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FOR THE PREPARATI ON OF AN AQUEQUS HYDROGEN PEROXI DE SOLUTI ON DI RECTLY
FROM HYDROGEN AND OXYGEN AND DEVI CE ALLON NG I TS

| MPLEMENTATI ON 5 The present invention relates to a catalytic

process and towa gevereobor preparing, iniperfect set ke 9 AGESYIS
hydr ogen peroxi de sol utions at high concentrations directly from
hydr ogen and oxygen. More particularly, a subject-matter of the
invention is a 1PRQIEESSEOR ITHEIFREEARATION" 02NANOXYUEOUS! BYDRpEELed i nt o
t he agqueous nmediumin proportions corresponding to the - flammability
range of the hyHEROFEDEOSPHEMIONXDIRECALYl FROM HYDRQBENS GIND IOXYOENO@IND ONS
outside the flammbility range in the continuous gas phase. Anot her
subject- 15 matter of tHEVISRHLLONING T IMPEEMBNTANEON

i npl enentation of the process. The hydrogen and oxygen gas
m xture i s known to be flammabl e, even expl osive, when hydrogen is
present at gnlar concentrations of between 4 and 94% 20 under standard

t enper at ur eand pressur et RORKAYFVHs inventigmerelates sayawhatalrtieati o of
t he hydrogen np ncentratjion to the oxy%en nol ar concentration is

greater than Opﬁﬂ‘i%sfﬁf(‘:@ctr%p% FIfS HrEReyPgpediareriecks Gases], Air
Li qui de, page ggggty, aqueous hydrogen peroxide solutions at high

concentrations directly from hydrogen and oxygen. More
particularly, a subject-matter of the invention is a

10 process in which hydrogen and oxygen are injected into
the aqueous medium in proportions corresponding to the
flammability range of the hydrogen-oxygen mixture and
are present in proportions outside the flammability
range in the continuous gas phase. Another subject-

15 matter of the invention is a device for the
implementation of the process.

The hydrogen and oxygen gas mixture is known
to be flammable, even explosive, when hydrogen is
bPresent at molar concentrations of between 4 and 94%

20 under standard temperature and pressure conditions,
that is to say when the ratio of the hydrogen molar
concentration to the oxygen molar concentration is
greater than 0.0416 (Encyclopédie des Gaz [Encyclopedia
of Gases], Air Liquide, page 909).

25 To avoid any risk of explosion or fire, it is
recommended either to operate with a hydrogen/oxygen

ratio below the lower flammability limit or to use an
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To avoid any risk of explosion or fire, it is reco

either to operate with a hydrogen/ oxygen rati o bel ow t he | ower
flammability limt or to use an

i'nert gas, such as nitrogen, argon, heliumor neon (US 4,681, 751
4,009, 252, EP 0, 787, 681). 2ln point of fact, to obtain

satisfactory

results, it is necessary to work with a hydrogen/ ox
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5 ratio situated in the flammbility range. Thus, the docunent US
4,009, 252 di s@neses gashydueteakonygebgeR| adrgon, Neél duRfobeiemen 1/20 and
1/1.5 and preferably of between 1/10 and 1/2. Likew se, the docu
US 4, 336, 239 t(emclesstihasneadsr 4t 000pe62t eEPNOL'h&7, d€1 pr esence of a
hydr ogen/ oxygen nolar ratio of |ess than 0.2 and preferably of
1/ 15 and 1/12. In poifiheofefartdi tectbsyim hest ssidcmryaqueou
hydr ogen peroxi de solution” is understood to denote the synt hesi
hydr ogen per oxtefmlftisomityy disogenesndrpxpgeworkswibh an kyfreeasn fmdigen
conprising a catalyst. i The direct synthesis of an aque
hydrogen 5 p&ted ddtseited an, thenfilauvabilicy pargew Brus,i the
reactor has forned the_subject of many studies. The reactor gene

conpri ses an

10

15

20

25

trggignp09,252 discloses a hydrogen/oxygen molar
ratio of between 1/20 and 1/1.5 and preferably of
between 1/10 and 1/2. Likewise, the document
US 4,336,239 teaches the reader to operate in the
presence of a hydrogen/oxygen molar ratio of less than
0.2 and preferably of between 1/15 and 1/12.

The term “direct synthesis of an aqueous
hydrogen peroxide solution” is understood to denote the
synthesis of hydrogen peroxide from hydrogen and oxygen
in an agueous medium comprising a catalyst.

The direct synthesis of an aqueous hydrogen
peroxide solution, continuously or batchwise, in a
stirred reactor has formed the subject of many studies.
The reactor generally comprises an agueous region,
occupied by the working solution and the catalyst, and
a region, occupied by the gases, situated above the
aqueous region. It is equipped with a stirring system
which makes it possible both to stir the aqueous region
and to disperse the gases in the aqueous phase. The
reactants, namely the hydrogen and the oxygen, and the

inert gases are injected into the region of the gases.
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20 occupi ed by the working solution and the catal yst, and a region,
occupi ed by the gases, situated above the aqueous region. It is .
equi pped with a stirring system whi ch nakes it possible both to stir

t he agueous regi on and to di sperse the gases in the aqueous phase. The
25 reactants, nanely the hydrogen and theszoxygen, and the i nert gases
are injected into the region of the gases.

3 The term "working solution” is understood to denote

t he aqueous nedi um conprhs&it@rmetwsrkidy Goldtdon” isORhuarakb¥d to
deconposition inhibitors or stabilizers for hydr ogen peroxide, in
whi ch the hydr dgroteetiwialguesus rmedinmredomprising water, hbiBasSahgen
observed that when the direct synt hesi s of an aqueous hydrogen

per oxi de sol ut pphidmgally decompasitoidn iimid dttiorsedrr eaaboliaerdessri bed
above, the catal yst, thrown under the effect of the stirring 10 on
to the wal | s ohvé@hegeraeerexidrl tite v8Hafht tdfe thiydrogen perprédewhsch are
situated in_the region of the gases, woul d be in direct contact with
the reactanPs. termedg the synthesis, the catalyst particles in the

regi on of the gases_w | dry out and wil| spontaneously bring 15
about the ignition of t trﬁﬁﬁcﬁgéﬂ(98ﬁﬁ§Y%$a§hﬁ¢xﬁhﬁé the direehe nol ar

concentration gfmtt:lrl]ees{g/dépgfr{] ai.qsuquuesatnej\rrdrogen peroxide solution is

carried out in a stirred reactor as described above,
the catalyst, thrown under the effect of the stirring

10 on to the walls of the reactor and the shaft of the
stirrer which are situated in the region of the gases,
would be in direct contact with the reactants. During
the synthesis, the catalyst particles in the region of
the gases will dry out and will spontaneously bring

15 about the ignition of the hydrogen-oxygen gas mixture
if the molar concentration of the hydrogen is greater
than 0.04.

