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 oxidi zed

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



with air to produce H202 which is subsequently extracted in 5 aqueous
phase., This process is expensive owng to the high invedt Penémbeo094
necessary for the conplex production unit involved and the necessity of
separating and di sposing 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
hydr ogen per oxipgecessmaHsant i02 hdv erbewrtigagdiisdnandsuskeasabutatanve
froma technical and econom c point of 15 view These processes generally
use a catal yti chrpguénpgencr sttdilagtbragquitshiice Ant ah, opganic medilbyp mdt al s
of the plati- numgroup or their mxtures, in the formof salts or as
support ed net alrgscibdet whgh twatearnd sgdsest hydrogenaend awh Hensioxidagedf an
aqueous nedi um or an aqueous-organi ¢ nedium_ The enbodi nent of these
processes howewdithhadrpEeyeHodues Beldifiiculie SHPaRTRRIUISE rdirasegfielfor
the following reasons: A the use of mxtures of H2 and 02 in
concentrat i 8ns EHeRIENPR2EPe expl osivity range, as the m xture becones
expl o 1 Decenber 2004 sive when the concentration of H2 exceeds a val ue

whi ch, dependi ng oRPERPTRIETEUAE SKESTINR M REI bR bie 05 9% HVVEST™FPbm 4. 5

to 6% by vol une: . A
y costs necessary for the complex production unit involved

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-



B) even when operating outside the explosivity range of 5 H2-02 nixtures,
the use of high concentrations of 02 is risky to handl @ bacenair 260y
conpatible with the presence of flanmable organic solvent nediuns; C) the
use in the reaction nmedium of high concentrations of pronoters, for
exanpl e aci d, hal ogenated pronmoters 10 and/or other additives, makes the
catal ytic system or H202 solution unstable. This nmakes it necessary to add
stabiliz- erssiveh whest |thepurandessrpbionpef afle of%ceds nd Med2e sHPECht i on
produced before its use; D) |ow productivity and sel ectivity of the
reaction or - @&pehdipgogncthenpaeseppe apf uEPRFRMHAEERT S iBo JPFUER for
econom c industrial exploitation; E) low stability of the catalytic system
under the readxom 4nScbAEY iWhIOIPBL exanple, U.S. patents 3,361, 533,

4,009, 252 and 20 4,661, 337 describe processes _for the preparatiqn H202
whi ch use gas&us ﬁ?’ﬁ?u?”é@nofoli’%raaﬁﬂ‘go?“\ﬁﬁf‘@ﬁ 5{’% ?’?Q%%%‘ﬁ@ %tﬁ‘f:l ﬁdg in

the explosivity range. To avoid these safety prob procgss use
i n- geni ou8 arﬁ‘é“@onﬁl’-é‘k‘l’f‘é’%’ct bhe s&ft 2 31.11%% Ef%#g%gﬁaetﬁlt%rﬁ%, 1%% %12%

descri bes a continuous process - 3 .1 Dece ‘ A NG PrhRakakLEon of
H202 in aqueodss&dl (9 d’%"\%ﬁr?cﬁngoﬁ‘f‘”tp?’?s sg?ﬁéaﬁlgog%ofﬁa. suitable reactor

and a n]Xtureaég gf%mmable organic solvent mediums;

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



and 02 inratios with each other within the explosivity range in the
feeding to the reactor, but outside this range 5 in thda @gasedbs: st00dam

| eaving the reactor. U S. patent 5,641,467 describes a continuous process
for the. preparation of H202 from H2 and 02 which operates wthin the '
explosivity range of H2/02 m xtures using a re- action apparatus suitable
for producing a series of:-gas 10 bubbles sufficiently small and
sufficiently difsgerhed pargarstpan ave Hilamirasguetdersaluttibe Whgohdcepmact i on
mediumas to avoid any possible explosion in the reactor. These processes
however are complieesf itbm asei dust rswitahjesi meastovi endand mikgizrei ptr Hasi ¢
safety is doubtful. 15 Numerous other processes describe, on the other
hand, the useadd xtir esabiosPwhld eacho@thpr Widhdgefphej axplogivity
concentrations of H2 of |less than 4-5% by volume with respect to the
gaseous nmi xt ur &anggr inhkhe fredimdpbeethe . ¥eachay o P8l dodRT i thrishrenge
deriving fromthe use of explosive _20 H2-02 m xtures. These processes,
however, us@ eifly ERB| Jade HHiceR 1erEtTDroreg8t%%hose use is only
possi bl e when operating in an aqueous solvent, nmedi um and tgg% are

therefore nor- mallY-@rr BRERRE t ondtHst G hed$FiTdRESi n TPEGHEBEs PHE6SSS ol u-
25 tions, excl ufdi n thg}ﬁp)er eigncenof o&g{gni}rp medl%eum;. o 4thiCEe%eg1%grce§004
For exanple, UZST, q‘ﬁ‘ﬁt PETakhEn o5 eriids e & O P
within the explosivity range of‘}h/oz mixtures using a re-
action apparatus suitable‘.for'-producing' a series dﬁ:-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 medium and they are therefore nor-
mally di:eéted towards thé production of agueous H;0; solu-

25 tions, excluding the pfesence of organic mediums.



ti nuous process for the preparation of aqueous solutions of H202 from H2
and 02 which operates in a "trickle bed" reac- tor using, Devcertheer 266di ng, a
gaseous m xture of H2/02/ N2 5 containing 4.6-6.2% by volunme of H2 and
57-62% by volume of 02, so that the m xture |leaving the reactor is outside
the explosivity range. U S. 'patent 4,279, 883 describes a continuous
process for the preparation of aqueous solutions of H202 from Hz:-and 10
02 characterized b¥oz pxamplal al.preateatnent 00 20hedsstuibénaadn-
catalyst with H2 and in which the m xtures of gases at the outlet of the
reactor is keptimidus plrecess ufnr ddweppsipavatioin 3% AFuands 3eionshef

remai ni.ng percentage being N2. 15 International patent application WO

93/ 14025 describesfrem gioeeds Of orhidie qpeapaeat innaof tuigkdsudesd| ¥epens of
H202 from H2 and 02 characterized by the use of particular cata- |ysts and
stabilizers oftatheusing yincthet ferdyngndac SoELEHS SHKtRRCt RE PhéQeiite of
gaseous m xtures kept outside the 20 explosivity Ilimts of H2, with Q2

bei ng fed iBn prARCHESARGOR - 6 pF St RIbMPLHITR e vilt B2 Y 08 BBtRY o4 YBeePEr r ed

