1 Decenber 2004 PROCESS FOR THE CONTI NUOUS PRODUCTI ON OF HYDROGEN PEROXI DE
Field of the Invention The present invention relates tolabpredess 2008 t he
conti nuous production of hydrogen peroxide (H2Q2). Background of the

I nvention More specifically, the present invention relates to a process
for the continuous production of alcoholic or hydro- alcoholic solutions of
hydr ogen peroxide and their direct use in oxidation processes. In
particul ar, oxidation processes using hydrogen peroxide as oxidi zing
agent, are known in the art, in which the use of al cohol or

hydr o- al cOhOPRIEESS| HOR OFHE GONECHUQTS tFRODUQT BReMF HHURCEEN PERAYEDRr oved to
be useful. Exanples of these processes are those using titanium silicalite
as catalysts, such as the epoxidation of olefins (EP-100,119), the
amoxi mat i on of carbonyl conpoBielsi Of. She MVEIAi088), the oxidation of
amoni a to hydroxylam ne (U. S. 5, 320,819) and the hydroxyl ati on of
aromati ¢ hydrocarbons (U S. 4,369,783). The industrial production of
aqgueous sol ution Bfe (PRONHY ipvamsicyf nebdrrs ekot Wo- Brege s ofess, thies

known. In this 1 Decenber 2004 process a solution of an anthraqui none, such
as butyl an- ¢MtdauPnsnerwhucstpy| ehtiidagapnovrrodideanideani ¢ medi umim
mscible with water is first hydrogenated and then oxidized wth air to
produce H202 which is subsequently extracted in

Background of the Invention

More specifically, the present invention relates to a
process for the continuous production of alcoholic or hydro-
alcoholic scluticns of hydrogen peroxide and their direct use
in oxidation processes.

In particular, oxidation processes using hydrogen
peroxide as oxidizing agent, are known in fhe art, in which
the use of alcohol or hydro-alccoholic solutions object of the
present invention have proved to be useful.

Examples of these processes are those using titanium
silicalite as catalysts, such as the epoxidation of olefins
{(EP-100,119), the ammoximation of carbonyl compounds (U.S.
4,794,198), the oxidation of ammcnia to hydroxylamine (U.S.
5,320,819) and the hydroxylation of aromatic hydrocarbons
(U.5. 4,369,783).

The industrial production of aqueous solution of (H;0;)by

means of a complex two-step process, 1is known. In this



5 aqueous phase. This process is expensive owing to the high investnent
costs ,necessary for the conplex production unit involved Danemite 29@dessity
of separating and di sposing of the by- products generated during the

oxi dati on phase -and purifying 10 and reintegrating the anthraqui none
solution before being re-used. For these reasons, processes for the direct
synthesis of hydrogen peroxide fromH2 and 02 have been studied and seem
attractive fropmcesshm cadluridnecdnem cupgdinaguehonds suelw. aFhésgypaneesses
generally use a catalytic systemcon- sisting of a noble netal,

particul arly mitadagudhondeoplefttiylanghragoiens, thepn oisatiresedinm hg-f or m
of salts or as supported netals, reacting the two gases in a solvent con
20 sisting of aissdbdeuwidlediatimrodsafitgiu eganee Frdithan oxpdized
enbodi ment of these processes however has proved to be difficult on_ an

i ndustrial scawdthopitrh&of B P d=Or sdsichs 1SAPUPRRIRE 1 aXtrpGEed &F H2
and 02 in concentrations 25 within the explosivity range, as the m xture
becones expPo BINECEFHER29904 sive when the concentration of H2 exceeds a
val ue which, depending on the pressure and cqncentra?i varies

tiqn, qf .02
from4.5 to 6% by voPaFePTEjeSs&F GRBACODET A9Rg b8t 5 :'tgﬁ'b BYSESRFUFty
range of 5 H2-02 m xtures, th%ogs% of h%% econcegtrgtions of Q2.1

costs necessary he co X production uni 1nvo§ved
and the necessity of separating and disposing of the by-
products generated during the oxidation phase and purifying

10 and reintegrating the anthraquinone solution before being
re-used.,

For these reasons, processes for the direct synthesis
of hydrogen peroxide from H, and O, have been studied and
gseem attractive from a technical and economic point of

15 view.

These processes generally use a catalytic system con-
sisting of a noble metal, particularly metalsrof the plati-
num group or their mixtures, in the form of salts or as
supported metals, reacting the two gases in a solvent con-

20 sisting of an aqueous medium or an agueous-organic medium.

The embodiment of thése processes however has proved
to be difficult on an industrial scale for the following
reasons:

A) the use of mixtures of H, and O, in concentrations

25 within the explosivitj range, as the mixture becomes explo-



ri sky to handl e and.not very conpatible with the presence of flanmble
organi.c solvent nediuns; C) the use in the reaction nedilubeodnkdsrgl004
concentrations of pronoters, for exanple acid, halogenated pronoters 10
and/ or other additives, nmakes the catalytic systemor H202 sol ution
unstable. Thi's nmakes it necessary to add stabiliz- ers with costly
purification operations of the H202 solu- tion produced before its use; D)
| ow product i vistiyeanhese| @t jsanagnsiathen r ehicHe ofxepeds 52t HELPE odtiéfRon of
H202 solutions which are too dilute for economc industrial exploitation;
E) | ow st abil depeofiingeopatipy Pressyse eAnd n8eRCeHEAELE- Afi fir cSREFEF ons.
For exanple, U S. patents 3,361,533, 4,009,252 and 20 4,661, 337 describe
processes for firee prBphe &% Y PIPO2 which use gaseous mi xtures of H2 and

02 which are typically included in the explosjvity range...To avoid these
saf ety probl efs, séﬁéan’B‘é‘éss‘él%e‘i?é'e“’ign-ouﬁégiiﬁugh%n St ex é‘%f:lgg of

solutions. 25 U S. patent 5,194,242 describes a ¢ ' process ;.3 1
Decenber 28504 HeoP: t BéXprESr abhon UsF Fdat i aaare%%%é 50 u%tason%mhlé%:hlgom

prises the use of a.suitahle regctor and a_m xt of - d leRckat i os
with each ot héitsit fioh ! ExﬁPgsP\‘?lEt yer?"aﬁéqneﬁ(%%{ ee“%le%dit%ig% tE%%tsﬁec

reactor, but oy gide LA [aNgS . SohlchDondfRERS Stream | eaving the

C) the use in the reaction medium of high concentrations
of promoters, for examplé acid, halogenated promqters
10 and/or other additives, makes the catalytic system or HO:
solution unstable. This makes it necessary to add stabiliz-
ers with costly purification operations of the H0; solu-
tion produced before its use;
D) low productivity and selectivity of the reaction or
15 the production of H;0; solutions which are too dilute for
economic industrial exploitation;
E) low stability of the catalytic system under the reac-
tion conditions.
For example, U.S. patents 3,361,533, 4,009,252 and
20 4,661,337 describe processes for the preparation of Hz0;
which use gaseous mixtures of H; and O; which are typically
included in the explosivity range.
. To avoid these éafety pﬁoblems, some processes use in-
genious and complex reactor solutions.

25 U.S. patent 5,194,242 describes a continuocus process



U S. patent 5,641,467 describes a continuous process for the preparation
of H202 from H2 and 02 which operates w thin the expl osi WetymbanP®oaf
H2/ 02 m xtures using a re- action apparatus suitable for producing a series
of : -gas- 10 bubbl-es sufficiently snmall and sufficiently dispersed and o
separate fromeach other in the liquid reaction nediumas to avoid any
possi bl e explosion in the reactor. These processes however are conplex from
an industrial fpg ntheofprepewnabiboh t ¢t H.0:ntini aguecsafsilyptiiondebbthukomis
Nurer ous ot her processes describe, on the other hand, the use of mxtures
of H2 and 02 pgaises Iphdr ogenofi e suiliatlecoreashtranhndng ofixHRref ofedls t han
4-5% by volume with respect to the gaseous m xture, for the same purpose,
i.e. to avoi dasdf Qzy i obrleles deitli RGChr ofhehe vasb1inf thRpladPlesivRbY H2- 02
m xtures. These processes, however, use extrernely high concen- trations of
02, whose use r&nggl §npbhaifRedingge hCopb a¥$3RFCL - nPHA AdTBins t3diSv&EARIRedi um
and they are therefore nor- mally directed towards the production of
aqueous H202 sdputhgsgaseniss sbreRRdlREVITe MeLEREEOBf organic nediums. - 4
1 Decenber 2004 For_exanple, U S. aﬁfatent 5,.500, 202 descri bes a con-
tinuous process forUthe BREFRY aPi Ph o6 AdiRIFFIPES Gt i GHE 1BHOUERBFOLEER o
and 02 which operates in a "tgsi,ckle bed" reac- tor _using,.i.n the feﬁdisng, a
gaseous i xt ur &5 8 FFERITEEL8R: ’FnfRT 446, A)atg\t]g‘ 81 ¥Hd<Br °R5*8ha
- 0,

57-62% by vol urvrwl:ia.tglzi.n the explosivity range of Hp/O; mixtures using a re-

action apparatus suitable for producing a series of. gas
10 Dbubbles sufficiently small and sufficiently dispersed and

separate from each other in the liquid reaction medium as

to avoid any possible explosion in the reactor.