This is why, in Example 1 of document

US 4,279,883, which illustrates the direct continuous

20 synthesis of an aqueous hydrogen peroxide solution in a
stirred reactor, a hydrogen, oxygen and nitrogen gas
mixture are introduced continuously into the gaseous
region of the reactor, so that the hydrogen, oxygen and
nitrogen partial pressures in the gases collected at

25 the outlet are maintained respectively at 5, 49 and 113
atmospheres, that is to say a hydrogen molar

concentration of 3%. The industrial manufacture of an



t han 0. 04. This is why, in Exanple 1 of docunent uUsS
4,279,883, which illustrates the direct continuous 20 synthesis of an
aqueous hydrogen peroxide solution in a stirred reactor, a hydrogen,
oxygen and ni trogen gas m xture are introduced continuously into the
gaseous region of the reactor, so that the hydrogen, oxygen and
nitrogen partial pressures in the gases collected at 25 the outlet are
mai nt ai ned respectively at 5, 49 and 113 at nospheres, that is to say a

hydr ogen nol araqueousoh§dibgahi perekidéo sdhetiodusidenl thmmndBedyr e of an

4 aqueous hydrogen peroxi de solution under the safety condi tions
accordi ng to tdenddadwmsntcdSrdidg9t888hesdocunecoriadiL a1y, 888 iof t he
guestion, however, given the | ow concentration of the aqueous hydrogen
peroxi de 5 syandmiradBiaioneédof the question, howeveler giovdre tsable, this
aqueous sol ution requires an additional concentration stage.

The direct syntdresioncentygtagueedsthedpaygeaus hY@@@Qﬁ@IE?EQﬁ%&%(HIC&ﬂ al so
be carried out in a tubular 10 reactor conposed of a |ong pipe (pipeline)
filled withe SOl @PSSineton in which the catalyst is suspended and

In order to be usable, this aqueous solution
requires an additional concentration stage.

The direct synthesis of an aqueous hydrogen
peroxide solution can also be carried out in a tubular

10 reactor composed of a long pipe (pipeline) filled with
working solution in which the catalyst is suspended and
into which gaseous oxygen and hydrogen are injected in
the form of small bubbles in proportions above the
lower flammability limit of the hydrogen-oxygen mixture

15 (US 5,194,242). The safety of such a process is only
assured provided that the gaseous reactants are
maintained in the reactor in the form of small bubbles.
According to the document US 5,641,467, the latter can
only be obtained with a high rate of circulation of the

20 working solution.

A catalytic process and a device have now
been found which make it possible to prepare agueous
hydrogen peroxide solutions at high concentrations
directly from hydrogen and oxygen in a stirred reactor

25 in perfect safety and economically.

This process is characterized in that

hydrogen and oxygen are injected, in the form of small



i nt o whi ch gaseous oxygen and hydrogen are injected in the form of
smal | bubbles in proportions above the |l ower flanmmability limt of the
hydrogen-oxygen mi xture 15 (US 5,194,242). The safety of such a process
is only assured provided that the gaseous reactants are mai nt ai ned
in the reactor in the formof small bubblses. Accordi ng to the docunent
US 5,641,467, the |atter can only be obtained with a high rate of
circulation of the 20 working solution. A catal ytic process
and a devi ce hawblesw intobede lowsd phirthofrakiee i dgqyesss Meadtad qr epare
aqueous hydr ogen peroxi de sol utions at high concentrations directly
f r om hydr ogen medd uok y gl chnhassbeenedenderedracPdi ¢ royperfeaddidfisry and
econoni cal l y. This process is characterized in that

hydr ogen and ®f gemizmegalnpedtedndi whink torprisesmulg¢atalyst in the

5 bubbles, into the |ower part of the aqueous reaction medi um

whi ch has beenlisnersesd shaitai cwhiht Relandfipwnrates ofuch mhwdr diheaci d and
whi ch conprises g cata ersed state, with nolar flow

| yst in the di s
rates such % hd@4ie of E§¥Heapﬁ’§r89e?h’@op1?ﬁrgb%‘fﬁ FoFarte 1'% ra@eD the oxygen

molar flowrate.s eater than 0.0416 a in_t OX n.is introduced
into the Contﬁﬁﬂgﬁé%agyvﬁﬁggels greater ann O.5E?6 and 1R&¥iat

oxygen is introduced into the continuous gas phase
and/or into the upper part of the aqueous reaction
medium in an amount such that the molar ratio of

10 hydrogen to oxygen in the continuous gas phase is less
than 0.0416.

The term “small bubbles” is understood to
denote bubbles with a mean diameter of less than 3 mm.

The injections of hydrogen and of oxygen in

15 the form of small bubbles into the lower part of the
aqueous reaction medium are preferably situated at the
bottom of the stirred reactor and are preferably
contagious, in order for the H; and O, bubbles to mix
together as quickly as possible.

20 Mention may be made, as mineral acid, of, for
example, sulphuric acid and orthophosphoric acid.

The aqueous reaction medium can additionally
comprise stabilizers for hydrogen peroxide, such as,
for example, phosphonates or tin, and decomposition

25 inhibitors, such as, for example, halides. The bromide

is the particularly preferred inhibitor and it is



and/or into the upper part of the agueous reaction medi umin an anount
such that the nolar ratio of 10 hydrogen to oxygen in the continuous gas
phase is | ess t han 0. 0416. The term "smal |l bubbl es" is
understood to denote bubbles with a nmean dianeter of |less than 3 nm
The injections of hydrogen and of oxygenéin 15 the formof small bubbles
into the | ower part of the aqueous reaction nedium are preferably
situated at the bottom of the stirred reactor and are preferably
cont agi ous, i madvad¢eangeousiliyeus2dahd 63mbinhit en twi th Xoromirdeodget tdre as

qui ckly as possible. 20 Mention may be made, as mineral acid,
of, for extaeel etasel fBucl ¢ acid and orthophosphoric acid.

The aqueous reaction nmediumcan additionally conprise stabilizers for
hydr ogen peroxi de, suchBgsordingf e bRanpheenphephdmatayasn tin, and
deconposi tion 25 inhibitors, such as, for exanple, halides. The brom de
is the part|CGMQﬁqu§reﬂérF€G EAEMbPE osmakl pubbkes, into the lower

6 advanta%Foust sed in conmbination with bron1ne in the free

state (Br2)> Part of the aqﬂ@@HFdFﬁacho?h‘Ee‘?h%rﬂri‘%rF ] HEYE&gen

introduced into the continuous gas phase and/or into

the upper part of the aqueous reaction medium can

additionally comprise hydrogen in an amount such that

the ratio of molar concentration of hydrogen to molar
10 concentration of oxygen is less than 0.0416.

According to the present invention, the
operation can be carried out just as easily
continuously as semi-continuously.

The oxygen feed in the form of small bubbles

15 1into the lower part of the aqueous reaction medium can
be provided in all or in part by the gaseous effluent
at the outlet of the reactor.