H2/ 02/N2 com position equal to 3.20/86.8% 10. 0% respectjvely Qy vol une.
| nt er nat i onal (gzat ERt thApI Fhat PHREWS J5Y5590t8ESEFRPEY pﬂ%@é@? 2 F the

preparation of aquequs solutions of H202 25 from H2 and 02 characterized
by the use of FRISAVEEY T3S 1 December 2004 : |

U.S. patent 4,279,883 describes -a continuous - 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-



| ysts and stabi'lizers of the catalytic activity and carried out in the
presence of gaseous m xtures kept outside the explosivilt pekbembdrs 2604H2,
with 02 being fed in pure form wthout inert gases. 5 European patent
application EP-627, 381 describes a process for the preparation of aqueous
solutions of H202 from H2 and 02 characterized by the use of particul ar
cata- lysts and carried out in the presence of gaseous m xtures Kkept

out side the explyasisvianyg ktAbiBifdrdHdfi BhéheatiggarcactQvofy i 4iRY lcag@seq such
as nitrogen so as to obtain a preferred H2/02/ N2 conposition equal to

3% 47% 50% r espaat | Mel yhdyprastnre. of ngaddoushedistprecekeps bugbide the
concentrations of 02 are wused, which are scarcely conpatible with the use
of flamra- 15 bbeplersgarikcg ndadtsowfsdhyewitired; ubsing nfed hén pases fothe use
of m xtures of H2 and 02 out- side the explosivity range and using | ow -
concentrati ons wiftha®@2 pneve gasdrmve a | ow reaction productivity and
selectiv- ity or to produce H202 solutions which are too dilute for 20 an
economi ¢ i ndust ri al Eexpbean atdakentForprbigmasiony ER- 73t 888 XOBXdeE a
descri bes a process for the preparation of aqueous solutions of H202 from
H2 and 02 chamgacesiszPhythhePugR2GIEi98r tAfc LR@IeRt aF3ASttdoasd ofc dtatzed
out in a trickle bed reactor, feeding a gaseous 25 m xture containing 3%
of H2 by vol umEnamn &:rand Oz whegrgherized by the use of particular 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-



| Decenber 2004 ple described, after 5 hours the solution re-circul ated

t hrough the reactor contained 0.3% of H202. From what |4 ®peetfdrecdoabove,
the objective of setting up a process for the direct synthesis of H202
fromH2 and 02 -5 which can be used on an industrial scale under safety and
econom cal | y advant ageous conditi ons, does not appear to have been reached
as yet. In particular, the-objective of producing stable solu- tions O
H202 i n aqueoupler gasceibed] uateart 5 shoons ethe asolltiown revci abhatat
direct use in oxidation processes, on an industrial scale and under safety
and econom cal tgraubtartte rgeoter commlidirmds 0.38en® Bven nore difficult to
reach. ‘For exanple, U S. patents 4;389, 390 and 4, 336, 238 de- scribe a

conti nuous process Hmm whetpiepapetifredfabayaeotive dibegtdani of se¢ttimans of
H202 from H2 and 02 which use a verti cal tubular catalytic packed reactor
operating in egmizwprogess for ghe dhcedt qindhaads uet ifOa freedisaniixPure of
H2/02 in the feeding, containing 6.3% by volume of H2 and 95.7% by vol une
- OF 02 20 Eur opehbrhatntPappted 81 @b Ut rigd 1 sgade ppoden 2530 Y diteet ed
towards the production _of aqueous- al coholic¢ solutions of H202 and their
use in the epoRfereMiGaddYofahrmbAoenEs FoBgitbengyr otee%eioFoPPREr to
preparation of these solutions in the presence of a halide and a netal 25
of the platinuARYf REF™ WeEAPERAESEof H2. / 02/ N2 ni xt ures

In particular, the objective of producing 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



1 Decenber 2004 ..having a conposition equal to 2:4% 24% 73. 6% r espectively
by volume, or using H2 diluted in.air outside the expl odi Decérdihed i2008S, in
whi ch the concentration of H202 in the solu tions obtained ranges from
0.05%to 0.39%:'by weight. 5 International patent application W 98/ 16463

| i kewi se describes a process directed towards the production. of

aqueous- al cohol i c solutions containing at |least 2.5% by weight of H202,
carried out onhaRbAgi bhicomposheibricacqbat i co bodé £51% MBi.6R ueepentiteres of
H2 and .02i optionally, in 10 the presence of inert gases, or mxtures of
H2 and air out bysvdkeunhde axplsiagvHi ydiliuteds ihoaitPoutidiedd Idhesexploviv-

exanpl es of this docunment however all conprise the use of mxtures of H2
with pure 02. linyatlimitg, gm wirighh the esuegipmtitncefi Bgo.olsethedsohat when
the 15 gas streamfed to the reactor is within the explosivity limts (H2

concentration edons ¢ltdiddbyangeantrem QOsSE to2), 3%l iwgdghst H202 are
obtained at 4-7%by weight with selectivities with respect to H2 ranging
from70 to B2% ViEetamagkioppdnrategals apprigatiionyd®d 9816463 délpvitse
outside 20 the explosivity limts, ég‘:oncentration of H2 equal to 4%b

vol une in puredgsfrikee GorREIGSH | BhreFLab0LoWRTEF nddied FRCYEH oBx celed
2. 7% and the selectivity calculated with respect to H2 drops to 68%

Ther ef ore not “BYBRCEFTALGHOLASs IRIMTEOREs FMEFMIPPert 2528kr iAriPig ¥¥ om

the use of explosive mxtures of H2-02 and .
pweight of Hy0., carr{gd 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