These processes however are complex from an industrial

point of view and their intrinsic safety is doubtful.
15 Numerous other processes describe, on the other hand,

the use of mixtures of H, and O; poor in hydrogen, i.e.

with concentrations of H; of less than 4-5% by volume with

respect to the gaseous mixture, for the same purpose, i.e.

to avoid safety problems deriving from the use of explosive

20 H,-0, mixtures.

These processes, however, use extremely high concen-
trations of 0O,, whose use is only possible when operating
in an -aqueous‘ solvent mediufn and they are therefore nor-
mally di:eéted towards thé production of agueous H;0; solu-

25 tions, excluding the pi‘esence of organic mediums.



02, so that the mxture leaving the reactor is outside the explosivity
range. U.S. 'patent 4,279,883 describes a continuous prdacessemdear 20he
preparation of aqueous solutions of H202 fromHz:-and 10 02 characterized
by a particular pre-treatnent of the solu tion and catalyst with H2 and in
whi ch the m xtures of gases at the outlet of the reactor is kept with the
vol ume conposition of 3% H2 and 30% 02, the remaini ng percentage being N2.
15 International p#&bentexampliecabi.sn WOtedL14Q2350¢d282r idbesrikepracess-f or

t he preparation of aqueous solutions of H202 from H2 and 02 characterized
by the use of tpartdusupapceas afot ydies pangasatabin iofe aguepus heolodtiaingt o€
activity and carried out in the presence of gaseous m xtures kept outside
the 20 expl osiHsOb yEtomiHzs apfl PR, whiiath cperisseagined [I'Brifhle hedh aeac-
preferably mxed with N2 to obtain a preferred H2/ 02/ N2 com position equal
to 3.20/ 86. 8%tk 096inspetri they fBpdidFune. JosEEERatTiEhare pafenk/O02/N2
application WO 92/ 15520 describes a process for the preparatiqon of aqueous
sol uti ons &f Walﬁnﬁréﬂﬁ@-%d’mfogﬁﬁﬁa‘éf-éﬁ ed 5?/“@?1% b & dmgaPti cul ar
cata 5 1 Decenber 2004 |ysts and stabilizers of the catalytic activ'hty and
carried out i9etKe pPEkehbe BIXYHSIREVERT: GRESTRRPICO S iYL SRE the
explosivity limts of H2, with 02 being fed in pure form wthout inert
gases. 5 Europ¥@H-qsdiéht Tpp¥¥cati on EP-627, 381 describes a :

U.S. patent 4,279,883 describes a contilnuous  process
for the preparation of aqueous solutions of H20; from Hz and

10 0. characterized by a particular pre-treatment of the solu-
tion and catalyst with H, and in which the mixtures of
gases at the outlet of the reactor is kept with the volume
composition of 3% H, and 30% O, the remaining percentage
being N,.

15 International patent application WO 93/14025 describes
a process for the ?reparation of acueous solutions of 'H202
from H, and O, characterized by the use of particular cata-
lysts and stabilizers of the catalytic activity and carried
out in the presence of gaseous mixtures kept outside the

20‘ explosivity limits of H,, with O; being fed in pure form or
preferably mixed wieh ﬁz to obtain a preferred H;/0,/N; com-
position equal‘ to 3.2%/86.8%/10.0% respectively by volume.

Intefnational patent appiicetion WO 92/15520 describes
a process for the preparation of aqueous solutions of H;0;

25 from H, and O, characterized by the use of particular cata-



process for the preparation of aqueous solutions of H202 from H2 and 02
characterized by the use of particular cata- |ysts and daDecegbaut2Ciod the
presence of gaseous m xtures kept outside the explosivity limts of H2 in
the presence 10 of inert gases such as nitrogen so as to obtain a preferred
H2/ 02/ N2 conposition equal to 3% 47% 50% respectively by volune. In al

t hese processes high concentrations of 02 are used, which are scarcely

conpati bl e withydtes usd stablBid@rs b bhe edwganitdcr aaeivory sty ebrriedi uns.
In other cases, the use of mixtures of H2 and 02 out- side the explosivity

range and usi ngpdtowicotkenpraséntts of gdikdusoudxtarbaveept! awtseaet tha
productivity and selectiv- ity or to produce H202 sol utions which are too
dilute for 20 eplecdindric lindust cifalH.expitht ai i loamind-ofed@ximpberd). Sorpat ent
5,082, 647 describes a process for the preparation of aqueous sol utions: of
H202 from H2 anditl@tchaeatteaseed by the use of particular catalysts and
carried out in a trickle bed reactor, feeding a gaseous 25 m xture

contai ning % of HEugpeanumatientai applivathione Binsd P 8becdemaribegdapl e
descri bed, after 5 hours the solution re-circulated through the reactor
cont ai ned 0. 3%RsfoaeEs2. fqr orswhBrePRrape (e r@irnre IHQGIPECctaly Habk
setting wup a process for the direct synthesis of H202 fromH2 and 02 5
whi ch can be us@®moilannd Meshprarteshiaed Mydéhesyper 9f appprticular cata-

lysts and carried out in the presence of gaseous- mixtures
kept outside the explosivity limits of H, in the presence
10 of inert gases such as nitrogen so as to obtain a preferred
H,/0;/N, composition equal to 3%/47%/50% respectively by
velume.
I;l all these processes high concentrations of 0O, are
used, which are scarcely compatible with the use of flamma-
£I_5 ble organic reaction solvent mediums.
In other cases, the use of mixtures ofi H, and 0; out-
side the explosivity range and using low concentrations of
0, prove to have a low reaction productivity and selectiv-
ity or to produce H;0, solutions which are too dilute for
20 an economic industrial exploitation.
For example U.S. patent 5,082,647 describes a process
for the'preparation of aqueous solutions of H,O, from H, and
O, characterized by the usé of particular catalysts and
carried out in a trickle bed reactor, feeding a gaseous

25 mixture containing 3% of H; by volume in air. In the exam-



econoni cal | y advant ageous conditi ons, does not appear to have been reached
as yet. In particular, the-objective of producing stabl & petembdd @esaCk
H202 in aqueous-organic nediuns with a concentra- 10 tion suitable for
direct use in oxidation processes, on an industrial scale and under safety
and econom cal |y advanta- geous conditions, seens even nore difficult to
reach. For exanple, U S. patents 4,389,390 and 4, 336, 238 de- scribe a
conti nuous propekss deseribed pr efiaeat isonhairsaqtkouseolibiat gaeeischlbtans of
H202.from H2 and 02 which use a verti cal tubular catalytic packed reactor
operating in etorcugk tlentreeftgascamichirieguiod3&nof (HeORg a gaseous m xture of
H2/02 ‘in the feeding, containing 6.3% by volume of H2 and 95. 7% by vol une
Of 02 20 European pateantwhappliscsapeoifsiddPabgye6sithambieRrtige2e83setdingct ed
towards the production of aqueous- al coholic solutions of H202 and their
use in the epoRpda-praasssoffopr 6hgl éheectdaymthpeiprot dbestfam H:hand O,
preparation of these solutions in the presence of a halide and a netal 25
- of the platd nuhiphupan vipe 199 Qs ATbf INGUStELAND SRR ke uvRden FRiahbeaanP004
.. having a conposition _equal _to 2:4% 24% 73. 6% respecti vel by vol une, or
usi ng H2 di | ut @EPRMiGaLl 1yy 12 O tegEoRR pIcoFAS E1PRS: | ARes s,no?én apeeR thRe
concentration of H202 in the solu tions obtained ranges from0.05%to 0.39%
by wei ght. 5 |Re¥¢ RaSTOASACBSEeRT ¥pl i cati on WD 98/ 16463 | i kew se

ri r ir r > pr, i on.. of
describes a p OceSSInd pa?:%%.gglégyvatlges Ko) '}%a@i@gug porodu(c):ing stable solu-

tions of H;0, in aqueocus-organic mediums with a concentra-

10 tion suitable for direct uge in oxidation processes, on an
indusﬁrial gscale and under safety and economically advanta-
geous conditions, seems even more difficult to reach.

For example, U.S. patents 4,389,390 and 4,336,238 de-
scribe a continuous process for the preparation of agueous-

15 organic solutions of H;0, from H, and O, which use a verti-
cal tubular catalytic packed reaétor operating in equicur-
rent of gas and liquid and using a gaseous mixture of Hg/o;
in the feeding, containing 6.3% by volume of H, and $95.7% - -
by-volume of 0.

20 European patent applications EP-787,681 and EP-
812,836, directed tdwards the production of aqueous-
alcoholic solutions of Hz;0; and their use in the epoxida-
tion of propylene, describe processes for the preparation
of these solutions in the.presence of a halide and a metal

25 of the platinum group, with the use of H,/0,/N; mixtures



aqueous-dl coholic solutions containing at |east 2.5%by weight of H202,
carried out on nmonolithic forned catal ytic bodies, whi ahDasesbar 2boaes of
H2 and .02i optionally, in 10 the presence of inert gases, or m xtures of
H2 and air out- side the explosivity limts for H2. The illustrative
exanpl es of this docunent however all conprise the use of mxtures of H2
wth pure 02. In addi- tion, fromthe exanples it can be observed that when
the 15 gas streawihg@dat @oimpesiebmi oequsl W h2 net frst k3681 Helspeckivelyg (H2
concentration equal to 10% by volune in pure 02), solutions of H202 are
obt ai ned at 4- By bylwe: ghir wisting Heldidtutedt iesair t butreikize chet explPosingi ng
from70 to 82% Viceversa, when a gas streamis used in the feeding

out side 20 theiexplositvét yid iwhicd, theonoeentatatdonobfHE@qdal the 483ty
volunme in pure 02), the concentration of H202 obtai ned.does not exceed

2. 7% and t he séliensiabtainsgl cahgeediyen [0 .108$p&et 0t IO HDWMsIghteo 68%
Therefore not even this process overcones the problens 25 deriving from
the use of %®xpl osi vERtAsnayiesadf pabend apelicabdosntey 98004468 omikfpdispor
conpatibility of high concentrations.of 02 with f|lammabl e organic reaction
medi uns. Summafi§serikee PnVRFRGSHF | Aleerredspbevasis t ﬁé‘eprlégféglcqlﬁVen‘?f on,
there is provided a process_for the continuous ,production of alcoholic or
hydr o- al cohol | BISPER TDNFONRALLR F£PERRENt CANEIRIPEC 2corfBRAt, 20 *hyR¥ ogen

eroxi de, which conprises: . s .
P wegggP of H;0,, carried out on monolithic formed catalytic

bodies, which uses mixtures of H, and .0,, optionally.- in
10 the presence of inert gases, or mixtures of H, and air out-
side the explosivity limits for H,.

