. WO 01/05498 1 PCT/ FROO/ 01416 MJULTILEVEL REACTOR, | TS USES, AND PROCESS FOR
MANUFACTURI NG HYDROGEN PEROXI DE The present invention relates to a process
in which gaseous conponents are reacted in the presence of 5 a solid
suspended in a liquid phase. The invention also relates to a device for

i npl ementing the process More particularly, the invention relates to a
device and 0 #b€@8498or nanufacturing Rydrogen per?ﬁ dERGO/03ALF  from
oxygen and hydrogen, with a catalyst suspended in an aqueous phase.
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oxygen remain in the formof small bubbles. Furthernore, to obtain a
reasonabl e cesyeteksoto of dehécgaseeuimpeankanisg the pesgebsof Mble tubul ar
25 reactor has to be considerable and has to conprise a |arge nunber of
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process for manufacturing hydrogen peroxide directly
from oxygen and hydrogen, with a catalyst suspended in
10 an agqueous phase.
Patent applications WO 96/05138 and
WO 92/04277 disclose that hydrogen and oxygen'can be
reacted in a tubular reactor (pipeline reactor) in
which there is high-speed circulation of an aqueous
15 reaction medium comprising a suspended catalyst.
Hydrogen and oxygen are thus dispersed in the reaction
medium in proportions excéeding the limit for
flammability of hydrogen, i.e. giving a molar
concentration ratio of hydrogen to oxygen greater than
20 0.0416 (Enclopédie des Gaz [Gas Encyclopedial] - Air
Ligquide, page 909). A process of this type is safe only
if hydrogen and oxygen remain in the form of small
bubbles. Furthermore, to obtain a reasonable conversion
of the gaseous reactants, the length of the tubular
25 reactor has to be considerable and has to comprise a
large number of bends. Under these conditions it is
difficult to ensure that no gas pocket forms. In

addition, any stoppage of the circulation of the



. addition, any stoppage of the circulation of the 2 aqueous reaction nedi um
can cause an expl osive continuous gaseous phase to appear. European patent
application EP 579 109 discloses that hydrogen and oxygen can be reacted

“ina 5 "trickle bed" reactor filled with solid particles of catalyst

t hrough whi ch the aqueous reaction nedi @n and the gaseous phase contai ni ng
hydr ogen and oxygen can be made to flow cocurrently. Again, it is very
difficult to ensure that a process of this type is safe, due to 10 the

ri sk that paatuebutheebetibhembddunmyadr yaask andexptosheedi fficulty of

di ssipating the considerable .anounts of heat generated by the reaction.
The patents tSn#000282, g8Se4REIRBAscUS0468DEBL.and US 4772458, furthernore,
disclose a 15 process for the direct manufacture of hydrogen peroxide, in
whi ch hydrogen and oxy§umopeanr pasead pppraicaticnedPr 848t dP% n the presence

of a catal yst suspended. in_an aqueous reaction nmedium However, the use of
a stirred r8a8FoPsREs thRE BYSIGUSR: 296 ORYPERICRY PS F§2&FERerMa?d ow
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peroxide is obtained at th expense of ety.
the gaseous phase containing hydrogen and oxygen can be
made to flow cocurrently. Again, it is very difficult
to ensure that a process of this type is safe, due to
10 the risk that part of the trickle bed may dry out and
to the difficulty of dissipating the considerable
_amounts of heat generated by the reaction.
The patents US 4009252, US 4279883,
US 4681751 and US 4772458, furthermore, disclose a
15 process for the direct manufacture of hydrogen
peroxide, in which hydrogen and oxygen are reacted in a
stirred reactor in the presence of a catalyst suspended
in an aqueous reaction medium. However, the ﬁse of a
stirred reactor has the disadvantage of leading to
20 either a low conversion rate. or inadequate
productivity.

The literature generally indicates that
complete operational safety requires that productivity
be sacrificed, and that inversely an increase in

25 productivity for hydrogen peroxide is obtained at the

expense of safety.



:3 The subject of the present invention is therefore the provision of a
process conprising a reaction step using gaseous conponents in the
presence of a solid suspended in a liquid phase, and in 5 particular a
“process for the direct manufacture of hydrogen peroxide in conplete safety
and with optimzed productivity for hydyogen peroxide, and a device
capabl e of inplenenting the sane.' The device of the invention conprises a
10 cylindrical vertical stirred reactor provided with neans of injection

of gaseous reactants afrheheubget@mor Wnihpreaes tofindienehangesat the top for
removi ng the gaseous reactants, and with centrifugal turbines arranged,

preferably repakafbye ahengravibn@heomehtp&@bek& agbatiisiggshaft. The
vertical shaft is generally driven by a geared notor unit which is nost

of ten situat edacéiiphestabousiog elsewusheompaceots Depéhei pgesrnicee | ength
of the shaft, it may be supported by one or nore bearings. 20 The reactor
may al so be éﬁu?pﬁéglﬂ|FHSP@ﬁdﬁﬁeﬁnbéfﬂﬂeyldn@hgﬁam ghda ipeat exchanger.