1 Decenber 2004 fromthe poor conpatibility of high concentrations of 02
with fl ammabl e organic reaction nmedi unms. Summary of the 1l bgestldeon 20040ne
aspect of the present invention, there is provided a process for the
continuous production of alcoholic or hydro-alcoholic solutions with a
preval ent al coholic content, of hydrogen peroxide, which conprises: (a)
feeding to a reactor, which contains a catal yst based on palladium and

pl ati num , héter ojeneous awbatdbhl dtyedt imighdicepeestitiionsaoki quiwd theact i on
medium (i) a liquid stream consisting of an al cohol or an al cohol - water

m xture w t hflammagNal engaralccohatiiorcortiéoms cont ai ning an acid pronoter and
a hal ogenated pronoter; (ii) a gaseous stream containi ng hydrogen, oxygen
and an inert gas, characterized in that the concentration of hydrogen is
| ower than 4.5% by vol une and the concentration of oxygen is |ower than
21% by vol une, the conpl enent Stgnah0 ofheheigiranenitaent gas; (b) renmpving from
the reactor: (iii) a liquid streamconsisting of the stream (i) and al so
cont ai ni ng hydrogen peroxide and the water produced by the reaction,
characterized i n ¥hatoneheagerrdtentofat Fom ofrespdkogerverydooxi deherngds from
2% to 10% by weight; and (iv) a gaseous stream essentially consisting of
non-r eact ed PIRMCegen BHOCIBEyFen Hhe ¢tingeps peeduction of alcoholic

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.



- 9 1 Decenber 2004 Detailed Description of the Invention It has now been
found, according to the present invention, that it is poBstddbert a00O¥er cone
t he drawbacks of the known art di scussed above, using a binetal catalyst
based on palladiumand plati numas active conponents, a liquid reaction
medi um consi sting of an al cohol or an al cohol-water mxture with a

preval ent al coholic content and a gaseous stream contai ni ng hydrogen,
oxygen and an inert gaspetdi M OBscthsricaneentiatirgRneiofydrogen is | ess

than 4.5% by volune, the concentration of oxygen is |less than 21% by
vol une, the conplenent to 100 being inert gas, to produce al coholic or
al cohol - aqueous sol utions of H202 at a concentration ranging from2 to 10%
by wei ght with a 1 ghaseaabiwonbezoduiziundi, t yaasskdisgl eebi viky antksanki gh
stability of the catalytic activity over a period of tine. These reaction
condi tions piroadngéospbshant i@l is advssittdgeso iovepasdinée ctihardri{wbacklse of
possibility of carrying out the process under high safety conditions, with
respect to tthe hawdhi agt ofiswotslsed hyldsogemsdry genbimedalr estabgst based
al cohol - oxygen nxitures. In fact, operating bel ow 4.5% by vol une of
hydrogen i s awel palbadisimdeandiepérplosi vesy axghgeofcddpof@niner & gaisiuiidxt ur es.
Simlarly, when operating bel ow 21% by vol une of 02, risks deriving from
t he presencersgfctabooheflinm ¢disigasepust pwaselcohol or 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 period 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 -



- 9a 1 Decenber 2004 owi ng-to the reduced quantity of fuel,. in the
reaction me- dium.-are mnimzed. In addition, the condebmttahbean 2004H202
in the solu- tions produced according to. the invention is such that 5
there are no instability phenonmena |linked to the presence of organic

sol vent, phenonmena which normally occur at nmuch higher concentrations. (2)
The possibility of mnim zing the concentrations of acid and hal ogenat ed
pronot er preseawving. tdethe qredhigedhcuabtityorfnEdeliminThhe hagcbimefmedt al
effects on the stability of the catalytic system on the stability of the
H202 sol u- ti odsumbtatiecnednamdzed.the possibility of the direct use of the
above solutions in the oxidation processes nentioned above. 15 (3) The
production of sol utfronsdditipmdr ogen perestitd@biionh ofa Bfapdsi thhen aekn-
concentration adequate for direct use and economcally valid in oxidation
processes, genei@ls ypradgced ngCrrsfing, £ 1U08 by nVRREiRn LA £ delf%e with
this, the present invention relates 20 to a process for the continuous
producti on Df BRREHORTR BF 1pskpRildtyombeneresrydiBhed whe hthe pPEGSFRGR

al coholic con- tent of hydrogen peroxide, which conprises: (a) feeding to a
reactor, whi chPEoMESHHE FHIERFysPhpreRera g BTG ¥n8 prat #hufipch

het er ogeneous apd nai ntained in
higher concentrations.

(2} The éossibility 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:

- 10 -



25 dispersion in a liquid reaction nmedium 10 - 1 Decenber 2004 (1) a

| iquid stream consisting of an al cohol or an al co- hol - iabetemibedt O84W th a
preval ent al coholic content con- taining an acid pronoter and a hal ogenat ed
pronoter; (ii) a gaseous stream contai ning hydrogen, oxygen and an 5 inert
gas., characterized in that the concentration of hy- drogen is |ower than
4.5% by volunme and the concentration of oxygen is |lower than 219*- by

vol ume, the conplemeatiiquid Qtleeingoaristbld ofisin (@)cohelovt ngnfabewt he
reactor: 10 (iii) a liquid streamessentially consisting of the stream U)
and al so cont ahol agatesd redetupe radide goucktdientatadicohpl dbducentdnyt t dwn-
reaction; characterized in that the concen- tration of hydrogen peroxide
ranges from 2%adnifgodry acisl ghromobed 4kl (@ plaggasead premosanm: essential |y
consi sting of non- reacted hydrogen and oxygen and the inert gas. The
react or used ca&hibea aggseeast skreamt gbhkaiming peydrqgemg HYISHNtINTUAER and
conducting the reaction in a tri- .phasic system such as that described,

obt ai ni ng ah efihert 29asi vehebatrniaest idefhelte thgs €oRSCPEBRELCOR | @fui BY phase
and the catalyst maintained in dispersion (so-called slurry systepn).
Reactors suit aBreg¢nris hdoper pblan af 5% ff ¥4 #nd the concentration

