3t Tre%? :hfh
ronoter is used which | oncen i 0 e
Eallde ion.of more et 6?%¥?i ﬂ%l%gg Vf%frésofeigﬁﬁ?ao rom

medi um 22. The proces acco ding to cl n121 wherein a
quantity of pronnterls?%iiﬂﬁ ; %% 'aguF enygn, 1rigiym, grhodium

concentration of the halide |on betmeen 10-6
35 and 10[ er r9¥ RAERIGRL1PRS (@f dtheseacti on medi um 23. The

process according to claim15, wherein the reaction nediumis
sel ected from vt ér7- affhg cBReFess accordipg san glaie 36 .t héwxrein5thes.

The process according to claim 23, wherein the al cohol is
sel ected from net hanol meftdanisd ,palladium. | sopropanol . 25. The

process according to claim?24, wherein the
18. The process according to claim 15, wherein the

promoter is a compound containing a halogen.
19. The process according to claim 18, wherein the
10 compound containing a halogen is selected from the
group consisting of hydrobromic acid, sodium
bromide, potassium bromide, sodium bromate or
ammonium bromide or compounds of chlorine such as
sodium chloride, potassium chloride, ammonium
15 chloride.

20. The process according to claim 19, wherein the
compouna is hydrobromic acid, sodium bromide and
potassium bromide.

21. The process according to claim 15, wherein a

20 quantity of promoter is used which is such as to
give a concentration of the halide ion of more
than 107 moles per litre of reaction medium.

22. The process according to <claim 21, wherein a
quantity of promoter is used which is such as to

25 give a concentration of the halide ion between 107°¢

A O




al cohol is nethanol. 10 26. The process according to claim 15, wherein

t he reaction nediumis a mxture of water:alcohol with

a weight ratio between the two of 99:1 to 1:99. 27. The process
according to claim 26, wherein the 5 _Weight ratio water:alcohol is
bet ween 90: 10 and 15 5: 95. 23. . The process according to claim
15, wherein the reaction is carried out at a tenperature ranging
fromO to 70[err]C.  andoh0 " THelpForpesslAEE®raf nEedet £PRI RESBUMwher ei n t he
20 tenperature is between 15 and 50[err]C 30. The process
according to clai?d 15, Tiepagnesse according feactipdnm ilH cavherdioutthgt a
total pressure higher t han at nospheric pressure and with a nol ar
ratio hydr ogesa oxi/gre medingn ng Sedrcted food: wWiler, 25 3lcched
process according to claim30, wherein the

36 total pressusemistied wwenthdsand 300 at nospheres and
the nolar ratio hydrogen: oxygen is between 1:5 and 1:50. 32.
The process acsorzgng tie Chabtedd adesRiing Neo claim 237 eakéioin ithe
carried out wusing air as oxygen sour ce. 33. The process

according to claim15 31W6ek&1 N §18€ selected from methanol, ethanol,
isopropanol.

25. The process according to claim 24, wherein the
alcohol is methanol.

10 2s8. The_process_according to claim 15, wherein the
reaction medium is a mixture of water:alcohol with
a weight'ratio between the two of 99:1 to 1:99.

27. The process according to claim 26, wherein the

weight ratio water:alcohol is between 90:10 and
15 5:95.

28. The process according to claim 15, wherein the
reaction is carried out at a temperature ranging
from 0 to 70°C.

29. The process .according to claim 28, wherein the

20 temperature is between 15 and 50°C.

30. The process according to claim 15, wherein the
reaction is carried out at a total pressure higher
than atmospheric preséure and with a molar ratio
hydrogen:oxygen ranging from 1:1 to 1:100.

25 31. The process according to claim 30, wherein the
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catalyst is used in quantities ranging from10[err] to 10-2 nol es
of nmetal contained in the catal yst per 10 litre of reaction nedium
34. The process according to claim 33, wherein the catalyst is
used in quantities ranging from10[err] to 10[err] noles of meta
contained in the catal yst per 36itre of reaction nedium 15 35.
A process for the catalytic oxidation of sub- strates which
conpri ses: (edtpl epaesagrhydsoden weenosiodandy 3toe atesphmres

of hydrogen and oxygen in a solvent containing a pronmoter, in the
presence of a catal ystag@nsistidlgar 2@tio hydebgennekgheaf i grimmpvadn [1:5
supported.on acid acti - vat ed carbon functionalized with sulfonic
gr oups; (b) sggoveshng the reaction m xture containing

hydr ogen per oxi de; (c) putting the reaction m xture containing

H202 25 I n3gont fgk g& Ge%ssﬁw%éf&&héetéckﬁéﬂﬂCi@0'%ﬁbﬂéln the
37 aromatic ocar bons, ammoni a and carbony

conpounds, in §he presgg%gtggna £at aéa)&sxt d&gsg tonalsmg air apsr ofXYgen

titaniumsilicalite to obtain the desire ate 5
(d) recovering the Qéug éed product fromthe reaction m xture
of step c¢); and % recycling the possible non-reacted substrate

33. The process according to claim 15, wherein the
catalyst is used in quantities ranging from 10:6 to
102 moles of metal contained in the catalyst per
10 litre of reaction medium.
34. The process according to claim 33, wherein the
catalyst'is used in quantities ranging from 107 to
1073 moles of metal contained in the catalyst per
litre of reaction medium.
15 35. A process for the catalytic oxidation of sub-
strates which comprises:
(a) preparing hydrogen peroxide by the reaction
of hydrogen and oxygen in a solvent containing a
promoter, in -the presence of a catalyst consisting
20 of a metal of group VIII supported on acid acti-
vated carbon functionalized with sulfonic groups;
(b) recovering the reaction mixture containing
hydrogen peroxide;
(c) putting the reaction mixture containing H,0,

25 in contact with a substrate selected from olefins,

\\\\
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B
I n stg\ﬁ c) and the reaction solvent in steps a) and c). 10 36.
The process according to claim35, wherein in step c) the
catalyst is selected fromtitaniumsilica- lites with an M
structure, titaniumsilicalites 37with an MEL structure or
I nt ermedi ate M-I/ MEL structure. 15 37. The process according
to claim 36, wherein the titaniumsilicalites with an NH

structure are arggglfled with triwvalent netals selegrdl r,om

al umi num iron, boron SF OGS Fum Y dr ocagdonsy, o proReid allh ?ﬁf???%ﬁaJn1

35, wherein the cat st i titaniumsiliLcalite havi f or nmu-
| a: | XTi q err]c’omPf %§|¥ql8r T‘e presence gned F3fF iﬂf%tp Ly

nunber between 0.0001 and 39. The process according to
clai m 35, wherein saidtisgnium- SEJiléE@%%tht%aﬁ}?qaédl she ‘ﬁﬁsb’éﬁ@lmed

product;

5 (d) recovering the oxidated product from the
reaction mixture of step c¢); and
(e) recycling the possible non-reacted substrate
in step c) and the reaction solvent in steps a)
and c).

10 36. The process according to claim 35, wherein in step
c) the catalyst is selected from titanium-silica-
lites with an MFI structure, titanium-silicalites
with an MEL structure or intermediate MFI/MEL
structure.

15 37. The process according to claim 36, wherein the
titanium-silicalites with an MFI structure are
modified with trivalent metals selected from
aluminum, iron, boron or gallium.

38. The process'according to claim 35, wherein the

20 catalyst is titanium-silicalite having the formu-
la: xTi0," (1-x)8i0,
wherein x represents a_number between 0.0001 and
0.04.

39. The process according to claim 35, wherein said

25 process is carried out in continuous.
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