The perfectl %lrr d reactor consists of a single space without any fixed
hori zont a éFF (a0 oyl aTP§°ﬁ§F§hF°&ft@ﬁbdﬂé§6FomaP§f§€ﬁ§F&IPﬁ bet ween 1.5

and 25 10 t| the dlaneter and preferably meen 2 and 4 tines the
di aneter. Hg?éa 8F8r PRECKISS proviCHE %%%ﬂ?%% y and with optimized

productivity for hydrogen peroxide, and a device
capable of implementing the same.’
The device of the invention comprises a
10 cylindrical vertical stirred reactor provided with
means of injection of gaseous reactants at the bottom,
with means of discharge at the top for removing the
gaseous reactants, and with centrifugal turbines
arranged, preferably regularly, along a single vertical
15 agitating shaft. The vertical shaft is generally driven:
by a geared motor unit which is most often situated
either above or below the reactor. Depending on the
length of the shaft, it may be supported by one or more
bearings.
20 The reactor may also be equipped with
counter-baffles and/or with a heat exchanger.
The pérfectly stirred reactor consists of a
single space without any fixed horizontal partitions.
The height of the reactor is generally between 1.5 and
25 10 times the diameter and preferably between 2 and

4 times the diameter. The reactor is also provided with



.a bottomand with a lid which can be flat or hem spherical. Figure 1 is a
sinplified diagramof a particular device of the invention. 5 The device
conprises a vertical stirred reactor (V) provided with centrifuga
“turbines (a) arranged along an agitating shaft driven by a nmotor (M. The
reactor is also equipped with counter-baffles (c) and with a heat
exchanger (R). Means of injection 10 (1, 2) of gaseous reactants are

provi ded at the bottom of the reactor, and a discharge (3) situated at

the-top of gheotegrtohasRivesal DidevReent £gn Bé gaseoys reactants. Any
type of centrifugal turbine capable of 15 drawing a m xture of liquid, of

bubbl es of gremispledicasuspended solid to the central axis of the reactor
and of projecting this mxture radially in a horizontal plane in order to
provide circul ati on of Figguedl msxéusitppbubbedsddbéggas, ofnd solid in
accordance with 20 figure 1 can be suitable according to the invention.
Preference iBagtyenlas deuhgedofatihal invanbiAaBs with one or two central

openi ngs. Flanged turbines simlar to those used for centrifugal water
punps wi tB the punpi ngTBei FE¥ECHi FEBPEHSASWAWIREtAFRL 28 yEF§dparticul arly

suitable. 5 The turbjnes may be equjpped w.th vanes arranged, radially or
at an angl e BgaFBPﬁigg?thpggggg w1gh gentrl%uga? %urglnes ?a)

arranged along an agitating shaft driven by a motor
(M) . The reactor is also équipped with counter-baffles
(c) and with a heat exchanger (R). Means of injection
10 (1, 2) of gaseous reactants are provided at the bottom
of the reactor, and a discharge (3) situated at the top
of the reactor serves for evacuation of gaseous
reactants.
Any type of centrifugal turbine capable of
15 drawing a mixture of liquid, of bubbles of gas, and of
suspended solid to the central axis of the reactor and
of projecting this mixture radially in a horizontal
plane in order to provide circulation of liquid
mixture, bubbles of gas, and solid in accordance with
20 figure 1 can be suitable according to the invention.
Preference is given to flanged radial
turbines with one or two central openings. Flanged
turbines similar to those used for centrifugal water
pumps with the pumping orifice directed downward are

25 very particularly suitable.



. The nunber of vanes is preferably between 3 and 24. The nunber of turbines
depends on the ratio 5 of the height of the reactor to the dianeter of the
reactor and is generally between 2 and 20, preferably between 3 and 8. The

“di stance between two turbines is preferably between 0.5 and 1.5 tines the
external 10 diameter of the turbine; thBis latter is preferably between 0.2
and 0.5 tines the dianeter of the reactor. The thickness of the turbines
is preferably between 0.07 and 0.25 tinmes the dianeter of the turbine.

Thi ckness neans the diftance PeideeRal e t¥QuidSed | @DgESvOhes he turbine.
The device according to the invention may also conprise a filter installed

i nside or ouiskslegéierad£aTlipror | &t 0ger &hy 08, ot heotmiws paLices.the reactor
20 is occupied by a liquid phase conprising suspended solid catalysts and
many snal | bribd| esmioér gas evarses r eacpantsrabhy| ketheenppeanga?d.i s occupi ed
by a continuous gaseous phase. The vol une occupi ed by the continuous
gaseous phase representhe beumeen 90 andb30es 28epéndheonothe yatiee of the
reactor and preferably between 20 and 25% 6 The turbines are arranged

al ong t hebagpfathaghehght a6 that repefosrr o therdéanehny pfetleabl y

conpletely inmrersed, in the |iqui hase when_agitafion
P y reactor and gs gengraflg between 2 gnd &0, preferably

between 3 and 8.