The illustrative examples of this document however all
comprise the use of mixtures of H; with pure 0,. In addi-
tic;n, from the examples it can be observed that when 1;.he

15 gas stream fed to the reactor is within the explosivity
limits (H; concentration equal to 10% by volume in pure
0.), solutions of H,0, are obtained at 4-7% by weight with
selectivities with respect to H; ranging from 70 to 82%.
Viceversa, when a gas stream is used in the feeding outside

20 the explosivity limits, (concentration of H, equal to 4% by
volume in pure G,), the concentration of H,0, obtained does
not exceed 2.7% and the selectivity calculated with respect
to H, drops to 68%.

Therefore not even this procéss overcomes the problems

25 deriving from the use of explosive mixtures of H;-0, and



(a) feeding to a reactor, which contains a catal yst based on palladi um and
pl ati num, heterogeneous and mai ntained in dispersion iinDacdngd ¢dopeacti on
medium (i) a liquid streamconsisting of an al cohol or an al cohol - water

m xture-with a preval ent al coholic contect containing an acid pronoter and
a hal ogenated pronoter; (ii) a gaseous stream containing hydrogen, oxygen
and an inert gas, characterized in that the concentration of hydrogen is

| ower than 4fi5% hevebunecamehtiibél toncentiviaghl epnceftmoigen bs dowercht han
21% by vol unme, the conplenent to 100 being an inert gas; (b) renoving from
t he reactor: fXanmapla ¢irguriid staemimrcowrsgisnsng of the stream (i) and al so
cont ai ni ng hydrogen peroxide and the water produced by the reaction,
characterized in that the concentration of hydrogen peroxide ranges from
2% to 10% by weight; and (iv) a gaseous stream essentially consisting of
non-reacted hydrogen and oxy@emuamd otftheh¢ nervengasn - 9 1 Decenber 2004
Detail ed Description of the Invention It has now been found, according to
the present invention, that it is possible to overcone the drawbacks of
the known art di sBuss@@¢ apawest usifngthe bignsisghtcairztgiiopasethersn pgal | adi um
and pl atinum as active conponents, a liquid reaction nmedium consisting of
an al cohol o®r&Hdghcahbrosmserforntie upentiinprua predudtdnn af cahetlicd icont ent

and a gaseous ) .
or hydro-alcoholic solutions with a prevalent alcoholic

content, of hydrogen peroxide, which comprises:

(a) feeding to a reactor, which contains a catalyst based on
palladium and platinum , heterogeneous and maintained in
dispersion in a liguid reaction medium:

(i) a liguid stream consisting of an alcochol or an alcohol-
water mixture with a prevalent alcoholic contect containing
an acid promoter and a halogenated promoter; .

(ii) a gaseous stream containing hydrogen, oxygen and an
inert gas, characterized in that the concentration of
hydrogen 1is lower than 4.5% by wvolume and the concentration
of oxygen is lower than 21% by wvolume, the complement to 100
being an inert gas;

{b) removing from the reactor:

{(iii} a liguid stream consisting of the stream (i) and also
containing hydrogen peroxide and the water produced by the
reaction, characterized in that the concentration of hydrogen
peroxide ranges from 2% to 10% by weight; and

{iv} a gaseous stream essentially consisting of non-reacted

hydrogen and oxygen and the inert gas.



stream cont ai ni ng hydrogen, oxygen and an inert gas, in which the
concentration of hydrogen is |less than 4.5% by vol une, 1itbecadreentoati on
of oxygen is less than 21% by vol une, the conplenent to 100 being inert
gas, to produce al coholic or al cohol -aqueous solutions of H202 at a
concentration ranging from2 to 10% by weight wth a high reaction
productivity and selectivity and a high stability of the catalytic
activity over a periodpetaildteDedBERS: Ic9A6E| Oe CORGNELENS provi de
substantial advantages, in particular: (1) The possibility of carrying out
the process under high safety conditions, with respect to the handling of
both hydrogen-oxygen m xtures and al cohol - oxygen nxitures. In fact,
operating bel ow 41t5%Has vabuwnmebedn hyibiaden ascowling owbsi diee t hereaeplcosi vity
zone of H2-02-inert gas mxtures. Simlarly, when operating bel ow 21% by
vol une of 02invensksn, dehavi hig is oppididler esencerobnal cloholirawbaidhe gdseous
phase, - 9a 1 Decenber 2004 owi ng-to the reduced quantity of fuel,. in the
reacti on nme-thdi kmewnaset ndidavszed. abovegddistingna biet@dncentigdt dased H202
in the solu- tions produced according to. the invention is such that 5
t here are noon npedbadiuny phednedehinumn nked acgivhe qumeseanes of aorlgamiic
sol vent, phenonena which normally occur at nmuch higher concentrations. (2)
The possi bi |i¢actegbnmvadimne i agistiseéivgnecénsn atloi®lofor an alcohol-water

mixture with a prevalent alcoholic content and a gaseous

stream containing hydrogen, oxygen and an inert gas, in which

the concentration of hydrogen 1is less than 4.5% by wvolume,

the concentration of oxygen is less than 21% by volume, the

complement to 100 being inert gas, to produce alcoholic or

alcohol-aqueous solutions of H;0, at a concentration ranging

from 2 teo 10% by weight with a high reaction productivity and

selectivity and a high stability of the catalytic activity

over a pericd of time.

These reaction conditions provide substantial

advantages, in particular:

{1) The possibility of carrying out the process under high

safety conditions, with respect to the handling of both

hydrogen-oxygen mixtures and alcohol-oxygen mxitures. In

fact, operating below 4.5% by volume of hydrogen 1is well

cutside the explosivity zone of H,-O,-inert gas mixtures.

Similarly, when operating below 21% by volume of 0;, risks

deriving from the presence of alcohel in the gaseous phase,

- 93 -



aci d and ‘hal ogenated pronoter present in the liquid reac- 10 tion nedi um
This has beneficial effects on the stability of the catal petemisyrsteeny on
the stability of the H202 solu- tions obtained and on the possibility of
the direct use of the above solutions in the oxidation processes nentioned
above. 15 (3) The production of solutions of hydrogen peroxide with a
conposition and concentration adequate for direct use and economcally
valid in oxi dabwimg ptocelss esedgerkeralanyitgngf ifoglf iomtRés readébymerei ght .
In accordance with this, the present invention relates 20 to a .process for
t he conti nuousdpumduats ovindfmigeédohol ic or hydro-al coholic solutions with a
preval ent al coholic con- tent of hydrogen per oxi de, which conprises: (a)
feeding to a reactcit afdidharontdigscenesntatargonhafedi:0on ipaltheli #edwmd

pl ati num heterogeneous and maintained in 25 dispersion in a |liquid
reaction medi ukion® predpeedniperordbag (fp-athe gdrveRti®hm-Eolicl i Al an
al cohol or an alco- hol-water m xture with a preval ent al coholic content
con- tainirky akheks days o%té‘i‘s%]a‘tﬁ(alﬁ?gé‘ﬁ’&faéﬁ piBketeFo Fhe)PECHRMOUS

st ream cont ai ni ng hydr ogen, gen_and an 5 jnert gas., characterized in
that the conceﬂ?r%’f’ﬁf%‘bfsorﬂ’e roBEﬁn?‘EelF%m‘ﬂ?lqlhéwrﬂ‘a%% b§FOF uie WM t he
concentration _ of oxygen is |ower than 219*- by volune, the conplenent to
100 being an ifEFRefoncentrations.