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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stirred reactors, bubble reactors, gas-lift reactors with 25 internal or
external circulation, as described in the art. - 11 1 Deberdydrer2@044The
reactor is kept under. suitable tenperature and pressure conditions.
According to the process object of the present invention, the tenperature
normal Iy ranges from -10C to 60C, preferably fromOC to 40C. The pressure
5 normally ranges from|l to-300 bars, preferably from40 to 150 bars. The
residence tinme of tdigel rgub8ofedisumdpt t irdécastDEablROr Bahpardtange Sardd om
0.05 to 5 hours, preferably fromO0.10 to 2 hours. 10 The catal yst which
can be used-f oprkbbguper paseEs iohst. hrecpr@entto REenpiaresss objhet esDHareous
catal yst containing palladiumand platinumas active conponents. In these
cat al ysts, theppakéadi lmrdistimor, mahky pemgsertturen soxueEelily t yangagi nigedmr om
0.1 to 30 by weight and the 15 platinumin a quantity ranging fromO0.01 to
1% by wei ght, wilbhCasoaté@ftice paeiferaelywe€ropl @t nten 4AC paThadbressurneyi ng
from 1/ 500 to 100/100. The palladiumis preferably present in a quantity
rangi ng fro¥n Ongrnal 29 bynges ghtomarid tche3{fl dEnsunbprafarally oirem 4% ¥angi ng
fromO0.02 to 0.5% by weight, with an atonmic ratio between plati num and

pal | adi um rangith§ P2®$n 1/ 200 to 20/ 100.

The residence time of the liquid medium in the 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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In addition to palladiumand platinum other netals of group VIII or IB,
such as for exanple, ruthenium rhodium 25 iridium and getepboarZhd
present as active conponents or - 12 1 Decenber 2004 pronoters, in a
concentration generally not higher than that of the palladium The

catal yst can be prepared by dispersing-the active conponents on an inert

carrier by neans of precipitation 5 and/or inpregnation starting from
precursors corGiAYET SF ortlexAnFracRt SR it oﬁgx?ﬁ ei?o%a#f%h%‘? §I§?ﬁbl e

conpl exes, an th% rtﬁduce é . the nmetal state by neans of thermal and/or
chemi cal treat%ﬁ‘-ﬁﬁ i 1 B |‘ﬁd‘“§ubstances such as hydrogen, - sodi um

form ate, sodi um c%[ea%%ﬁg %leggfp&r atﬁev%%:faég?g,g{i?%eg%eﬁg%le lép: wa_in t he

art. The inert carrier y-typi cal I'y” con alum na,

silica-alumn \zPeo%Iei tes, I1acatl{' Vﬁ{e% cggﬁq&,rf ?&,dt%e% eromgéiﬁligﬁse?hlé known

in the art. Actlvated carpbon is preferre e preparatio

catal ysts useflyqfqr in%ge{m&tiahves@a&e@ngAﬁéﬂ%ﬁ%@ug%pg%M&&nga@os?e used

for the purposes” of t nvention are Selected fromthose of a fossil or

natural origin,deringd N FIAMMBAL. ok GRLIE. PP &F SORANY cRRdehaYiNg a

surface area greater than 300 n2/g and which 20 can reach 1400 n2/g, in

particul ar thoggy hgyddr8asdld 868 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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area greater than 600 nR/g. Preferred activated carbons are those with a

| ow ash content. Sulfonated activated carbons descri bed Decdntamr &a0pat - 25
ent application M 98A01843 are al so useful for the pur - 13 1 Decenber
2004 pose. Before supporting or inpregnating the netals, the ac- tivated
carbon can be subjected to treatnent such as wash- ing with distilled water
or treatnent with acids, bases or 5 diluted oxidizing agents, for exanple
acetic acid, hpdse: chloric acid, sodium carbonate and hydrogen peroxi de.
The catalyst is normally dispersed in the reaction nme- diumat a ‘

- concentration rangiBgfdreomuppbrtdng0&f bimpwrgytatingr 6her mbtgl$r oohd. B>t 0 3%
by weight. 10 The liquid stream (i) consists of an alcohol or mx- ture of
Cl - C3 al cohol stavatedn cdnhan afart fres eublj cobed stani tteatwgner suthhas yesval ent
al coholic content. A mxture with a prevalent alcoholic content neans a

m xt ure cont ai Anggwith edisthigileS0Habprwer ghreafmeiitc igh 8cigfxt hreefor

al cohol s. Anong 15 C1-C3 al cohols nethanol is preferred for the purposes of
the present5inddhuted. onhdiRinchadantSur £8F £XFMREEr 8°8F1C nBERAnolY &R wat er
contai ning at |east 70% by weight of nethanol, is preferred. The liquid
stream al so cofhapHEC a?F’é%;i @ofiBRpEarbeffe and hydrogen peroxide.

The catalyst is normally dispersed in the reaction me-
dium at a concentration ranging from 0.1 to 10% by weight,
preferably from 0.3 to 3% by weight. 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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20 hal ogenated pronoter. The acid pronoter can be any substance capabl e of
gen- erating H hydrogen ions in the liquid reaction ned Darangkr 26§04
generally selected frominorgani c acids such as sulfu- ric, phosphoric,
nitric acids or fromorganic acids such as 25 sulfonic acids. Sulfuric acid
and phosphoric acid are pre - 14 1 Decenber 2004 ferred. The concentration
of the acid generally ranges from 20 to 1000 ng per kg of solution and
preferably fromex@etio Thdapepdrakjonfofdihg iaond Femetwllloyeraged promot er
can be any substance capable 5 of generating halogen ions in the liquid
reacti on medi umo tSubstanmespeapublaf slolysnonatidgrrinraddyi snemafe pee-
ferred. These substances are generally selected fromhydro- bromc acid and
its salts sol uslog ing pée keadt isodufidédilum for exanpl e al kal i ne broni des,
hydrobrom c acid being pre 10 ferred. The concentrati on _of hal ogenated
pronoter general | y Thangekogamsted. Pregober nfapere o fsuhsgargenearahl and
pref- erably from1l to 10 ng per kg of liquid nedium_ The gaseous stream
(ii) at the5inodt geBsrarad ahebpget ittt WGy &rast1PRs Bef{UR- 4. 5%
by volune and a 15 concentration of oxygen of less than.21% by vol une, the
conpl ement to POBSHEPRYS afePABLE ﬁs,gﬁ%ﬁg’éﬁt%@ gBRRPHS yLo8E| &SedPFFom

nitrogen, hell lf‘frgrrg'glgoT 'esseals%b%%%nlceszs par.:?g. e&eaﬂergEXynéé{eo D& from hydro-