It is also possible to use the gaseous
effluent at the outlet of the reactor to feed the

20 continuous gas phase and/or the upper part of the
aqueous reaction medium. In this case, the composition
of the gaseous effluent can be adjusted by addition of
oxygen and optionally by removal of hydrogen, so that
the ratio of the molar concentration of hydrogen to the

25 molar concentration of oxygen in the continuous gas

phase is less than 0.0416.



injected, in the formof small bubbles, into the | ower 5 part of the
aqueous reaction nedium and the oxygen i ntroduced into the continuous
gas phase and/or into t he upper part of the aqueous reaction nedi um
can additionally conprise hydrogen in an anpunt such t hat t he
ratio of nolar concentration of hydrogento nolar 10 concentration of
oxygen is less than 0.0416. According to the present

i nvention, the operation can be carried out just as easily
continuously as senm -comiauRitddlyst generally usedheompygessfeed in the
formof small bubbles 15 into the |lower part of the aqueous reaction

medi um can ldesprone decbrientaldhosen frpar inehglshérgaseoosp el | aredt at
the outlet of the reactor. It is also possible to use the
gaseous efVITEmf athd Remudiet Tabliehe Adeavtegebusigedgobé, 20

conti nuous gas phase and/or the upper part of the aqueous reaction
medi um | n thiglatieumt peldadiont inch ruthepfiumhargachosenef¥seehe can be

adj usted by addition of oxygen and optionally by renoval of hydrogen,
so that St Herefgyabbf made afl A2 ld@ddeny r RLPSADNBR AYdEBYen to the 25

nol ar concentratjon_of oxygen in the continuous. gas hase is | ess than
0. 0416. palladium—pfgiinum coﬁ%ination or ?gtter stElf

palladium or the palladium-platinum combination.

In the case of a palladium-platinum composite

catalyst, the platinum preferably represents between 1
10 and 50% of the total weight of the metals and better
still approximately 2%.

According to the invention, the catalyst can
also be supported. The supports generally used are, for
example, silica, alumina, silica-aluminas and titanium

15 dioxide.

The supported or non-supported catalyst is
generally suspended in the aqueous reaction medium. Use
is preferably made of a supported catalyst and better
still of a supported catalyst comprising between 0.2

20 and 2% by weight of metal or metals with respect to the
support.

The temperature and the pressure prevailing
inside the reactor are adjusted in order to optimize
the selectivity of the reaction with respect to

25 Thydrogen and the productivity with regard to hydrogen

peroxide.



The catal yst generally used conprises at | east one el enment chosen from

nmetals from Goup IB and VIIl of the Periodic Table. Advantageously,
gol d, pl ati num pall adi um and rut henium are chosen. Use is 5
preferably nmade of palladium platinumor the pal | adi um pl ati num
conmbi nation or better still pal | adi urg or the pal |l adi um pl ati num

conbi nati on. In the case of a palladiumplati num conposite

catal yst, the platinum preferably represents between 1 10 and 50% of the

total weight of the netatife althiltRire is g®hielrhlapppexivaeheb yardo
According to the invention, the catal yst can al so be supported. The

supports genergh¢qy arndcrsfardtly betweRxampbked sobcca, al um na,
silica-alum nas and titanium 15 dioxide. The supported or
non- supported catal yst iThe pregmeraaldrevaidpegdédsidet hreageaotsr resacti on
medi um Use is preferably nade of a supported catal yst and better

still of a suppemewalhataborst adopmplsinig peessene0ad poedadaldy by wei ght
of netal or netals with respect to the support . The

t enper at ur ed aneetwrReprid 19 vair iamgt advanjgapgeushe betweer 4P e adj usted
in order to optim ze the selectivity of the reaction with respect to

25 hydr ogen anﬂn@h@pdp%ﬁuctivity with regard to hydrogen per oxi de.

The ratio of the molar flow rate of hydrogen
to the molar flow rate of oxygen which are injected
into the lower part of the aqueous reaction medium can

10 wvary within wide limits. It is preferably between 0.05
and 5 and more particularly between 0.2 and 1. A molar
ratio in the region of 0.3 is advantageously used.

When the operation is carried out semi-
continuously, all of the working solution and all the

15 catalyst are introduced into the reactor before the
beginning of the direct synthesis and the hydrogen and
the oxygen are introduced continuously.

It is also possible to feed the reactor
continuously with the working solution, to which the

20 catalyst has been added, and to introduce the hydrogen
and the oxygen continuously. In this case, the solution
comprising the hydrogen peroxide formed is extracted
continuously from the reactor.

The catalyst is subsequently separated, by

25 filtration of the final solution comprising the
hydrogen peroxide formed under semi-continuous

conditions or of the hydrogen peroxide solution



The tenperature is generally between 0 and
5 and 30[err]C.
general |y above atnospheric pressure and preferably

The pressure prevailing inside the reactor
5 between 30 and 100

600C and preferably between

S

bar and advant ageously between 40 and 60 bar. The ratio
of the molar flow rate of hydrogen tg the molar flow rate of oxygen
whi ch are injected into the | ower part of the aqueous reaction nedi um
can 10 vary within wide limts. It is preferably between 0.05 and 5

and nore parti cxtaidor ddeiconeindodsapdf 2omAcRB! Béactor, dld &Hdn t he region

of 0.3 is adva
out sem -

catal yst are i
di rect synthes
conti nuously.

nt ageously used. When the operation is carried

optritonaddys kgingkkbdatetihénvor khagrsadtd+ on and all the

15

ntroduced into the reactor before the begi nni ng of the

i's and t heWhgdr 6genreadtor ishequigyped vairtth iantfriddieegd
It is also possible to feed the reactor

continuously wtihe cRéalyski A§ Seldt benmaneniphy cin ttiee Rhcatmlayst thes been
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i ntroduce the hydrogen and the oxygen continuously.

hysiregesn peroxeéﬁpspéuhgom his hgaleorered emskifdd theaaraded i s

In

contlnuously fromthe reactor. The cat al yst

Eparatagecyyly -

Another subject-matter of the invention is a
device which makes it possible to manufacture, in
perfect safety and economically, concentrated aqueous
hydrogen peroxide solutions directly from hydrogen and
oxygen. This device, comprising a stirred reactor fed
continuously or non-continuously with working solution,
is characterized in that the reactor is equipped (i)
with one or more inlet(s) for gaseous hydrogen, in the
form of small bubbles, into the lower part of the
aqueous reaction medium; (ii) with one or more inlet(s)
for gaseous oxygen optionally comprising hydrogen, in
the form of small bubbles, into the lower part of the
aqueous reaction medium, the inlet(s) for oxygen into
the liquid phase are preferably contiguous with that
(those) for hydrogen, in order for the H, and O, bubbles
to mix together quickly; (iii) with a pressure
regulator which makes it possible to keep the pressure
prevailing inside the reactor constant by discharging
excess unconsumed gaseous reactants; and (iv) with one
or more inlet(s) for gaseous oxygen optionally

comprising hydrogen into the continuous gas phase

S



25 filtration of the final solution conprising the hydrogen peroxi de
formed under sem -conti nuous conditions or of the hydrogen peroxide

sol ution 9 extracted
continuously fromthe reactor, and then optional Iy reintroduced into

t he reactor. When the reaatoor is equipped with a filter,

the catalyst is held permanently in the reactor and the 5 hydrogen
peroxi de solution is extracted and filtered si mul t aneously. _