(2} The possibility of minimizing the coqcentrations of
acid and halogenated promoter present in the liguid reac-
10 tion medium. This has beneficial effects on the stability
of the catalytic system, on the stability of the H,0, solu-
tions obtained and on the possibility of the direct use of
the above solutions in the oxidation processes mentioned
above. |
15 (3) The production of solutions of hydrogen peroxide with
a composition and concentration adequate for direct use and
economicélly valid in oxidation processes, generally rang-
ing from 2% to 10% by weight.
In accordance with this, the present invention relates
20 to a process for the continuous production of alcoholic or
hydro-alcoholic solutions with a prevalent alcocholic con-
tent of hydrogen peroxide, which comprises:
(a) feeding to a reactor, which contains a catalyst based
on palladium and platinum, heterogeneous and maintained in

25 dispersion in a liquid'reaction medium:
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(b) renoving fromthe reactor: 10 (iii) a liquid streamessentially
consisting of the stream U) and al so containi ng hydrogdnppeesxdiecaad t he
wat er produced by the reaction; characterized in that the concen- tration
of hydrogen peroxide ranges from2%to 10% by weight; and 15 (iv) a
gaseous stream essentially consisting of non- reacted hydrogen and oxygen
and the inert gas. The reactor used can be any reactor suitable for oper-
ating in contiQepus ANTHaoRdutireag chasisaiid af iam alicoholpbasan slysdem
such as that described, obtaining an effec 20 tive contact between the
gaseous phase, hbl quatephateard wite «agpedvwsiientmiaitcahpéici nontaper gdon
(so-called slurry system. Reactors suitable for the purpose are, for
exanpl e, stirteinieqaciors;id phbieteraridras hagagehafed megoobes; with 25
internal or external circulation, as described in the art. - 11 1 Decenber
2004 The react diil sa kepseomslestreamt gbnbaimiser Aydragdeind oigeds ansl an
conditions. According to the process object of the present invention, the
t enper at ur €5 noinart ygrangebafaoterizegC imo Wat, theefconsBRyTatm 0F tRY40C.
The pressure 5 normally ranges from| to-300 bars, preferably from40 to
150 bars. The feegeenéd lptvier ofhamett$HUr¥ TRHIMAN e (CORCeBErat il | y

ranges fromO0.05 to 5 hours, preferably fromO0. 10
of oxygen is lower than 21% by volume, the complement to

100 being an ine;t gas;
{b) remowing from the reactor: =

10 {iii) a liquid stream essentially consisting of the stream
(i) and also containing hydrogen peroxide and the water
produced by the reaction, characterized in that the concen-
tration of hydrogen peroxide ranges from 2% to 10% by
weight; and

15 (iv) a gaseous stream essentially consisting of non-
reacted hydrogen and oxygen and the inert gas.

The reactor used can be any reactor suitable for oper-
ating in continuous and conducting the reaction in a tri-
phasic system such as that described, obtaining an effec-

20 tive contact between the gaseous phase, liquid phase and
the catalyst maintained in dispersion (so-called slurry
system) . |

Reactors suitable for the purpose are, for example,
stirred reactors, bubble reactors, gas-lift reactors with

25 internal or external circulaticn, as described in the art.
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to 2 hours. 10 The catal yst which can be used for the purposes of the-
present invention is a heterogeneous catal yst containing Dpedrizdi andéand

pl ati num as ‘acti ve conmponents. In these catalysts, the palladiumis
normal-ly present in a quantity ranging fromO0.1 to 30 by weight and the
15 platinumin a quantity ranging fromO0.01 to 1% by weight, with an atomc
rati o between plati numand palladiumranging from 1/500 to 100/100. The

pal | adi um is preferaidyrpaesent iish legilamhddy  stbrahlng femparhtdireo 204 by
wei ght and the platinumin a 20 quantity ranging fromO0.02 to 0.5% by
wei ght, w th aprabeiuire d@idiaibeiswerbcptdingum ahd pabdeadi vbyjeangbhigcHe om
1/200 to 20/100. In addition to palladiumand platinum other netals of
group VII1 or bBessuthimsrftdrongxahpl etempairtatnrem notnedilym ra@gesri trarm and
gold, can be present as active conponents or - 12 1 Decenber 2004
pronoters, in alodficént B8 Conpgefierably Avem hpYPetrot ABNC. t Aae Pfesdsure

pal | adium The catal yst can be prepared by dispersing-the active
conponent s ©n anrinaktly tangéerixnm redins B0 dragei pprateoabls &ew A0 to

i npregnation starting from precursors consisting for exanple of solutions
of their salts18P batrsibl e conpl exes, and then reduced to the netal state

by nmeans of thermal and/or chemcal treatnment with reduci ng substances
such as - The residence time of the liquid medium in Ehe reactor

normally ranges from 0.05 to 5 hours, preferably from 0.10
to 2 hours. | -
i0 The catalyst which can be used for the purposes of the-
present invention is a heterogeneous catalyst containing
palladium and platinum as active components.
In these catalysts, the palladium is normally present
in a gquantity ranging from 0.1 to 3% by weight and the
15 platinum in a guantity ranging from 0.01 to 1% by weight,
with an étomic ratic between platinum and palladium ranging
from 1/500 to 100/100.
The palladium is preferably present in a quantity
ranging from 0.4 to 2% by weight and the platinum in a
20 quantity ranging from 0.02 to 0.5% by weight, with an
atomic ratio betweenrplat'inmn and palladium ranging from
1/_200 to 20/100‘.
In addition to palladium and platinum, other metals of
group VIII or IB, such as for example, ruthenium, rhodium,

25 iridium and gold, can be present as active components or
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hydr ogen, -sodium form ate, sodiumcitrate using preparative 10 techniques
well known in the art. The inert carrier may typically dobsfsibax 290Ki ca,
alum na, silica-alumna, zeolites, activated carbon, and other materials
wel | known in the art. Activated carbon is preferred for the preparation
of the catalysts useful for 15 the invention. Activated carbons which can
be used for the purposes ., of the invention are sel cted fromthose of a
fossil or natHFrQ&}o':&rrggl Ae? | \?Pﬁﬁeﬁ]&?ﬁ%’odgexﬁ Yo, "Yeal e otBABt  and
havi ng a surfatg}ej1 reatig han 300 nR2/g and mhlch 20 can reach 1400
nk2/g, in parti surface area greater than 600 n2/g.

Preferred activated,carb re . thgse w th I s ten ul £ onat ed
activated carbons géscrlgegygt aﬁ?aﬁmeg?Fg§58§%?l%%ﬂf det Foﬁ %F 98201843
are al so useful r- geiher gpting
or inpregnati ng onetm:t%'alf‘):’l%1 afnh(]al%}aecx-lc %%/ate tﬁognéér#%;%fb?gs%{)ﬁégtgg £

preatment guc /gﬁﬁ%&gfegﬂaww iz %;theﬂreﬁ@tp%rec%safga&mst%ghfaeI ds,

bases or 57diluted oxidizing agents, exanpl e acetic acid ro-

chloric acid, éﬂ@ G %%Eeoﬁgdobyéﬁégfnsm&xcbldesoﬂmecaéoa%pﬁkeg,s
normal |y dlsperse In the reaction mne-

and then reduced to the metal state by means of thermal

and/or chemical treatment with reducing substances such as

hydrogen,~sodiuﬁ formiate, sodium citrate using preparative
10 technigques well known in the art.

The inert carrier may typically consist of silica,
alumina, silica—alumina, zeolites, activated carbon, and
other materials well known in the art. Activated carbon is
preferred for the preparation of the catalysts useful for

15 the invention.

Activated carbons which can be used for the purposes
of the invention are selected from those of a fossil or
natural origin deriving from wood, lignite, peat or coconut
and having a surface area greater than 300 m*/g and which

20 can reach 1400 m’/g, in particular those having a surface
area greater than 600 n?/g.

Preferred activated carbons are those with a low ash
content.

sulfonated activated carbons described in Italian pat-

25 ent application MI 98A01843 are also useful for the pur-
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dium at a concentration ranging fromO0.1 to 10% by weight, preferably from
0.3to 3% by weight. 10 The liquid stream (i) consists o&f DererddegoB0D40r

m x- ture of Cl-C3 alcohols or a mxture of these alcohols with water with
a preval ent alcoholic content. A mixture with a prevalent alcoholic
content neans a m xture containing nore than 50% by wei ght of al cohol or
m xture of al cohols. Anbng 15 Cl1-C3 al cohols nethanol is preferred for the
purposes of tpesgresent invention. Among the mixtures, a mxture of

met hanol and wat er containing at |east 70% by wei ght of nethanol, is

- preferred. The |i quiefsta eappatrtdngoat aimsregnaddng phenmebalandth®Cac-

hal ogenat ed pronoter. The acid pronoter can be any substance capabl e of
gen- erating Hpitbgtedgearhansam beheubjgoted readtiestnendi anrhnds wash-
generally selected frominorganic acids such as sulfu- ric, phosphoric,
nitric acids oinfir whilor@bstiicllasi geteuchr abrosemant gty acids, F¢r9% acid
and phosphoric acid are pre - 14 1 Decenber 2004 ferred. The_concentration
of the aci d5gefétatey pubyeaing Ggents t FOr0GFRYLpercREISf 2SH ut AN
preferably from50 to 500 ng per kg of solution. The hal ogenated pronoter
can be any subshiatic apigh] €oddugf cyEhRds AGINBYHRIET SREOFAYRhe | i qui d
reacti on nedium Substances capabl e of _generati ng%b_rom de ions,are pre-

ferred. These substThReRtEFSGehsr BPTNREY SLFBATFEOMhydifpreaction m

dium at a concentration ranging from 0.1 to 10% by weight,
preferably from 0.3 to 3% by weight. i
10 The 1liquid stream (i) consists of an alcohol or mix-
ture of C;-C; alcohols or a mixture of these alcohols with
water with a prevalent alcoholic content. A mixture with a
prevalent alcoholic content means a mixture containing more
than 50% by weight of alcohol or mixture of alcohols. Among
15 ¢;-C; alcohols methanol is preferred for the purposes of
the present invention. Among the mixtures, a mixture of
methanol and water containing at least 70% by weight of
methanol, is preferred.
The liquid stream also contains an acid promoter and
20 halogenated promoter,
| The acid promoter can be any substance capable of gen-
erating H' hydrogen ions in the liguid reaction medium and
is generally selected from inorganic acids such as sulfu-
:id, phosphoric, nitric acids or from organic acids such as

25 sulfonic acids. Sulfuric acid and phosphoric acid are pre-
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bromc acid and its salts soluble in the reaction nmedium for exanple

al kal i ne brom des, hydrobrom c acid being pre 10 ferred.l Theemmncedbrati on
of hal ogenated pronoter generally ranges fromO0.1 to 50 ng per kg of
liquid nediumand pref- erably from1 to 10 ng per kg of liquid nedium The
gaseous stream (ii) at the inlet contains a con- centration of hydrogen of

| ess than 4.5% by volunme and a 15 concentration of oxygen of |ess than 21%
by vol une, the fearpientid danckd@rbeioy ah tihwerEcidagenswaidly irsingerefadhy
selected fromnitrogen, helium argon. Said gas is prefera- bly nitrogen.