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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In the gaseous stream (ii) the concentration of hydro- 20 gen preferably
ranges from2%to 4% by volume and the con- centration af Dexgngesr poeter ably
ranges from 60s to 150 by volune. The oxygen can be supplied in said
streamusing as raw nmaterial, pure or substantially pure oxygen, enriched
air, 25 containing for exanple from21 to 90% of oxygen or air, the - 15

1 Decenber 2004 conposition of the streamthen being brought to the desired
val ues, definedoabogeriby dhaheddiiean idiern kelingabreugion-ta dbier desbnedf
inert gas. The liquid stream (iii) at the outlet of the reactor 5 normally
has a concent r atilaasof dayinedexbger,0xiyddhearpgidig iofir ofm 2%stdtab¥e byomei ght
and preferably from3%to 8% by weight. It also contains the acid pronoter
and hal ogenat edenpratrbomrof nirgu&ngasi es equal to those introduced together
with the -liquid streamfed, and water in a quantity equal 10 to that

i ntroduced with theTheqbiguid retaraaediitid whi et oatight of Sbearnadtex
reaction by-product is added. The latter normally represents an additional
concentrati bn meagahdy hpenp0 conentYabinih o ivdiHCIerh@OHLfe SEPehRd (iii)
is separated fromthe catalyst 15 by neans of filtration techniques well
known i n the affom £§r texdf SybyeinbtusdBdoPTreferalln| g si% Ut ¥ i M%i de

the reactor or in a specific re-circulation, cycle of thed'%a(i-
weight. It also contains the acid” promoter an alogenated

promoter in quantities équal 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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tion mxture, outside the reactor.. In this latter case the tangential
filtration technique can al so be conveniently 20 used. iThecdmgur @084r eam
(i) is stable to storage without the necessity of adding stabilizing
substances and is suit- able for direct use in oxidation processes
downstream such as the anmoxi mati on of cycl ohexanone to

cycl ohexanone-oxine 25 in the presence of ammonia and H202 and t he

oxi dati on reactiodbwith Pgogrdeprdgfdehe ofo Widpyhigha etidu.opyl ene to

propyl ene oxi.de. The gaseous stream (iv) at the outlet of the reactor,
essenti al |y consi sty qscons- seacted(wdragartheamsitdeyge thadredctdre, | nert
gas, generally contains a volunme concen 5 tration of hydrogen equal to or

| ower than 2% easemiplddly rangiisgihgowf0 ®nt-gedctdd bydregerolame oxygen
concentration of oxygen generally |lower than 18% normally ranging from 6%
to 12% |n an andodfnbhe dhertheddpsocesrewsiliyhgoptatentai Wobume 1¢ondem, t he
gaseous streamat the outlet of the reactor is recycled to the feeding to
the reactor3 afrevidn ughi hydregem eavabyseemr thfwerr ddwdron heckatraily or
elimnating the quantity of inert gas introduced in excess with the

feedi ng ~parti E8N&Hry HHeRh 8P it UsdF astkyR)eHOEHIR ceondepiuftdons tfase,
the gaseous stream (ii) fed to the reactor consists of the rectycl ed -
fracti on of theX¥ERN IR BdhY i\pwernitiAnt 8%, normally ranging from 6%

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
quantity 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.

26 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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addition -of a quantity of hydrogen and oxygen (as such or in the form of
air or enriched air) essentially equal to that used uplbpetdmbereactson and
that flushed. 20 According to another enbodi ment of the process of the
present invention, the gaseous stream (iv) leaving the re- actor is fed to
one or nore subsequent reactors operating analogously to the one
previously described, after adding each tine a quantity of hydrogen and
oxygen (as suciiseg i4p Bp tHee rbactioh whicita®lei phack adin knessengial +o- equal
to that - 17 1 Decenber 2004 used up by the reaction which takes place in
the single re- aaeboss. Operating under the above conditions, it is possible
to produce hydrogen peroxide under safety conditions with a 5 reaction
producti vity nor nmal dyer=nigignguideamtde taoR@0 agpndiit HMP, (Expiespedsisicl00%
H202) per liter of reaction nedium per hour and with a nolar selectivity

t owar ds the fotoaprodgucefhyd2@genr péroxide undetrheabyiy agperdtittdeds upith a
generally higher than 65% 10 The follow ng exanples are illustrative but
do not lin$t trhecttopepoidudidviithyencinnlliestaridiag. IEMAMPLEED Z0®ay meht  of
the carrier .50 g of activated maritinme pine charcoal in powder 15 form
(CECA) and 500Hs®: ofextirssiefiedswaPey He®)cPergddtent of reaction medium

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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alliter glass flask. After 2 hours at 80C, the charcoal 1is filtered and
washed with 500 m of distilled water. The carbon, stilli das@nbdrs 20ben
charged into the 1 li- ter flask and after adding 500 mMl of a solution at
29. by .20 weight of HCl, the tenperature is brought to 80C After about 2
hours, the m'xture is cooled and the activated car- bon is washed on a
filter wth distilled H2ZO until the chlorides have been elimnated. The

washed activat edegardOion icE t@eO¥eteTyand sdia-ed1gpran oven at 120C for 2
hours. 25 EXAI\/Pth—T8—1_Dé_‘rﬁ)—ZUDTP—r“ce er reparation of the catalyst
190d--0. 1%t/ C 10 gqi@fg ast iacktiedtear forbdd eakadeasasledayddi®ddi inesgam- pl e
1, are charged into a 0.5 liter glass flask, containing 100 m of
distilled watepland, Cag? dhaxigela26€8.a The duispengbass diiadsk, mebntainkog at
room tenperature (20-25C), under stirring, for 10 minutes. 10 m of an
aqueous sol uti eanocebtaf ndigrillleédgwatea god ¢ U2 gn off NNaQ:BdCII‘heasuS@%by
weight of Pd and 0.1 g of a solution -of HZPtd 6 at 10% by wei ght, are
subsequent |y &0ondded wropwisedovalr zoper tedprefatirout (20- 25 Hlit.esundime
suspension is kept at roomtenperature for 10 mn- utes and is then heated
in a water batbtiorid®, nMiowtldsmigut@9dC. A sol ution containing 0.85 g of