Anot her subj ecandéoreinod the uppentpart icf ahe aquédusCeealiebnmakes it
possi bl e to manufacture, in perfect safety and econom cally,
concentrat ed afeésdus, vDi¢lydistmre perhdald esbloyt iaanandilysetr| y£f ther hydr ogen
and oxygen. This device, conprising a stirred reactor fed

conti nuously ofaRohlewrexHuous| fram ttkhe/\melaiqtgr?ol)sat ithat _thﬁ mpar
characterized in that_the reactor is equippe [ . With one or nore
inlet(s) for galkbusChyRIFGEREEN it (Y 9ers ioticoosraniopgbbhesphaneo the

| ower part gf thel agueous reaction medium (ii) with one or nore
inlet(s) tor @%%egﬁgld% opt:onally conp;lshng hydr ogen, in N
the formof small bubbl i.nto the | ower .part. of e aqueous reaction
medi um the inlet(s) fo?a% y&ﬁﬁ?q?ﬁ(}s equipped w1th an outlet which

makes possible the continuous or semi-continuous
extraction of the aqueous hydrogen pe;oxide solution.
This outlet is optionally equipped with a filter which

10 makes it possible to separate the catalyst from the
aqueous hydrogen pe;oxide solution.

According to the invention, the gas flow
exiting from the reactor can be reinjected into the
circuit feeding the lower part of the aqueous reaction

15 medium with oxygen. This gas flow, after optional
adjustment of the hydrogen content by addition of
oxygen and optionally by removal of hydrogen, for
example by using a membrane, can also be reinjected
into the circuit feeding the continuous gas phase with

20 oxygen and/or the upper part of the aqueous reaction
medium. The hydrogen thus separated can be reinjected
into the lower part of the aqueous reaction medium.

Preferably, at least one inlet for hydrogen
and at least one inlet for oxygen, in the form of small

25 Dbubbles, into the lower part of the aqueous reaction
medium are situated at the bottom of the stirred

reactor.



20 the liquid phase are preferably contiguous with that (those) for
hydrogen, in order for the H2 and O[err] bubbl es to m x together
quickly; (iii) with a pressure regul ator which makes it possible to
keep the pressure prevailing inside the reactor constant by

di scharging 25 excess unconsuned gaseoudlreactants; and (iv) with one

or nore inlet(s) for gaseous oxygen optionally conpri sing hydrogen into
t he conti nuous gas phase

and/or into the upper pdfhe ofeadimragqeeoils apaeuitoelave ofiedi um which
is/are controlled by an anal yser of the gas flow exiting fromthe
reactor, so thgylim%;iﬁﬂ%u cylindzgdaniselhpdr Spbericasxghanei atixeed
continuous gas, phase 5 is less than 0.0416. ) The reactor is
equi pped with By Bearetofvi crerticalgbaf thesyiipped: Wa tBoARPNABUBOBR

sem - conti nuous extraction of the aqueous hydrogen peroxide sol ution.
This outlet isiBREHERES 19T B HFed'Ha FWERRSSer which 10 makes it

possible togseparate e, galalyal LOMNS. or ceiuSTyR B ogen per o oc
oK1, 110 UGBt AR, () IARRHTd AR WAScn, 15 SLERHLL, Lpedtno
flow, after °P££S%§ﬁing good heat exchange and of maintaining the
gaseous reactants of the reaction in the form of a
cloud of larger possible number of small bubbles may be
10 suitable.

The stirring can also be provided by several
independent impellers or turbines each driven by a
stirrer shaft which is attached to the bottom or to the
1id or to the sides of the reactor. The turbine

15 situated in the upper part of the aqueous reaction
medium can be of the “self-suction” type, that is to
say that it sucks the continuocus gas phase of the
reactor from the stirrer shaft, which is hollow, and
then diffuses this gas phase into the agueous reaction

20 medium, or of “flanged” type.

The stirring can be supplemented by devices
commonly used to render the stirring highly efficient,
such as, for example, one or more baffles positioned
vertically or radially.

25 Use is generally made of heat exchangers,
such as tubular coils, bundles of vertical pipes or

else set of radial vertical plates or else wound



adj ustrent of the hydrogen content by addition of oxygen and
optionally by renoval of hydrogen, for exanpl e by using a nenbrane,
can al so be reinjected into the circuit feeding the continuous gas
phase with 20 oxygen and/or the upper part of the aqueous reaction

medi um The hydrogen thus separated can b2 reinjected into the | ower
part of the aqueous reaction nmedium Preferably, at |east
one inlet for hydrogen and at | east one inlet for oxygen, in the form
of small 25 bsiataks, i odder [mproydde dort hbeagagaligstieacof othe
medi um are situated at the bottomof the stirred react or

The reactor caremperatuns cxff ahe gfeactiogymedduimcalhesg| exndnagoersal or
spherical shape stirred by means of a vertical shaft equipped with one
or nore i ipee | ereferalie gitusded dmspidgeshe rQaCtor Use @nerally, any
react or connnnlg used when a suspended cataly I's invol ved and which
i s capabl e of advaniaERQHHY JH6ie Ifap ¥eshirgéd éﬁéuéﬁrn%‘ll%@h? PHg t he

gaseous rea ants(?f t he reactlon i n_the form of oud of, Iarger

possi bl e nutrbef'gt SR, 05 & bﬁw ﬁe°f16e§ﬁllf:aﬁl Qlates pos1tlone
radially.

The temperature of the mixture can also be
regulated by using a jacketed reactor with circulation
of water.

10 The reactor according to the invention is
designed so that, if the stirring is accidentally
halted, all the gas bubbles can rise and reach directly
the continuous gas phase solely under the action of
gravitational forces. The various devices installed

15 inside the reactor in order to provide for the heat
exchanges and/or the stirring must not form an obstacle
to the rise of bubbles and must not result in the
formation of pockets of gas inside the aqueous reaction
medium.

20 The reactor can be composed of any material
compatible with the reactants used. Use may be made,
for example, of metals, such as stainless steels of
304L or 316L type or Hastelloy alloys, or else metals
coated with chemically resistant polymers, such as PVDF

25 (polyvinylidene fluoride), PTFE (polytetrafluoro-
ethylene), PFA (copolymer of CyF; and of perfluorinated

vinyl ether) or FEP (copolymer of C;Fy; and of Cs3Fg).