I n the gaseous 28t tea®dRPingtiper dncehtscdutdanopndypiieferablyefirpnefer adl y
ranges from2%to 4% by volune and the con- centration of oxygen preferably
ranges from 60$00omg5pebykd i FedutIpe. oxygen can be supplied in said
streamusing as raw nmaterial, pure or substantially pure oxygen, enriched
air, 25 containi ngTherhabegmiader; BFPPOtED S@ ke JY GAWSSANSEr cappkle 15

1 Decenber 2004 conposition of the streamthen bejin brou ht to the desired
val ues, defPne@falgsperabing npakerfn i Pnorih e t]a’ﬂ”gdcﬁﬁa E&ARy BEALHM of
inert gas. The liquid stream (iii) .at the outlet of the reactor 5 nornmally
has a concent r &F§R3BFHy FFB ﬁepé’rfoxﬁﬁlée’r'%‘?fd’r%gbr?rf‘ 296ED FI% by  Wei ght

0, 0,
and pref erably 1 om 3910, 8% B MELON. o | orth$1 6B AL 2oL lapp oot e

bromic acid and its salts soluble in the reaction medium,
for example alkaline bromides, hydrobromic acid being:pre-
10 ferred. The concentfation of halogenated promoter generally
ranges from 0.1 to 50 mg per kg of liquid medium and pref-
erably from 1 to 10 mg per kg of liquid medium.
The gaseous stream (ii) at the inlet contains a con-
centration of hydrogen of less than 4.5% by.volume and a
15 concentration of oxygen of less than 21% by volume, the
complement to 100 being an inert gas, which is generally
selected from nitrogen, helium, argon. Said gas 1s prefera-
bly nitrogen.
In the gaseous stream (ii) the concentration of hydro-
20 gen preferably ranges from 2% to 4% by volume and the con-
centration of oxygen preferably ranges from 6% to 15% by
volume.
The oxygen can 5e supplied in said stream using as raw
material, pure or substantially pure oxygen, enriched air,

25 containing for example'from 21 to 20% of oxygen or air, the
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pronoter in quantities equal to those introduced together wth the -liquid
stream fed, and water in a quantity equal 10 to that i ntr Detegedrw2h4t he
liquid streamfed, to which the water obtained as reaction by-product is
added. The latter normally represents an additional concentration ranging
fromO0.5%to 2.5% by weight. The liquid stream (iii) is separated fromthe
catalyst 15 by neans of filtration techniques well known in the art, for
exanpl e by the cémpositiohtel yheugsreah uctad heisgdbrohght reacher desiteda
specific re-circulation cycle of the reac- tion mxture, outside the
reactor.. In thkiadukalt defivesd albwre,t dngditd addiitibnacifon tsedhableecoan al so
be conveniently 20 used. The liquid stream (iii) is stable to storage

wi t hout the neeassatyjonfofaddieny gaabilizing substances and is suit- able
for direct use in oxidation processes downstream such as the anmoxi mation
of cycl ohexanone t oTbyclbiredchneteeagy i (ke i25 ajtn thige optéstneé sheamadarar and
H202 and the oxidation reac -.16 1 Decenber 2004 tion with H202 of

propyl ene tB propyppdhe bREde. cPRecpbEdoii f dfAYAder FeroKddeurrBEi®d the
reactor, essentially consisting of non-reacted hydrogen and oxygen _and of

the inert gas, fgemeral b9 A&t dvndedahbl and PERESFABLY rIH R HfthyRfF dgen

equal to or lower than 2% _normally ranging,fromO0.5 to 1.5% and a yol une

concentration #eigbkygdh F:FRrEMAIIGWERSt RGHD 18IS ™ RGFREEET om 6%

promoter in quantities equal to those introduced together
with the diquid stream fed, and water in a quantity equal

10 to that introduéed with the liquid stream fed, to which the
water obtained as reaction by-product is added. The latter
normally represents an additiomal concentration ranging
from 0.5% to 2.5% by weight.

The liquid stream (iii} is separated from the catalyst

15 5y means of filtration techniqueé well known in the art,
for example by the use of filter plugs situated inside the
reactor or in a specific re-circulation cycle of the reac-
tion mixture, outside the reactor. In this latter case the
tangential filtration technique can also be conveniently

20 used.

The liquid stream (iii) is stable to storage without
ﬁhe necessity of adding stabilizing substances and is suit-
able for direct use in oxidétion processes downstream such
as the ammoximation of cyclohexanone to tyclohexanone-oxime

25 in the presence of ammonia and H,0, and the oxidation reac-
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to 12% In an enbodi nent of the process of the present inven- 10 tion, the
gaseous streamat the outlet of the reactor is recycled Decdnierf 868éng to
the reactor, after flushing from the system the fraction necessary for
elimnating the quantity of inert gas introduced in excess with the
feeding particularly when air is used as oxygen source. In this 15 case,

t he gaseous stream (ii) fed to the reactor consists of the recycled
fraction of theiahowttistH;eardf iptopylehd tdgropgdeheotxide.a quantity of

hydr ogen and .oxygen (as such or in the formof air or enriched air)
essentially equal tThe tdeatecusedtupaby (ive acadtd eutded dhAathé| nshaeitbr,20
According to anot her enbodi nent of the process of the present invention,

t he gaseous stesaemfiallyt eavisigtiing of- naat-oepacted edlydxoogare axd noxyggen
subsequent reactors operating analogously to the one previously described,
after adding endhofi tbheainexint g2y, ofetnuildyeroandinxygerolame sceiean- in 25
the formof air or enriched air) essentially equal to that - 17 1 Decenber
2004 used up byrakion et hyAraperhegukbstpl &%e Javephdhsitngd’e reormprily s.
Operating under the above conditions, it is possible to produce hydrogen
per oxi de under *3agEry EBAMEI P BnonikP%a BTG encYPHH I eI AARLORordfal | y
ranging from 30 to 200 g of H202 (expressed as 100% H202) per liter of
reacti on nedi URKYPRR FRRATEAY WiAeTa thEParl88el BEETTRILY TREME fHmn 6%

formation
to 12%.

In an embodiment of the process of the present inwven-

10 tion, the gaseous stream at the outlet of the reactor is
recycled to the feeding to the reactor, after flushing from
the system, the fraction necessary for eliminating the
guantity of.inert gas introduced in excess with the feeding
particularly when air is used as oxygen source. In this

15 case, the gaseous stream (ii) fed to the reactor consists
of the recycled fraction of the above stream (iv), with the
addition of a quantity of hydrogen and oxygen (as such or
in the form of air or enriched air) essentially equal to
that used up by the reaction and that flushed.

20 According to another embodiment of the process of the
present invention, the gaseous stream (iv) leaving the re-
actor is fed to one or more subsequent reactors operating
‘analogously to the one previously described, after adding
each time a quantity of hydrogen and oxygen ({(as such or in

25 the form of air or enriched air} essentially equal to that
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of H202, referring to the hydrogen used up, generally higher than 65% 10
The following exanples are illustrative but do not |init pédeneeopecsef the
i nvent’i on described. EXAMPLE 1 Treatnent of the carrier .50 g of activated
maritime pine charcoal in powder 15 form (CECA) and 500 ml of distilled
water are charged into a 1 liter glass flask. After 2 hours at 80C, the
charcoal is filtered and washed with 500 m of distilled water. The
carbon, still dasn, upSby ok ceacgedniwiicH haxksl praderid kask sangh af ter
adding 500 ml of a solution at 29. by 20 weight of HCl, the tenperature is
br ought to 80Cacfbiter about 2 hours, the m xture is cooled and the
activated car- bon is washed on a filter with distilled H20 until the

chl ori des have beenompdiatingt ethdethehwasihedeacondat boncarbonisi poseiloher ed
and dried in an oven at 120C for 2 hours. 25 EXAMPLE 2 - 18 - 1 Decenber
2004 Preparati on pfodinee datdaiogstr BéRokide 19elCsdlely aforgdidtions editttardoon
treated as.described in exam ple 1, are charged into a 0.5 liter glass

fl ask, cont@ai niragctiod phodfctdivity| hedmavatierrangding. 320y 3f NMa2B.g THe
suspen 5 sion is maintained at roomtenperature (20-25C), under stirring,
for 10 minut esE2@0 (expoksandagaed8s sBi i ®ercdatarnphgreaot ionfmedipn

per hour and with a molar selectivity towards the formation
of H;0;, vreferring to the hydrogen used up, generally
higher than 65%. -

190 The following examples are illustrative but do not
limit the scope of the invention described.
EXAMPLE 1

Treatment of the carrier

.50 g of activated maritime pine charcoal in powder
15 form (CECA) and 500 ml of distilled water are charged into
‘a1 liter glass flask. After 2 hours at 80°C, the charcoal
is filtered and washed with 500 ml of distilled water.
The carbon, still damp, is then charged into the 1 1li-
ter flask and after adding 500 ml of a solution at 2% by
20 weight of HC1l, the temperature is brought to 80°C. After
about 2 hours, the mixture is cooled and the activated car-
bon is washed on a filter with distilled H;O0 until the
chlorides have been eliminatéd. The washed activated carbon
is recovered and dried in an oven'atL120°C for 2 hours.