sodiumformate in 10 m of water is then added and the stirring is
conti nued at 10 ml of an aqueous solution containing 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 fof 10 minutes to
90°C. A solution contaiﬁing 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 cocling 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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15 90C for 2 hours. After cooling to roomtenperature, the suspension is
filtered and the catal yst recovered is washed with dis- it Petetamtzéf4unt i |
the chlorides have been elimnated and dried in an oven at 120C for 2
hours. 20 EXAMPLE 3 Preparation of the catal yst 1% Pd/ C The sanme procedure
Is used as in exanple 2, but using 10 ml of an aqueous sol ution contai ni ng
1.0 g of a solution of Na2Pdd 4 at 10% by wei ght of Pd. 25 EXAMPLE 4 - 19
| Decenber 2002rEpapairidri @f chet betalrst! Wt PLYEPt/ C The sane procedure is
used as in exanple 2, but using 10 ml of an aqueous solution containing
1.0 g of a sol uti orfhefsai@Pp@ioeedurd 096 hysekiaghtin SXENAMPLE, SbuSywsiesi s of
H2O2 A-mcropilot plant is used, consisting of a Hastell oy C autoclave
havi ng a vol un&Oohl 490 an aquganppeedlyiiidn gontheniagtiatd degdl at Fohutienem a
magnetic drag stirring ,Sys- 10 tem a regulation and control system of the
pressure duringf HiRECGlear® ihF ba #RILgRE- for continuously renoving the

| iquid phase containing the reaction products, a feeding systemof the

m xture of % heEX&MEEHtS and pronoters in which the reac

Synthesisrofihoz

A micropilot plant is used, consisting of a Hastelloy
- C autoclave having a volume 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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tion takes place, a feeding systemof the gaseous reagents 15 and a series
of regulation and control instrunents. The reaction trendbesersadd aeed by
continuously analyz- ing the hydrogen and oxygen in the feeding and at the
out- let of the reactor. The concentration of H2Q2 which is formed is
deter- 20 mned in the reactor liquid effluent by titration with po-

tassi um per manganate. The selectivity with respect to the converted
hydrogen is cal cul aiesl §notheababyst afrdgemedoasceriscatbed ofi BREApPia the
reaction effluent and on the ba- sis of analysis of the H2 | eaving the
reactor, once tha 180 §t afi mesliynsl aktelrasobeeion etadhisd hiyn welightéacbor. -
20 1 Decenber 2004 1.2 g of catalyst prepared as described in exanple 2
and 150 g of nethathny: depen ob|HERT cmd FBYG dpw wei b8P core dhairgiedgistppm of
HBr and 300 ppm of H2SO4 are charged into the reactor. 5 The autoclave is
pressuri zed, wtheoueastersing, at 100 bars with a gaseous m xture
consisting of 3.6%of H2, 11% of 02 and 85.4% of N2 by volune. The
stirring isSthen sThetawtasdave S60Presayn#izedt e Witheupreskiiiad s afmtAPai ned
with a continuous stream 810 normal liters (N), of- the 10 sanme gaseous
m xture, and 3®@rg/ WoGh &f JASREVAIRMBKEWER efondFtdPPoRthaviSig Ofhdle, ~11%

conposition defined above, is fed at the same tine. The tenperaturg i nsi de
t he reactor isolferﬁ’z and 85.4% of N, by wvolume. The stirring 1s 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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at 8C. The results are indicated in Table 1. Table 1 15 20 25 Hrs of

reacti onH2O2 W %Wl ar sel ectivity H202--- 106. 867 10061908c2@@7. 0VQ4

3006. 969 4007.171 5007.273 6007.172 7007.374 8007.273 - 21 1 Decenber 2004

EXAMPLE 6 (conparative) Synthesis of hydrogen peroxide in the presence of

the cata- lyst Pd/C Exanple 5 is repeated using the catalyst prepared in 5

exanple 3. The results obtained are indicated in Table 2. Table 2 10
EXAMPLE 6 (comparative)

Synthesis of hydrogen peroxide in the presence 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
:» 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,
- 22 -



Hrs of reactionH202 W Mol ar selectivity H2O2$ 50. 730 10. 0. 632 EXAMPLE 7
(conmparative) Synthesis of hydrogen peroxide in the preseneentfert beo¢at a-
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 w sMol ar selectivity H202-6 51.520 101. 324 EXAVPLE 8
(conparative) The reaction is carried out as described in_exanple 5, - 22
1 Decenber 20®titbuisiusi nt5A59 @fofwatererinatsadadiof thshehyor wlddeiar ¢

m xture. The results obtained are indicated in Table 4. Table 4 5 10
mixture. The results obtained are indicated in Table 4.

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 20 25 Hrs of reactionH202 W aMl ar selectivity H2020 5264 101. 862
201.760 301.861 - 23 1 Decenber 2004 CLAIMS 1. A procés®eteanbdhe004
conti nuous production of al coholic 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 catalyst based on palladiumand
plati num heterogeneous and naintained in dispersion in a liquid reaction
medium (i) - a liquid stream consisting of an al cohol or an 10
al cohol - wat eeraimg¢ ure Wi th a preval ent alcoholic con- tent containing an
acid pronoter and a hal ogenated pronoter; (ii) a gaseous stream containing
hydrogen, oxygen mngrocess nesd tges, catimmouer predurhichabft kdcobatent ration
15 of hydrogen is |ower than 4.5% by volume and the con centration of
oxygen is | ower tdm@nhdfoialamdlalie, g¢diaitions with a prevalent alco-
5 holic 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 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 liguid stream consisting o©f 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 weight; and