The stirring can al so be provi ded by several i ndependent inpellers or
tur bi nes each driven by a stirrer shaft which is attached to the bottom
or to the lid or to the sides of the reactor. The turbine 15 situated
i'n the upper part of the aqueous reaction medi um can be of the

"sel f-suction" type, that is to say Lhat it sucks the continuous gas
phase of the reactor fromthe stirrer shaft, which is hollow and

then diffuses this gas phase into the aqueous reaction 20 nedium or of
"flanged" type. The feedEhefsbixygengotanfbkydnppéenein ethdy devi ces
commonly used to render the stirring highly efficient, such as, for
exanpl e, one oformref Eafalllebubidiesi, onato the Yewercpaty of thelially. 25
Use is generally nmade of heat exchangers, such as tubul ar coils,
bundl es of veraquegupifrartgon medigs gagebeoprpyifiad Derpirves ¢f ates or

el se wound _ 12 spirals, in
order to proviRkrtes mafe _fg@intesedometad or elpgnpREaPws etx®es tet reacti on
medi um These exchangers are preferably situated inside the reactor

Use is 5 adRRAR Ly SBHY) Madde it PRSPPLRCcEP BUBGFaP2BLAEIR SR 5 wound
spirals or a bundle of &I 1P RS SRoBSLhLOREdnat s oh A5k Ahidy
small bubbles.

A device and a block diagram illustrating an
embodiment of the process of the present invention,

10 which are represented in the single Figure, are
described hereinbelow.

The device comprises a reactor stirred by
means of a vertical shaft equipped with a self-suction
turbine a and with a turbomixer b. On start-up: the

15 reactor comprises the catalyst suspended in the working
solution, the combined mixture being brought to the
reaction temperature,

- the oxygen introduced into the continuous
gas phase at 3 originates from the flow 8, that is to

20 say from non-recycled oxygen, and,

- the hydrogen injected at the bottom of the
reactor is fed via 2.

A pressure regulator i makes it possible to
keep the pressure prevailing inside the reactor

25 constant by discharging excess unconsumed gasecus
reactants 9. Likewise, the temperature of the reaction

medium is kept constant by virtue of the exchanger e.



The tenperature of the m xture can al so be regul ated by using a

j acketed reactor with circul ation of water. 10 The reactor
according to the invention is designed so that, if the stirring is
accidental ly halted, all the gas bubbles can rise and reach directly
t he continuous gas phase sol ely under thadaction of gravitational
forces. The various devices installed 15 inside the reactor in order to
provi de for the heat exchanges and/or the stirring nust not form an
obst acl e to the ristheffdlibwiesy ard masitinobusésulihtirodtubed
formati on of pockets of gas inside the agueous reaction medium 20
The reactor camnbe theposacktaf: aty Gattdrd alorking soidpatiphl; eat Rhandie
reactants used. Use nay be nmade, for exanple, of metals, such as

st ai nl ess st eefts bydrogen 3p|thy 3wt af/mmaddl Habbdesoyasl Poysxyoenel se
met al s coated with chemcally resistant polyners, such as PVDF 25
(pol yvi nyl i den&nf Fh%rf%},oibwj(%&%}ié‘ﬁsaf lafoBo- OXygeneiRy RBnaRoupEA
(copol yner of C2F4 and of_ perf]uorinated ., vinyl ether) or FEP

(copol ymer 8f BYEh gh@to$hqzwq%qr concentration of hydrogen in the 13

The feeds of Oéggggngéugfggg“gﬁggghisrnggas less than 4%.

The feed system at 3 is controlled by the in-
line analyser g of the gas flow 5 exiting from the
reactor. The oxygen feed at 3 is provided by the flow 8

10 and by the flow 10; the latter originates from the
gaseous effluent at the outlet of the reactor after
removal of the hydrogen through a membrane s. The
hydrogen thus removed provides for the partial hydrogen
feed 4 into the lower part of the reaction medium.

15 The oxygen 1 injected into the lower part of
the reaction medium originates entirely from the
gaseous effluent at the outlet of the reactor and
comprises hydrogen.

All the gas flow rates are regulated using

20 mass flowmeters f. The flow rates for oxygen and for
hydrogen injected into the lower part of the reaction
medium are such that the ratio of the hydrogen molar
flow rate to the oxygen molar flow rate is always
greater than 0.0416.

25 The injection nozzles d make it possible to

inject the reactants in the form of small bubbles.



formof small bubbles, into the |ower part of the aqueous reaction
medi um can be provi ded by pipes or pl ates nade of sintered netal or
el se various types of 5 nozzle which make it possible to eject gas at a
hi gh rate and thus to bring about the formation of many smal

bubbl es. A device and a bl ask diagramillustrating an

enbodi nent of the process of the present invention, 10 which are
represented in the single Figure, are descri bed herei nbel ow.

The device conprises a rgeetmpmsti predildes formehrsretyalvagtofal shaft
equi pped with a self-suction turbine a and with a turbom xer b. On
start-up: the urnéonsunedrhywbmuearnsend acoasalgdt osygprnded i n t he worki ng
solution, the conbined m xture being brought to the, reaction

t enper at ur e, The aqueaiso@pdartion: comgzédingt shenhby@vegemuous
gas phase at 3 originates fromthe flow 8, that is to 20 _say from
non-recycl ed oR§EPRIAnkprmed is simultaneousdy ReRpsaEAd fredteleat the
bottom of the eactor, is fed via 2. A pressure regul ator
i nmakes it PosSFHREY$h usingddif hid tsreSsGre ﬁFE%SFFFﬁgcgﬂg?H%O?ﬁ%Yreactor
25 constant by, di schargi ng excess unconsunmed gaseous reactants 9.

Li kewi se, the zenperature of the reaction medi um i s kept constant by

virtue of the exchanger Sther specific embodiments are given in the
following examples.

EXPERIMENTAL PART

10 Preparation of the catalyst

The catalyst used comprises 0.8% by weight of
metallic palladium and 0.04% by weight of platinum,
these being supported on a microporous silica. It is
prepared by impregnating silica from the Company

15 Aldrich (ref. 28,851-9), having the following
characteristics:

Mean particle size = 5 to 15 um

BET surface = 500 m?/g

Pore volume: 0.75 cnﬁ/g

20 Mean pore diameter: 60 A,
with an aqueous solution comprising PACl; and H,PtCls,
followed by drying and finally by heat treatment while

flushing with hydrogen at 300°C for 3 hours.