25 EXAMPLE 2
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| ution of- Na2PdCl 4 at 10% by weight of Pd and 0.1 g of a solution -of
H2Pt Cl 6 at 10% by wei ght, are subsequently 10 added dr apwesemiserzoasperi od
of about 10 mi nutes. The suspension is kept at roomtenperature for 10 mn-
utes and is then heated in a water bath for 10 mnutes to 90C. A solution
containing 0.85 g of sodiumformate in 10 m of water is then added and
the stirring is continued at 15 90C for 2 hours. After cooling to room

tenperature, tb@eﬁﬂﬁ&@i&i%‘f ithe f:al:&%ﬁd @ -ohesser@l yst recovered is
washed with di water unti € cnlori des have been elim nated and
dried in an oven atid29GH Gictd vhosad ScabrEXANBLE] 3a Prdpairdbieaninf ekde-
catal yst 1% Pd/ C The sane procedure is used as in exanple 2, but using 10
n of an aqueopsesn| udt@rciznted ihtg d.©. 9 ldftea gbasd i fimskof chal®iifldg at
10% by wei ght of Pd. 25 EXAMPLE 4 - 19 | Decenber 2004 Preparation of the
catal yst 1% Pt £GoThe sfindigriddeduwates as@d &2 ign ofx ¥apl® .2 Thbusugpemg 10
m of an aqueous solution containing 1.0 g of a solution of H2Ptd 6 at 10%
by wei ght. % EXAMPLEsS mEinitdiewids af H2OR Aemperapiteot (%Daﬁ-‘ﬁ°q)s useder
consi sting of a Hastell oy

stirring, for 10 minutes.

10 ml of an aqueous solution conﬁaining 1.0 g of a so-
lution of Na,PdCly; at 10% by weight of Pd and 0.1 g of a
solution -of H,PtCly; at 10% by weight, are subsequantly

10 added dropwise over a period of about 10 minutes.

The suspension is kept at room temperature for 10 min-
utes and is then heated in a water bath for 10 minutes to
90°C. A solution containing 0.85 g of sodium formiate in 10
ml of water is then added and the stirring is continued at

15 90°C for 2 hours,

After cooling to room temperature, the suspension is
filtered and the catalyst recovered is washed with dis-
tilled water until the chlorides have been eliminated and
dried in an oven at 120°C for 2 hours.

20 EXAMPLE 3

Preparation of the catalyst 1% Pd/C

The same procedure is used as in example 2, but using
1.0 ml of an aqueous solution containing 1.0 g of a solution
of Na,PdCl, at 10% by weight of Pd.

25 EXAMPLE 4
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C autocl ave having a volune of 400 m, equipped wth a

t hernostat-regul ati on system a nmagnetic drag stirring iSpscerif:n @fP4a
regul ati on and control system of the pressure during the reaction, a
filter for continuously renoving the liquid phase containing the reaction
products, a feeding systemof the mxture of the solvent and pronoters in
which the reac tion takes place, a feeding systemof the gaseous reagents
15 and a seri epreparagidmicdforhandacalystoll% BsY€unents. The reaction trend
is followed by continuously analyz- 1ng the hydrogen and oxygen in the
feedi ng and at the The -sdmet pobceliure ebstwsed He itorxanpilat 2onbet #2OR whi ch
is formed is deter- 20 mned in the reactor liquid effluent by titration

W th po- tassi i pbrofiagaanecuFheobediant iopptginiah ¥-dsgeef fosehetion
converted hydrogen is calculated on the basis of the con centration of H202
in the reacti offelfAt§dntatanP kvt Weight- sis of analysis of the H2 | eaving
the reactor, once the 25 stationary state has been reached in the reactor.
- 20 1 DecenbEFfRYEEE 5 2 g of catal yst prepared as described in exanple 2
and 150 g of nethanol ;water solution (95/5 by weight) con- taining 6 ppm of
HBr and 300 ppiYBELEPHPTIH20rharged into the reactor. 5 The autoclave is
pressurized, without stirrin at 100, bars.with g gaseous m xture

consi sting of 3.696Qﬁm#$E°Pfi&¥ Biaﬁﬁ 3 U 4 gBE RS LBY Vglﬁnéésg?&ﬁoy

irring i . . .
st g1s thnautoclave having a wvolume of 400 ml, .equipped with a

thermostat-regulation system, a magnetic drag stirring;sys—‘
10 tem, a regulation and control system of the pressure during

the reaction, a filter for continuously removing the liquid

phase containing the reaction products, a feeding system of

the mixture of the solvent and promotefs in which the reac-

tion takes place, a feeding system of the gaseous reagents
15 and a series of regulation and control instruments.

The reaction trend is foliowed by continuously analyz-
ing the hydrogen and oxygen in the feeding and at the out-
let of the reactor.

The concentration of Hy0, which is formed is deter-

20 mined in the reactor liquid effluent by titration with po-
tassium permanganate. The selectivity with respect to the
converted hydrogen is calculated on the basis of the con-
centration of H;0, in the rga&tion effiuent and on the ba-
sis of analysis of the H, leaving the reactor, once .the

25 stationary state has been reached in the reactor.
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started up to 800 revs/mnute, the pressure is maintained with a
continuous stream 810 normal liters (N), of- the 10 saneegaseaug0ou Xt ure,
and 300 g/ hour of a methanol:water solution having the conposition defined
above, is fed-at the sanme tine. The tenperature inside the reactor is kept
at 8C. The results are indicated in Table 1. Table 1 15 20 25 Hrs of
reacti onH2O2 W %wbl ar sel ectivity H202--- 106. 867 1006. 970 2007. 071
3006. 969 4007. 171 5907.473f608¢alys: Af¥bbaied 380 d4e2édibed@linlekanphber 2004
EXAMPLE 6 (conparative) Synthesis of hydrogen peroxide in the presence of
the cata- |yst aid/ €5Bxgnpkembthandlepateedsodungon h /4 dwy steighepared-in
taining 6 ppm of HBr and 300 ppm of H;50, are charged into
the reactor.
5 The autoclave is pressurized, without stirring, at 100
bars with a gaseous mixture consisting of 3.6% of H;, 11%
of 0, and 85.4% of N, by volume. The stirring is then
started up to 800 revs/minute, the pressure is maintained
with a continucus stream, 810 normal liters (N1), of- the
10 same gaseous mixture, and 300 g/hour of a methanol:water
solution having the composition defined above, is fed at

the same time. The temperature inside the reactor is kept

at 8°C. The results are indicated in Table 1.

Table 1
15 —
Hrs of reaction H,0, wt % Molar selectivity
H,0.%
10 6.8 67
100 6.9 70
} 200 7.0 71
20 300 6.9 69
400 7.1 71
500 7.2 73
600 7.1 72
700 7.3 74
800 ' 7.2 73
25
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5 exanpl e 3. The results obtained are indicated in Table 2. Table 2 10 Hrs
of reactionH202 W Mol ar sel ectivity H2O2$ 50. 730 10. 0. 632D&AerE2004
(conparative) Synthesis of hydrogen peroxide in the presence of the cata-
15 lyst- Pt/C Exanple 5 is repeated using the catal yst prepared in exanple
4. The results obtained are indicated in Table 3. Table 3 20 25 Hrs of
reacti onH202 wt sMol ar selectivity H202-6 51.520 101. 324 EXAMPLE 8
(comparative) EhevpERK | @omparagiveéred out as described in example 5, - 22
1 Decenber 2004 but using 150 g of water instead of the hydro-al coholic

m xture. The regguthssiohtedi hgdragen i pelradided innthabpeesknce of the cata-

lyst Pd4/C
Example 5 is repeated using the catalyst prepared in
5 éxample 3.

The results obtained are indicated in Table 2.

Table 2
Hrs of reaction | H.0, wt % Molar selectivity
:» i H,0,%
10 5 0.7 ' 30
10 0.6 32

EXAMPLE 7 (comparative)

Synthesis of hydrogen peroxide in the presence of the cata-

15 1lyst Pt/C
Example 5 is repeated using the catalyst prepared in
example 4.

The results obtained are indicated in Table 3.