(iv) a gaseous stream essentially consisting of non-

25 reacted hydrogen and oxygen and the inert gas.
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conpl ement to 100 being an inert gas; (b) renoving fromthe reactor: (iii)
a liquid streamconsisting of the stream (i) 20 and al 90DeoatladMi2eg4

hydr ogen peroxide and the water produced by the reaction, characterized in
that the concentration of hydrogen peroxide ranges from2%to 100 by

wei ght; and (V) aseous str. | al,ly _consj st hd' @t a295gfeact ed
hydr ogen and-ngggﬁ%%HﬁgFﬁgéﬁﬁ%??kggggn@$%&ﬂ¥mlgbeg§%%gglg%o4 ZFaTEg
process accordi ng ' el ot ¥t raf80hal RgoRabl adkgmin a
gquantity rangi ng f%§%§%f%§1é?1%%&%%?\mg gﬁfﬁgﬁglp affn§n1?n aoquantity

rangi ng from 0.0lé%ob%%%gg Mei ghs, pYhthal B oM gudratiity helngees Frphati num
and pal | adi um rangi ng ron1§/500 to 100/ 100. 3. The process according to

claim 2, wherein theggaal 8t bEoRbayns, awgtianhht Brehipaldaddoumetaeghng
fromO0.4 to 2%by weight and a quantity of platinumranging from 0.02-to

0.5% by wegght, wi bhgahnah MHE goatibaibft vaefinkO fpbat i nsioo ans ypal/Ladi.um
ranging from 1/200 to 20/100. 4. The process according to claiml1, 2 or 3,

wherein the catal yehe bPRodskh tdcdbridanpatdadidim @)dwhkatinuthe cottadiyss an-
ot her netal selected fromthose of group VIII or IB. 5. The process

according to cl ai M.dntMbes ebnghhft PBf abf i Sallkinut hemigimg rfrodi Ome itoi di um
or ol 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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6. The process according to any one of the preceding clains, wherein the
catalyst is prepared by dispersing the active conponentlsDenemrer 2684t
carrier by means of precipitation and/or inpreg- nation. 20 7. The process
according to claim6, wherein the inert carrier is selected fromsilica,
alum na, silica- alum na, zeolites, "activated carbon and a%;ivated car- bon
functionalized wi t R¥ stRFHRc GredBsien vinge FpPBcEeR o ddF g PBREIRF m 7,
wherein the carrier 25 is a %F%Evated ca&bon sel ect ed %@@néﬁmwe3$6 a
fossil - 25 1 DecERBRF'208%% o *fat'dr &I BFEGCR & ViHTF Tom Wodd, “Pignite,
peat or coconut andéngving a surface area greater than 300 M2 Ig 9. The
process according Pd®1aim7 or 8. wherein the carrier 5 is an activated
carbon havi ng . su&igce ar ea mhn@n can each7a val ue oﬂ 1400|n2/%“ 10- The
process according t& cPEFH 7 8P EE witer & t e Ghr ¥ er WPHE™ ateac 7T ed

carbon having a sustags AEAMLALELINAULAN Brbrrdle HDCERIcACERRI NG

toclaim7, 8 or 9 erein the activat on has a low ash 0O content.

12. The process acggéghng‘Egigp£f0@@0@n@ygg precedi ng clainms, wherein the
catalyst is dispersed In the reaction nmediumat a concentration

10. The process according to claim 7 or 8  wherein the carrier
is an activated carbon having a surface area greater

. 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 to any one of the preceding 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 (1) consists of an .alcchol 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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ranging fromO0.1 to 10% by weight. 15 13. The process according to claim

12, wherein the cata- lyst is dispersed in the reactionintdcemheat 280¢oncen-
tration ranging fromO0.3 to 3% by weight. 14. The process according to any
one of the preceding clains, wherein the liquid stream (i) consists of an

, al cohol or a m %¥hyrey Qfe ignt2@E3matKattal.s or a mxture of said al cohols
with water with an al coholic content higher than 50% 15. The procei 3~s

according toicai melﬁ'ocew&ﬁﬁiﬁg th@wadne @h@le jrscedipd bairnel whekéin Tikehaizacess
according to claim 14, wherein the m xture 25is a m xture of nethanol and
wat er cont ai ni ng atelieasomotds ik DeceubstarkB04ciNildy ofeiggmerat imgt hanol .
17. The process according to any one of the preceding clainms. wherein the
hal ogen- ated promategenSiensdlbstanceeaapaln eedfiugenerati ng hal ogen ions
in the reaction nedium 5 18. The process according to claim17, wherein

t he hal o- sgerkg.ed Theoprbeess sasedetingd o orhasnbst7ancderedpalihe heflo-
generating brom de ions such as hydrobromc acid and its salts soluble in
the reacti on nedi genasedhpasnotekalis nee brdrid ebrom osulstapge spsPedd-e
according to claim 18, wherein the pro- noter is hydrobrom c acid. 20. The
process accor di ngofo ganerafnéngf brheige eéeds nguehaiass  MYAFEOLEPRIEh&EEncen-

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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tration of hal ogenated pronoter ranges fromO0.1 to 50 ng per kg of
solution. 15 21. The process according to claim18, whedebecdiiercanten-
tration of hal ogenated pronoter ranges from1 to 10 ngy per kg of solution.
22. The process-according to any one of the preceding clains, wherein the

acid pronoter is %grlnggégdisf rom |8%£%§£%Fﬁgﬂgr9%ﬁogc geney- 20 ating H

hydrogen ions in Phe™Feaction e cess according to claim

22, wherein L;Lke &4 Ao roRECIPS Bhe itéan:f&r@cmﬁe bleQidlok N RA N EreRCIE SoRlEN as
sul- furic, p osphor?c, nitric acid or fromorganic acids such as sulfonic

acids. 25 24_ Thetgggggﬁsogcﬁqujipr}gmgge]pl@A@E%Sfrm%@itgbtl%zcqugt_?_ﬁ;erﬂ .1

Decenber 2004 pronoter 1s sulfuric acid or phosphoric acid. e process

according to any @peqef theyeceding claims, wherein the concen- tration
of acid pronoter ranges from20 to 1000 ng per kg of solution. 5 26. The

process agcorgy ngTha gka&%@%a&m&ﬁbnté heLGanesn- wvhédd i caiesh -
pronmoter ranges from50 to 500 ng per kg of-solution. 27. The process

according to any erer@bntbe REELEHADLelarahge WhEF®i 50 td @ Jage peaus
stream (ii), the concentration of hydrogen ranges 10 from 2%to 4.5% by

vol ume and the comgenkragbi@i®f. oxygen ranges from6%to 15% by vol une, the
conpl enent