The reactor

25 The reactor is a jacketed stainless steel



14 The follow ng are continuously introduced into the
reactor: at 6, the working solution; at 2 and 4, hydrogen in the form
of small bubbles; at 1, oxygen in the formof small bubbles; at 3,
oxygen in an anpunt 5 such that the nolar concentration of hydrogen in

t he continuous gas phase is always | &és than 4% The feed
systemat 3 is controlled by the in- | ine anal yser g of the gas flow 5
exiting fromthe reactor. The oxygen feed at 3 is provided by the flow
8 10 and by tdmetdd¢awed Oyithhevdtaint exironilgitnanesnfir ancéhacity ghseous
effluent at the outlet of the reactor after renoval of the hydrogen
through a menbt@hecr’, the intempaiogahlshof whheleareyrendtrs Widh t he
partial hydrogen feed 4 into the |ower part of the reaction nmedium 15
The oxygen 1 iRfEBEt ebt i ¥t CTHERSWaH thaat s§irrer CORprigaRdidn nedi um
originates entirely fromthe gaseoys effluent at the out|et of the
reactor and Ver?kﬁ&% %&%ﬁ%yﬁwégéhturblne Comprlslﬁﬁls%ﬁer©%§a¥lom/rates

are regul at mass fl oweters f flow, rates for_oxygen and
f or hyd o aﬁ?%ec 9 18T The S SdsP ﬁ%‘tlp&edt Wéyzﬁeﬁﬂ?lbﬂl ed medi um

T e e e i
the reactor which make it possible to inject hydrogen
and oxygen, in the form of small bubb;es, into the
lower part of the agqueous reaction medium. It is

10 furthermore equipped with an inlet situated in the 1lid
of the autoclave which makes it possible to introduce
oxygen so that the molar ratio of hydrogen to oxygen in
the continuous gas phase is always less than 0.0416,
that is to say outside the flammability range of the

15 hydrogen-oxygen mixture.

The injection of the reactants into the
aqueous medium and the injection of the oxygen into the
continuous gas phase are regulated using mass
flowmeters.

20 The pressure prevailing inside the reactor is
kept constant by virtue of a discharging device. The
hydrogen and the oxygen constituting the gas flow
exiting from the reactor are quantitatively determined
in line by gas chromatography.

25 Preparation of an aqueous solution (I)

An agueocus solution is prepared by addition

of 0.5 g [lacuna] HiPO4, 2.5 g [lacunal] H,S0; and 50 mg



25 The injection nozzles d make it possible to I nj ect the
reactants in the formof small bubbl es.

15 The punp h provides for the recycling of unconsuned
hydr ogen and unconsuned oxygen. The aqueous sol ution
conprising the hydrogen peroxi de fora®d is sinultaneously separated
fromthe 5 catalyst using the filter c and extracted continuously,

7. Q her specific enbodinments are given in the

fol | owi ng exampfesodium bromide to IEXRERMVEDEAdifARTledOvater and
Preparation of the catalyst The catal yst used conprises 0.8%
by weight of 5 mgeeflBic ipalthediformand 0%04¥DiNeswgber of platinum

t hese bei ng supported on a n1croporous silica. It is prepared by

i mpregnating silica frorfetRrabmranedur® Al drich (ref. 28,851-9), having
the foll ow ng characterlstlcs Mean partlcle size =5
to 15 [err] 0 ot sthe apeouspFodptgon (I) and -3 gpefe
volunme: 0.7 anet e with an

n pore di
aqueous soIgt|Sﬂthﬁ%?l%¥?mf4§R§?¥ﬁﬁéi e eM QFﬁFVG ahd then"thd

aqueous reaction medium is brought to and maintained at
the desired temperature. The inlet for oxygen into the
continuous gas phase is subsequently opened. The
pressure in the autoclave increases to the chosen value

10 and it is then kept constant by virtue of the pressure
regulator.

The hydrogen and the oxygen are subsequently
injected into the aqueous reaction medium in the chosen
proportions and then the hydrogen in the gas flow

15 exiting from the pressure regulator is quantitatively
determined every 10 minutes.

After the desired reaction duration, the
inlet for hydrogen and oxygen into the agqueous reaction
medium is turned off and the injection of oxygen into

20 the continuous gas phase is maintained until hydrogen
has completely disappeared from the latter. The inlet
for oxygen is then turned off, the reactor is then
decompressed and, finally, the aqueous hydrogen
peroxide solution is recovered.

25 The aqueous hydrogen peroxide solution
recovered is subsequently weighed and then separated

from the catalyst by filtration through a filter. The



followed by drying and finally by heat treatnent while flushing with
hydr ogen at 300[err]C for 3 hours. The reactor 25

The reactor is a jacketed stainless steel

16 autoclave with water circulation and a capacity of 100 cnB, the
internal walls of which are coated with 18 PTFE. It is equipped with a
stirrer conprising a vertical shaft with a turbine conprising six

radi al 5 bl ades. The reactor is also equipped with two inlets made of
PTFE capi | | ary riegh@ tshyuabedtabnt he Eﬁéﬁﬁ&ﬂéﬁtltatﬂd&iﬁ*ﬁﬁﬂéﬁhiﬁ@ﬁpB make it
possi ble to inject hydrogen and oxygen, in the formof small gbles,
into the Idwdbmpary,Othﬁbemahﬂ@@UStrpﬁﬁﬁihﬂbrﬁﬁﬂdﬂﬁeﬂMinkSthéo

furthernore equipped with an inlet situated in the lid of the
aut ocl ave whi chydekgeni pepossidél eohoen tntatothree oxygen so that the
nmol ar ratio of hydrogen to oxygen in t he conti nuous gas phase is
al ways | ess than 0.0416, The comsmamptson oo fdyydnaosirdd st neafsuanedabiyl i ty range
of the 15 hydrogen oxygen m Xt ure. The injection of the
reactants it o[fBeunal difference between the amount injected and the
amount which has exited from the reactor.
The selectivity of the direct synthesis of
hydrogen peroxide with respect to hydrogen is defined
as being the percentage of the number of moles of
10 hydrogen peroxide which is formed to the number of
moles of hydrogen which is consumed.
The operating conditions and the results

obtained during the various tests (Examples 1 to 10)

are combined in Table I.



équeous medi um and the injection of the oxygen into the

phase are regul ated

usi ng nmass f

| ownet ers. 20

conti nuous gas
The pressure

prevailing inside they,reactor is kept constant by| virtue|of a
di schargi ng device. {THe & hydrogen and the oxygen cpnstitufling the gas
fl ow exi ting from egreact or areoqqgnéiggtngjy Jdet erm_ned in
line by gas chronatcgﬁagpym = 5* v © Prepara on| of @An®aqueous
solution (I) 2 An aqueoys solution is prepared by addition
of 0.5 g [lacuna] H[emr]POferr] 2.5 (g [l acuna] H[err]SO[err] and 50 ny
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injected into the aqueous reaction nmediumin the chosen proportions
and then the hydrogen in the gas flow 15 exiting fromthe pressure
regulator is quantitatively determ ned every 10 m nutes.