Table 3
20 Hrs of reaction H,O0, wt % Molar selectivity
H.0-%
5 ' 1.5 20
10 1.3 24
EXAMPLE 8 (comparative)
25 The reaction is carried out as described in example 5,
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Table 4 5 10 15 20 25 Hrs of reacti onH202 W aMl ar sel ectivity H2020 5264
101. 862 201. 760 301.861 - 23 1 Decenmber 2004 CLAIMS 11 Beqgamaeesgobor the
conti nuous production of alcoholic or hydro-al coholic solutions with a
preval ent alco-.5 holic content, of hydrogen peroxide, which conprises:

(a) feeding to a reactor, which contains a catal yst based on palladi um and
pl ati num heterogeneous and maintained in dispersion in a liquid reaction
medium (i) buk lisjuigd 53¢ eamoforits nigpatieagdn off ceitl hydrenplgpholic

al cohol -water m xture with a preval ent al coholjc con- tent containing an
aci d pronot er mExturehaThgeretwds phsadned  axe jnddcghsdot® Thleamh cont ai ni ng
hydr ogen, oxygen and an inert gas, characterized in that the concentration

Table 4
Hrs of reaction _ H.0; wt % Molar selectivity
5 H,0,%
5 2 ' 64
10 1.8 62
20 1.7 60
30 1.8 61 _
)
10
15
20
25
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15 of hydrogen is |lower than 4.5% by volune and the con centration of
oxygen is lower than 21% by vol une, the conplenent to I0@ebenvsyr @0idnert
gas; (b) renmoving fromthe reactor: (iii) a liquid stream consisting of the
stream (i) 20 and al so contai ning hydrogen peroxide and the water

produced by the reaction, characterized in that the concentration of

hydr ogen peroxi de ranges from2%to 100 by weight; and (iv) a gaseous
stream essentially consisting of non- 25 reacted hydrogen and oxygen and
the inert gasLarmM®4 - 1 Decenber 2004 2. The process according to claim1,
wherein the Ccatalyst contains palladiumin a quantity ranging fromO0.1 to
3t by wei ghtiand plptodess i fom theantedbimangi pgofipohion. 0f wdcdBebic wei ght,
with an atomc ratio between 5 platinum and pal |l adiumranging from 1/500 to
100/ 100. 3. The qur ohgdsoaxlomntailig tspleitdions?2 wikllerai previel enft afyse-
contains a quantity of palladiumranging fromO0.4 to 2% by weight and a
quantity sof pl atileiie augiteytf r ofn i Eeno POre¥d &g, WEght COMPrhsSaR: at omi
rati o between 10 pl ati num and pal | adi um rangi ng from 1/200 to 20/ 100. 4.
The process accor thing flegddhgi Pl a Tegictyr . wWiBiehn CORBAERT afy SELALNSEddIi ti on
to palladiumand platinum contains an-_other netal_ selected fromthose of
group VI11 or |B.b&sedhenpriddedizmc Ml nhiabl i nhatevPEERa NS hd et al is

maintained in dispersion in a liquid reaction medium:
(i) - a liquid stream consisting of an alcohol or an
L 10 alcohol-water mixture with a prevalent alcoholic con-
tent containing an acid promoter and a halogenated
promoter;
(ii) a gaseous stream containing hydrogen, oxygen and
an inert gas, characterized in that the concentration
15 of hydrogen is lower than 4.5% by volume and the con-
centration of oxygen is lower than 21% by volume, the
complement to 100 being an inert gas;
(b} removing from the reactor:
RN (1ii) a ligquid stream consisting of the stream (i)
} 20 | and also containing hydrogen peroxide and the water
produced by the reaction, characterized in that the
concentration of hydrogen peroxide ranges from 2% to
10% by Qeight; and
(iv) a gaseous stream essentially consisting of non-

25 reacted hydrogen and oxygen and the inert gas.
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15 ruthenium rhodium iridiumor gold 6. The process according to any one
of the preceding clains, wherein the catal yst is preparedebymishs@e0di ng
the active conponents on an inert carrier by nmeans of precipitation and/or
i mpreg- nation. 20 7. The process according to claim6, wherein the inert
carrier is selected fromsili 17 Il ca- L Na, i

activated carbon aﬂae a%’f??s/ezfjtse%%gg?%ﬂg%% u%gtl?noﬁél ?iz%gé{va?tthgfg'llaftrg%?gt
groups. 8. The pro i . |.ai el e« CaEFbheR . 12Boi S an
activated carbon s%?%%%%?d&?é%nﬁr}‘tgiﬁg@eqﬁ ag‘%gg\gii%ﬂ; IrggtgkﬂﬁgDecen‘ner 2004 or
natural origin derséﬂﬂg L@@gﬁtﬂ@gﬂd Flgtﬂiﬁlﬁn A QlarfOG9NUamndgharony a
surface area greater than 300 M2 Tg 9. The process according to claim?7
or 8. wherein the gapii @t 1B ISy aRedght vajieeh Canbarohavi Agtdos Wdtaeenar ea
whi ch can reach a value of 1400 nR/g. 10- The process according to claim7
or 8, whergin the gapfigim 4 PriacHival thgiaidberohayy Hgo s urdogaeoar ea
greater than-600 n+~/g. The process according to claim7, 8 or 9, wherein
the activat edscar bgpe hgsodesHWaRDITdiAgCOBt €Ntin 2] 2whEheinr chessmtadystdi ng
to any one of the preceding clains, wherein the catalyst is dispersed in
the reaction nedi upghatadn€oacgihfititPnof palladium ranging from 0.4 to

2% by weight and a quantity of platinum ranging from
- l0.02-to 0.5% by weight, with an atomic ratio between
10 platinum and palladium ranging-from 1/200 to 20/100.
4. The process according to claim 1, 2 or 3, .wherein the catalyst
in addition to palladium and platinum, contains an-

other metal selected from those of group VIII or IB.

5. The process according to claim 4, wherein the metal is
15 ruthenium, rhodium, iridium or gold.
6. The process according to any one of the preceding claims, wherein the catalyst

is prepared by dispersing the active components on an
inert carrier by means of precipitation and/or impreg-
nation.

20 7. The process according to claim 6, wherein the inert
carrier is selected £from silica; alumina, silica-
alumina, zeolités, activated carbon and activated car-
bon functicnalized with sulfonic groups.

8. The process according to claim 7, Whefein the §arrier

25 is an activated carbon selected from those of a fossil
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ranging fromO0.1 to 10% by weight. 15 13. The process according to claim
12, wherein the cata- lyst is dispersed in the reactionlmBdceamreat 280doncen-
tration ranging fromO0.3 to 3% by weight. 14. The process according to any
one of the precedi ng clains, wherein the liquid stream (i) consists of an
, alcohol or 'a mxture of ¢ 2QC3 alcohols or a m xture of. said al cohols

with water with anoﬁl ’B%W%ﬂa}]c OFIRLBrESH Gingr TERBNWEEH 1f§n'f‘ltr3 pP%%‘él%r
according to cl ai m b \\%:erel n thg al cohol Is nmet hanol aﬁ':n %gﬁs
according to clai nf29°™WhefBfn "PKE Hi Rt JTE F35Fs 3R ngrtﬁe of a and
wat er contai ni ng a;nz} ast - 2G 1 Decenber 2004 7001 by wei ght of nethanol.

17. The process according to any one of the preceding clainms. wherein the

hal ogen- at ed Joro i S a substance capabl e, of geperatin an en ions
in the reaction nenglﬁumpr°§eSiB accfﬁ} %rgocesg"%lc?or d&f ngﬁp v elr% m'7, “FHEr ei n

the hal o- genat ed Rgogﬂtg& @gysgnfﬁaqmn ungéPf:gée caRADMA 1 ff can

generating brom de 1 ons suc ydro rom c Cld and its salts soluble in

the reaction medi up. sy eaI kah ik ¢ Jprygm des. 10 19. The process
according to claim 1% \Aﬂe‘%gjiun tohe pr o- rrgt er is hydrobrom c acid. 20. The

process accor gighg erqe any_ one 9&&:&9@ Rt eceali,ng; cl i n§ wheLgi nnd heagencen-
tration of hal ogenatéd *pronot er es fromO.1 to
is an activated carbon having a surface area Jreater

. than -600 m*/g. : : _

o 10 11.  The process according to claim 7, 8 or 9, wherein the activated carbon has a low ash

content.

12 . The process according tol any one of the pre.ceding claims, wherein the catalyst
is dispersed in the reaction medium at a concentration
ranging ffom 0.1 to 10%‘by weight.

15 13. The process according to claim 12, wherein the cata-
lyst is dispersed in the reaction medium at a concen-
tration ranging from 0.3 to 3% by weight.

‘14. The process according to any one of the preceding claims, wherein the liquid
stream (i) consists of an . alcochol or a mixture.of Ci-

20 C; alcohols or a mixture of said alcohols with water
with an alcoholic content higher than 50%.

15. The process according to claim 14, wherein the alcohol
'is methanol.

16. The process according to claim 14,7wherein the mixture

25 . is a mixture of methanol and water containing at least
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ng per kg of solution. 15 21. The process according to claim 18, wherein
the concen- tration of hal ogenated pronoter ranges fromilb¢cert@emgooper kg
of solution. 22. The process according to any one of the preceding clains,
wherein the acid pronoter is selected from substances capabl e of gener- 20
ating H hydrogenhengy igeid® bgagbttidhd®di um 23. The process according to
claim 22, wherein the acid pronoter is selected frominorganic acids such
as sul - furi a7 phogphedeisCaccdMihd toCan@Cin€l 0B khef frevaing gaitisC wadttialShe Islbgbn-as

sul fonic acids. 25 24  The process according to claim23, wherein the acid
- 27 .1 Decenber a2eQ4 groameeer iss suklibstanaci dapabhosphgrereratidg 25.
The process according to any one of the preceding clains, wherein the
concen- tration ofhaaegén ptammtier thangesctficomm@ditw. 1000 ng per kg of
solution. 5 26. The process according to claim25, wherein the concen-
tration ob. adi.d mhemptreresangesofdior 3® tala800 kg pderegnofthsohgdioon. 27.
The process according to any one of the preceding clains, wherein in the
gase- ous stream @enpfed hprovotent iat foledfechyiray e RHEATESS TOPRI8M 2% to
4.5% by volunme and the concentration of oxygen ranges from6%to 15% by

vol ume, the conpl efergencratiog babnidanipnar sughs aselttr@®rrrdm Mticogen,
he- |ium and argon.

and its salts soluble in the reaction medium, such as
. alkaline bromides. -

10 19. The process aécording to claim 18, wherein the pro-
moter is hydrobromic acid.