27. The process according to any one of the 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 according to claim 29, wherein the liquid
stream éiii) leaving therréactor has argoncentration

25 of hydrogen peroxide ranging from 3% to 8% by weight.
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to 100 being an inert gas selected fromnitrogen, he- |iumand argon. 28.
The process according to claim27, wherein the inert 13 gasentsmizDbégen.
29. The process according to any one of the preceding clains, wherein in
the gase- ous stream (ii) tie oxygen can be supplied using as raw

mat eri al, pur or spbshant ul%”ﬁ QY I8 Mhe Frbeditil GG, BlikreinC @BLIALAI NG
from21l to 90 of il%yéré%&oéc%gx ¢ he corr;:‘)eogrl tel I(;n of theeﬁse'lt"r eamalt“hen

bei ng brought to.g4 reagye(quzl rl%d g@alfgtga them adle t LQPaBfstd S hakth
concentration of |nert gas he "process according to claim 29, wherein

the liquid streang,,glflll)trgg%hngeém >tor has a concentration 25 of
hydr ogen peroxide ranging from3%to 8% by weight. - 28 1 Decenber 2004

31. The process acd qifeld ABYoRREnPltd Reaphesediwi@ial khe WhEtdh the
liquid stream (iii) is separated fromthe catalyst by neans of filtration

techni quess 32. TheidH 0GeTSracear dhntudincClfal sedlpiwherdicnatkd inkida- 5
tionis carried. out using filter plugs situated inside the reactor or by
means of tangenti aihd iddadcrbirobr BY. mddies procesgemcicar diilgrhoiany one of the
precedi ng cl ai ns, wherein the gaseous stream (iv) |eaving the reactor,

essentially coBsi Sthe pro@ssOdccdiding teant & dTyl p@eding Rthi Wwaerinamel ghBart - gas,
10 contains a volune concentration of hydrogen equal to
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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or lower than 2% and a vol une concentration of oxygen |ower than 18% 34.

The process according to claim 33, wherein the gaseous Isteeeamrdr \Z00Kkeavi ng
the reactor contains a volume con 15 centration of hydrogen rangi ng from
0.5 to 1.5% and ‘a volunme concentration of oxygen ranging from6 to 124.

35- The process acsafidiedd ih0 cABYmONE Lftdhaner ecadiignckatAstinbeseia the:
gaseous stream (iv) leaving the reactor is recycled to the feeding to the

reactor, after flughifig it @1 thRreysheand0okhgeh r astenniAELEsSMUYL f 06
elimnating the quantity of inert gas introduced in excess with the

feeding.. and addifdtorudedd Mp agdrO2 veedtitn iwhiiche tpkeeepdacd6inThire
process according to any one of the ‘preceding clains, wherein the gaseous
stream (iv) | eavi ngiddie: reaetotsis fed to one or nore 25 subsequent _
reactors operating anal ogously to that de - 29 1 Decenber 2004 scribed in
claim1l, ates7theTidgtbdebsore@diodtd anyeorefof aheypraceting \clagis, Iwhdremgibn rangénoxygen
essentially equal to that used up by the reaction which takes place in the
singl e reactors. 5ig87cafhkedrocesst agcteriparpturamaniadf frdre pkeckdi ng
clainms, wherein the reaction. is carried out at a tenperature ranging from

-10 to 600C. 38. Thedptaocess according to claim37, wherein the tem perature
ranges from0O to 40C. 10

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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15 39. The process according to any one of the preceding clains, wherein
the reaction is carried out at a total pressure rangi ng Peosmifert 00300
bars. 40. The process according to claim39, wherein the total pressure
ranges from40 to 150 bars. 41. The process according to any one of the
precedi ng cl ains, Whemel. W5 e Sehotvs. is a reactor suitable for operating
in continuous and carrying out the reaction in a triphasic system ob-

tai ni ng an ef ftdct i Vee coneee?s beesmeHnchdegasladfads, “EEeipqiing p¥&de and
the catalyst held in dispersion. 20 42. The process according to claim4l,
wherei n the react ofen¢s Sdte@ledle di®if: rediveatt ofle MAHPY FERGESrs or
gas-lift reactors with internal or external circula- tion. 43. The process
according to any ofREOBfOthd&prlel@HFfig cl ai ns, wherein the resi- 25 dence
time of the liquid mediumin the reactor ranges -, 30, .1 Decenber @04 from
0.05 to 5 hours. 4Zhe mReesHpesewae Wy rde M o PEPing, Aams: \sFe) ﬁwt 4 esi -
dence tine of the liquid rrpﬂjuminthe%?ractglrf [ ange om0.11to0 hour s.

s 1 2
5 45. The process SEE®RWi yitlo Ly S5k O ChEY pt BRI ﬁﬁlcé"fl%sr%,pw&sesl n the
liquid stream (iii) is used direct i oxidation process. . qf &.,_
substrate sel ect edo%r BrnPBPEFTRES %?Jo%%ttei%caf%%‘r 8:dLe%mS’ aréidtic Hydt
carbons, ammonia and carbonyl compounds using titanium

silicalite as catalysts. -
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carbons, ammoni a and carbonyl conpounds using titaniumsilicalite as

catal ysts. 10 15 20 PROCESS FOR THE CONTI NUOUS PRODUCTI Chk&ibdsiYDROGEN
PEROXI DE Abstract A process is described for the continuous production of
al - coholic or hydro-al coholic solutions of hydrogen peroxide in a
concentration ranging from2 to 10% by weight and their direct use in

oxi dati on processes. The process operates under high safety conditions and

with a high productivity and nolar selectivity towards the for- mation of
Herr]O[err].

PROCESS FOR. THE CONTINUOUS PRODUCTION OF HYDROGEN PEROXIDE

Abstract

A process-is described for the continuous production of- al-
10 coholic or hydro-alcoholic solutions of hydrogen peroxide

in a concentration ranging from 2 to 10% by weight and

-their direct use in oxidation processes.

The process operates under high safety conditions and with

a high productivity and molar selectivity towards the for-

15 mation of HxOs.
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