After the desired reaction duration, the inlet for hydrogen and oxygen
into the agueous reaction mediumis tagrned off and the injection of
oxygen into 20 the continuous gas phase is maintained until hydrogen

has conpl etely di sappeared fromthe latter. The inlet for oxygen is
then turned off, the reatamples tlerto 13 deconpressed and, finally, the
aqueous hydr ogen peroxi de solution Is recovered. 25 The
aqueous hydrogen peroxi dissalsutmaaie of ar eydiededchd sebstquemadly @£i ghed
and then separated fromthe catalyst by filtration through a filter.
The type 316 L stainless steel withgan interssil diageterucfon is
t hen quantltatlvely det erm ned by iodonetry, thus making it possible
to deternine t$e mm, aﬁmqigtérpfp&wme aé@n@eﬁpftaﬂl gapacity of The
consunption_of h dro n |s measur ed by %Iacuna] di fference between the
amount i nj eet etP d"-‘i‘heTe 1§§Gﬁﬁ?1mﬁﬁéﬁsh8 ERPt BT F M TR FHADr

Th I i Vi f the dir is.af
e select t% 3 é 555% f§§agxgh:e%.%hlckness of 1 millimetre.

Stirring is provided by a vertical shaft
equipped with a flanged turbine, the suction of which
is directed downwards. The flanged turbine with a

10 diameter of 45 mm, situated in the middle of the
reactor, is equipped with eight blades.

An axial propeller with a diameter of 30 mm,
equipped with six inclined blades, is attached to the
end of the vertical shaft close to the bottom of the

15 reactor.

The reactor is also equipped with four
vertical baffles and with a heat exchanger with a
bundle of 8 vertical tubes in which water circulates at
17°cC.

20 The hydrogen and the oxygen are injected into
the liquid phase using two stainless steel tubes, the
inlets of which are contiguous and are situated close
to the axial propeller.

The procedure of the preceding examples is

25 used, except that 700 g of aqueous solution (I) and 6 g

of catalyst are used.



hydrogen peroxide with respect to hydrogen is defined as being the
percentage of the nunber of noles of 10 hydrogen peroxide which is forned

to the nunber of nol es of hydrogen which is consuned. The
operating conditions and the results obtai ned during the various tests
(Examples 1 to 10) are conbined in TaBlle I. [
err ] 20 Exanpl es
11 to 13 Use is made of a cylindrical reactor nade of

type 316 L stainless stedhen tdpeamatiimper maindditdoeter aafl the results
obtained during the tests (Examples 11 to 13) are

combined in Table II.



98 nm a height of 200 nmand a total

capacity of

5 1500 cnB. The

internal walls of the reactor are coated wth a PTFE | ayer with a
t hi ckness of 1m'II|mE5tre Stirring is provided by a
vértical shaft @Jl pped with a fllanged turbine, the suction of which
is directed downwards eglqnged turbjng withia 10 dianmeter of 45 mm
situated in the mdd Ehex * redc!l?opo %s equi pped with ei ght bl ades.
An axi al propeller w tE‘h a @ aneter of |30 Mm equi pped with six
inclined bl ades, is pttaché&d to the end of ({the vertical shaft close to
the bottom of the 15 TEgTtOr: The reactor is al so equipped
wth four vertical baffles and with a heat exchanger with a bundl e
of 8 vertical tubes ﬁvater circul ates at 17[err]C. 20
The hydrogen and the etE aEe o« njected ntd the |iquid phase using
two stainless steel inl&@ts & which are contiguous and are
situated cl ose to tge ax%al prope¢l I er. The procedure of
t he precedi ng exanpl gs |S 25 used, except that| 700 g of aqueous sol ution
(I') and 6 g of patabyst—are "sed 21
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The operating conditions and the results obtained during the tests
(Exanples 11 to 13) are conbined in Table I1. [ errr ]

1. Process for the preparation of an aqueous hydrogen peroxi de
solution in a stirred reactor 5 directly from hydrogen and oxygen,
characterized W9 99/41118& hydrogen and of$gen are inj e(PCE!dFR'BB/UbeeSorm of

smal | bubbles, into the | ower part of the aqueous reaction._ HEdLHﬁ}

whi ch has been rendered acidic by the addition of a mneral

which conprises a 10 catalyst in the oCEaEMSed state, vﬂ“muul !“ g uch
that the ratio of the hydrogen nolar flow rate to the

flowrate is greater than 0.0416 and in

1. Process for the preparation of an
aqueous hydrogen peroxide solution in a stirred reactor
5 directly from hydrogen and oxygen, characterized in
that hydrogen and oxygen are injected, in the form of
small bubbles, into the lower part of the aqueous
reaction medium, which has been rendered acidic by the
addition of a mineral acid and which comprises a
10 catalyst in the dispersed state, with flow rates such
that the ratio of the hydrogen molar flow rate to the
oxygen molar flow rate is greater than 0.0416 and in
that oxygen is introduced into the continuous gas phase
and/or into the upper part of the aqueous reaction
15 medium in an amount such that the molar ratio of
hydrogen to oxygen in the continuous gas phase is less
than 0.0416.
2. Process according to Claim 1,
characterized in that the injections of hydrogen and of
20 oxygen in the form of small bubbles into the lower part
of the aqueous reaction medium are situated at the
bottom of the stirred reactor.
3. Process according to Claim 1 or 2,
characterized in that the inlets for hydrogen and
25 oxygen into the lower part of the aqueous reaction

medium are contiguous.



that oxygen is introduced into the continuous gas phase\*\-amj/or into

the upper part of the aqueous reaction 15 nediumin t such t‘l’rat~
the nolar ratio of hydrogen to oxygen in the cont W |s
I Tt

| ess t han 0. 0416. 2. Process accor

characterized in that the injections of hygrogen and of 20 oxybens | n he
formof small bubbles into the | ower part of the aqueous reaction
medi um are situated at the bottom of the stirred reactor.

3. Process according ta.Cl apfbtedt accordinghes agherédethd vidis tihe
inlets for hydrogen and 25 oxygen into the |ower part of the aqueous
reaction maeh B aberactergeedsin that the reaction medium

24 4. Process according to any one of Clains 1 to 3,
characteri zed ioerpFdtseshetabadtzensnfdr unydrogem grgardssiade st abi | i zers for
hydr ogen per oxi de. 5. Process according to any one of
Claims 1 5 to 4, char aét er| Peaceast aacor@eng ebetdmn onmliafimClaimscdnpri ses

hal i des. rocess according to Caimb5,
characterized it® ﬁhthﬁﬁécﬁSFﬂaédl int hBabr B¢ deeaction medium 7. Process

according to d ampr?SeS halides.

6. Process according to Claim 5,
characterized in that the halide is the bromide.

7. Process according to Claim 6,

10 characterized in that the bromide is used in
combination with bromine in the free state.

8. Process according to any one of Claims 1
to 7, characterized in that the catalyst comprises
palladium.

15 9. Process according to Claim 8,
characterized in that the catalyst comprises platinum.

10. Process according to Claim 8 or 9,
characterized in that the catalyst is supported.

11. Process according to Claim 10,

20 characterized in that the support is chosen from
silica, alumina and silica-aluminas.

12. Process according to any one of Claims 1
to 11, characterized in that the oxygen introduced into
the continuous gas phase and/or into the upper part of

25 the aqueous reaction medium comprises hydrogen.