20. The process according to any one of the preceding claims, wherein the concen-
tration of halogenated promoter ranges from 0.1 to 50
mg per kg of solution.‘

15 21. The process according to claim 18, wherein the concen-
tration of halogenated promoter ranges from 1 to 10 mg
per kg of solution.

22. The process according to any one of the preceding claims, wherein the acid
promoter is selected from substances capable of gener-

20 ating H' hydrogen ions in the reaction medium.

23. The process according to claim 22, wherein the acid
promoter is selected from inorganic acids such as sul-
furie, phosphoric, nitric acid or from organic acids
such as sulfonic acids.

25 24. The process according to claim 23, wherein the acid
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28. The process according to claim27, wherein the inert 15 gas is
nitrogen. 29. The process according to any one of the pieRecimgrcPadas,
wherein in the gase- ous stream (ii) tie oxygen can be supplied using as
raw material, pure or substantially pure oxygen, en- riched air, containing

frpn121 to 90@6ofpgé¥g€%F %%ég?gggictquﬁquﬁgbgggltfg t stream t hen

bei ng brought to val ue a fon of ‘a suitable

concentrati on,of e oy tal L t aWherein
the Tiqud Sreal e Fesiee ?ﬁfe%iﬁ‘éﬁiré&gﬁ B e ot

hydrogen peroxi de¢[gpghno, ra%]cﬁ%rbﬂo@e/f by niRi=0 Rt om- 288\:0 L JRF &P r2004

31. The process according to any one of the preceding clains, mhereln t he

l'iquid strean1(|kb)ofssgﬁgg&g;ed fromthe catal yst by neans of filtration
techni ques. 32. The process according to claim31, wherein the filtra- 5

tion is carrigd. eaut Pebbdsd iddrdihg0co séldial od,i RELASin the: IRAII- Or by
means of tangential firltration. 33. The process according to any one of the

precedi ng cl ai ns, tWaeh8h Not Nec DR Seiptest FaadR 4 | Sor &aVidry sdve mgegeiror ,
essentially consist- ing of non-reacted hydrogen and oxygen and inert -gas,

10 contains a vol gaeceossemtiadiion of hydrogen equal to or lower than 2%
and a volune concentration of oxygen |ower than 18% 34. The process
according to xi.ai Mhégrocddd &cBidig lth Bnyd 3R Uie preceding claims, wherein in the gase-
. ous stream (ii), the concentration of hydrogen ranges
oy 10 from 2% to 4.5% by volume and the concentration of
; oxygen ranges from 6% to 15% by volume, the complement
to 100 being an inert gas selected from nitrogen, he-
lium and argon.
28. The ﬁrocess according to claim 27, wherein the inert
15 gas is nitrogen.

29. The process according to any one of the preceding claims, wherrein in the gase-
ous stream (ii) vi.e oxygen can be supplied using as
raw material, pure or substantially pure oxygen, en-
riched air, containing from 21 to 90% of oxygen or

20 air, the composition of the stream then being brought
to. the desired value by the addition of a suitable
conéentration of inert gas.

30. The process accordlng to claim 29, wherein the liquid

stream (111) leaving the reactor has a concentratlon

25 of hydrogen peroxide ranging from 3% to 8% by weight.
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stream (iv) |eaving the reactor contains a volune con 15 centration of
hydrogen ranging fromO0.5 to 1.5% and a vol une concent nabecemtafr @eggen
ranging from6 to 124. 35- The process according to any one of the
precedi ng clai ns, wherein the gaseous stream (iv) |eaving the reactor is

recycled to the fﬁﬁdbrg%gsst Qcc{,,_t;ﬁa NeaGt Qhe oftfileCpredelivls MG, fiieRt e iyt em 20
the fraction necessar or elinfnating the quantity of inert gas
i ntroduced in exc

eSSt Nitihg figedl derafldihd 082041 Raised up
in the process. 36§%q%%érkﬂﬂy? f%‘%éﬂlratéﬁ 5o 3 ik

e process according to any one of the preceding

clai ms, wherein the gaSeQuUsiost t€@M{dues .| eaving the reactor is fed to one
or nore 25 subsequent reactors operating analogously to that de - 29 1

Decenber 20043scriped dhocekal Brdordidfitd Reaaddil) ameaash theeroftda-
guantity of hydrogen and oxygen essentially equal to that used up by the

reacti on whi ch t akesopliac@abrRibeousi gy Feacedrisiuds Ihtudhedpinsbds
according to any one of the preceding clains, wherein the reaction 1is

carried out at a temderaidtbe bangy Ngednomf- tAngenttDOC.£38 trihéopr ocess
according to claim 37, wherein the tem perature ranges. fromO0O to 40C. 10 15

39. The process.actms stodeg dcordiiy tOB® e dfhthe preedigichims lvaierdm, thwlageaisn t he
reaction is carried out at a total pressure ranging from1 to 300 bars.
stream (iv) leaving the reactor, essentially gonsist—
- ing of non-reacted hydrogen and oxygen and inert gas,
10 contains a volume concentration of hydrogen equal to
or lower than 2% and a volume concentration of oxygen
lower than 18%.

34. The process according to claim 33, wherein the gaseous
stream (iv) leaving the reactdr contains a volume con-

15 centration of hydrogen raﬁging from 0.5 to 1.5% and a
volume concentration of oxygen rangiﬁg from 6 to 12%.

35. The process according to any one of the preceding claims, wherein the gaseous
stream (iv) leaving the reactor is recycled to the
féeding to the reactor, after flushing from the system

20 the fraction necessary for eliminating the quantity of
inert gas introduced in excess with the feeding. and
addition of H, and 0, used up in the process.

36. The process according to any one of the plfeceding claims, whereip the gaseous

stream (iv) leaving the reactor is fed to one or more

25 subsequent reactors operating analogously to that de-
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40. The process according to claim 39, wherein the total pressure ranges
from40 to 150 bars. 41. The process accordi ng to any one Dgfetar B08dedi ng
clainms, wherein the reactor is a reactor suitable for operating in
continuous and -‘carrying out the reaction in a triphasic system ob-

taining an effectiMe iGRAt agt chatmeen ihe9anhephaseriohheathquide phase and:
the catal yst held in dispersion. 20 42. The process according to claim41,

wher ei n the react Qfuarits tyelgCtigtdirbgem shir beggeéeastsesyidlibpl equanctors or
gas-lift reactors with internal or external circula- tion. 43. The process

according to any ofetfuddde upr egedhagrehat oy witieheitakebepilase- i@d5tdence
time of the liquid nediumin the reactor ranges - 30 1 Decenber 2004 from
0.05 to 5 hours. A4dingfihe reweeess. according to claim43, wherein the resi -
dence tinme of the liquid nediumin the reactor ranges fromO0.1 to 2 hours.
5 45. The Progess HeCmbd@sngcdrdinaiyagneeoff thehprepdiog atiinmg whk@innts reatté@nei n t he
liquid stream (iii) is used directly in an oxidation process of a
substrate sel ect edidroarovled i ost ar opntevphyatwre ceabing fremnr &C akd

carbonyl conpounds using titaniumsilicalite as catalysts. 10 15 20
60°C.

38. The process according to claim 37, wherein the tem-
- l perature ranges from 0 to 40°C. -
10 39. The process according to any one of the preceding claims, wherein the reaction
ig carried out at a total pressure ranging from 1 to
300 bars.
40. The process according to claim 39, wherein the total
pressure ranges from 40 to 150 bars.
i5 a1. The process according to any one of the preceding claims, wherein the reactor
is a reactor suitable for operating in continuous-and
carrying out the reaction in a triphasic system, ob-
taining an effective contact between the gas phase,
the liquid phase and the catalyst held in dispersion.
20 42. The process according to claim 41, wherein the reactor
is selected from stirred reactors, bubble reactors or

gas-1ift reactors with internal or external circula-

tion.
43.. The process according to any one of the preceding claims, wherein the resi-
25 dence time of the liquid medium in the reactor ranges
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PROCESS FOR THE CONTI NUOUS PRODUCTI ON OF HYDROGEN PEROXI DE Abstract A
process is described for the continuous production of all- Deodrgl€rc 2604

hydr o- al cohol i ¢ sol uti ons of hydrogen peroxide in a concentration ranging
from2 to 10% by weight and their direct use in oxidation processes. The
process operates ubhder hiGph teabehgursnditions and with a high productivity

and nolar selectivity towards the for- mation of Herr]O[err]. )
44. The process according to claim 43, wherein the resi-

dence time of the liquid medium in the reactor ranges
from 0.1 to 2 hours.

5 45. The process according to any one of the preceding claims, wherein the liquid
stream {(iii) is used directly in an oxidation process
of a substrate selected from olefins, aromatic hydro-
carbons, ammonia and carbonyl compounds using titanium
silicalite as catalysts. -

10

15

20