10 characterized in that the bronide is used in conbi nation with
bromne in the free state. 8. Process according to any one
of Clains 1 to 7, characterized in that the catalyst~compri Ses

pal I adium 15 9. Process according to
characterized in that the catal yst conpri3s®s platinu ‘T“n“ “mmlmm 10
Process according to Claim8 or 9, characterized«incthat #t he C’ata

i s support ed. 11. Process according to Caim10,
characterized in that thd3suppabcess eahosedifigoto any cné ief, CJainuma rMa and
silica-al um nas. 12. Process according to any one of O ains
1 to 11, dimrléct ehazedtieriziedt inhthakygka oxygenuteiedted in the
continuous gas phase and/or into the upper part of 25 the aqueous reaction
medi um conpri séhehyidrogef. small bubbles, into the lowgr maweex’s tecording
to any one of Cains 1 to 12, characterized in_that the oxygen
injected, in aqugqs Gﬁ%%POWIdlB@bEP@§r1$ﬁFOhYWéO$%er part of the
aqueous reaction medi um conprises hydrogen. . Device for
the preparat?on of an aqﬂéousDeVlcﬁyéPBgEHep@F%R?’a%t%%‘Pu‘?ﬁ&P‘Pcﬂqué?rﬂqsy from

hydrogen and hydrogen peroxide solution directly from hydrogen and

oxygen comprising a stirred reactor fed continuously or
non-continuously with working solution, characterized
in that the reactor is equipped with one or more

10 1inlet{s) for gaseous hydrogen, in the form of small
bubbles, into the lower part of the agqueous reaction
medium; with one or more inlet(s) for gaseous oxygen
optionally comprising hydrogen, in the form of small
bubbles, into the lower part of the agqueous reaction

15 medium; with a pressure regulator which makes it
possible to keep the pressure prevailing inside the
reactor constant by discharging excess unconsumed
gaseous reactants; and with one or more inlet(s) for
gaseous oxygen optionally comprising hydrogen into the

20 continuous gas phase and/or into the upper part of the
aqueous reaction medium, which is/are controlled by an
analyser of the gas flow exiting from the reactor, so
that the hydrogen/oxygen molar ratio in the continuous
gas phase is less than 0.0416.

25 15. Device according to Claim 14,

characterized in that the reactor is equipped with an



non-conti nuously wth working solution, characterized

reactor is equipped with one or nore 10 inlet(s) for m“g@%‘m in
the formof small bubbl es, into the | ower part of kIS eéctlon
medium w th one or nore inlet(s) for gase®us oxygen * optlonally
conprising hydrogen, in the formof snall bubbl es, into the | ower part
of the aqueous reaction 15 nmedium with a pressure regul ator which nakes
it possi bl eutd ekedprt hhepegssaceipn evii thaGadquessuke Hyirogen r eact or
constant by di schargi ng excess unconsuned gaseous reactants; and with
one or nore inperexideosolutigaseous oxygen optionally conprising hydrogen

into the 20 continuous gas phase and/or into the upper part of the
aqueous reaction nediun11ﬁhicHeV$¢ar@C©@ndxmmltﬂiQﬁﬁxmnl4 oraddl,yser of the

gas flow exiting fromthe reactor, so t hat the hydrogen/ox¥9en mol ar
ratio in the cGHEFARGSE¥ized gastbﬁéséhesgqi%sglqmaﬁ?ud:mefronzs;

15. Device according to C aim 14, characterized in_that the reactor
is eqUIppedamiﬂ?qgﬁor is relnjected into the circuit feeding the out | et
for the extraction of the aqueous h drogen per oxi de sol ution.

16. Device acc RmeﬁgPPEtch ﬁﬁf4agP qys “reaction ‘medium with oxygen.

17. Device according to Claim 14 or 15,
characterized in that the gas flow exiting from the
reactor is reinjected, after optional adjustment by

10 addition of oxygen and optionally by removal of
hydrogen, into the circuit feeding with oxygen the
continuous gas phase and/or the upper part of the
aqueous reaction medium.

18. Device according to any one of Claims 14

15 to 17, characterized in that at least one inlet for
hydrogen and at least one inlet for oxygen, in the form
of small bubbles, are situated at the bottom of the
stirred reactor.

19. Device according to one of Claims 14 to

20 18, characterized in that the inlets for oxygen and
hydrogen into the lower part of the agqueous reaction
medium are contiguous.

20. Device according to any one of Claims 14
to 19, characterized in that the stirring of the

25 reactor is provided by one or more independent

impellers or turbines.



characterized in that the gas flow exiting fromthe 5 reactor—+s

reinjected into the circuit feeding the | ower part _
reaction nmedi um w th oxygen. 17. Device j ' i\ ““}“aﬁﬁm‘\m
o fthe s *

14 or 15, characterized in that the gas flow exiti

reactor is reinjected, after optional adjastnment by 10 addition of oxygen
and optionally by renoval of hydrogen, into the circuit feeding with
oxygen the continuous gas phase and/or the upper part of the

aqueous reaction nmedium 2l. Device accoddindesd aelaec@odi ng to any one of
Claims 14 15 to 17, characterized in that at |east one inlet for
hydrogen and arhbzastevhneefinietthatr kg gembimed kerd dlanged of smal |

bubbles, are situated at the bottom of the stirred reactor.

19. Device accéBgPageto one of Clains 14 to 20 18, characterized in that

the inlets for oxygen and hydrogen into the | ower part of the aqueous

reaction nedi um are é9nt i BEviee according to Clagm 20evi ce according to
any one of ai 14 . to 19, characterized in that the stirring of the

25 reactor Ps 5£35F858rb§e€néno?h%%r%b?rﬁkﬁﬁ%ﬂﬁﬁnare selfpencsionor

t ur bi nes. turbines 27

23. Device according to any one of Claims 14
to 22, characterized in that the stirred reactor is
equipped with a heat exchanger.

10 24. Device according to Claim 23,
characterized in that the exchanger is a vertical
tubular bundle or wound spirals or a bundle of vertical
plates positioned radially.

25. Device according to any one of Claims 14

15 to 24, characterized in that all the small bubbles in
the aqueous reaction medium rise solely under the
effect of gravity to the agueous medium/continuous gas

phase interface when stirring is halted.



21. Device according to C aim 20, characterized in that the turbines

are fl anged t ur bi nes. 22. Device according to C aim 20,
5 characterized in that the turbines are self-suction t ur bi nes.

23. Device accog@dm 56’ any one of Cains &]4 to 22, characteri zed in
that the stirred reactor is equped1 th a heat exchamf SYpise

24. Devi ce accordi ng t the exchanger
is a vertical t upul ar bundle or wound spirals or a bunfle of vertical

pl ates positioned rasially. 25. Device accorfing to any one
of Clainms 14 15 characterized in that all the s )
the aqueous resEEESERDEH under the gravity to
t he aqueous T CONT T T = Pt
hal t ed.
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