The distance between two turbines is

preferably between 0.5 and 1.5 times the external
10 diameter of the turbine; this latter is preferably
between 0.2 and 0.5 times the diameter of the reactor.

The thickness of the turbines is preferably
between 0.07 and 0.25 times the diameter of the
turbine. Thickness means the distance between the two

15 flanges of the turbine.

The device according to the invention ﬁay
also comprise a filter installed inside or outside the
reactor.

In operation, the lower part of the reéctor

20 is occupied by a liquid phase comprising suspended
solid catalysts and many small bubbles of gaseous
reactants, while the upper part is occupied by a
continuous gaseous phase. The volume occupied by the
continuous gaseous phase represents between 10 and 30%

25 of the total volume of the reactor and preferably

between 20 and 25%.



.stops. 5 The speed of rotation of the turbine is chosen so as both to
maxi m ze the nunber of possible bubbles of gas per unit of volunme of the
| iquid phase and mninm ze the dianmeter of the bubbles. To prevent the
“entire liquid phase from 10 rotating, the reactor is equipped wth
counter-baffles, preferably consistingegof vertical rectangul ar plates
arranged around the turbines. The counter-baffles are generally situated
between the cylindrical wall of the reactor and the turbines. 15 The

hei ght of these netal Platesrbsngeneraldyrasdedealong hetie dgiteting
cylindrical. part of the reactor. The width is generally between 0.05 and
2 tinmes the sihgnedertiodt titeey esncd oimmdheedpynied pfefevaivey - baffl es
selected is 20 determned as a function of their width and is generally
bet ween 3 ancdletrell prbfreenddy, bt welee Higuid BhaFhewkheounmeitdatdhes (c)
are preferably placed vertically at a distance of between 1 and 10 mm from
25 the wall $B9P®f the reactor and oriented on the axis of radii coming
fromthe center of the reactor, as shown, in figure 2, which is a cross
section of the reactorth® FWEEPpRH ﬁ??ﬂthoba?figﬁ?a?“?%%%?nésmjth (0)
[5?[);"‘?]?“ Qﬂgdté%?ee’?ﬁ%‘t"vgﬁe‘g%%'tﬁg REx RS EUERL "Gunbld oENSoLLERPE Of the

bubbles of gas per unit of volume of the liquid phase

and minimize the diameter of the bubbles.
To prevent the entire liquid phase from
10 rotating, the reactor is equipped with counter-baffles,
preferably consisting of vertical rectangular plates
arranged around the turbines. The counter-baffles are
generally situated between the cylindrical wall of the
reactor and the turbines.
-15 : The height of these metal plates is generally
close to that of the cylindrical part of the reactor.
The width is generally between 0.05 and 2 times the
diameter of the reactor.
The number of counter-baffles selected is
20 determined as a function of their width and is
generally between 3 and 24 and preferably between 4 and
8.
The. counter-baffles (c) are preferably placed
vertically at a distance of between 1 and 10 mm from
25 the wall (p) of the reactor and oriented on the axis of
radii coming from the center of the reactor, as shown

in figure 2, which is a cross section of the reactor



turbine. 5 Sone or all of the counter-baffles nmay be replaced by a heat
exchanger. The exchanger preferably consists of a bundle of vertical
cylindrical tubes whose height is close to or equal to that of the
“cylindrical part of the reactor. 10 These tubes (t) are generally arranged
vertically around the turbines in accordance with figure 2. The nunber and
di aneter of these tubes are determned in such a way as to maintain the
tenperature 15 of the liquid phase within the desired limts. The nunber

of tubes is ghlugpphet wveen @ REt84ulaA thewdhd e tievioge according to the

invention may be used for inplenenting a reaction at atnospheric pressure,
it is nost otrkerepeditdhabitet @uld iopelcali iWrIIE MHRS THrdind ,gh Mr essures of
the order of from 10 to 80 bar are advantageously selected to accelerate
t he reacti onthat €lafige rdadher turbe neparsicof (1ggithat iveme arfd tHee exchangers
may consi st of any material usual in the 25 chemical industry, such as
stainl ess st&alrd®if®4 L or 316 L). 8 A protective coating of a pol yner,
such as PVDF (vinylidene polyfluoride), PTFE (polytetrafluoroethylene),
PFA (copolyner of C2F4Same Perilu®d dreFaunhdrdafdles ayrk® (copol yner

of C2F4 :
replaced by a heat exchanger. The exchanger preferably

consists of a bundle of vertical cylindrical tubes
whose height is close to or equal to that of the
cylindrical part of the reactor.

10 These tubes (t) are generally arranged
vertically around the turbines in accordance with
figure 2.

The number and diameter of these tubes are
determihed in such a way as to maintain the temperature

.15 of the liquid phase within the desired limits. The
number of tubes is often between 8 and 64.

Although the device according to the
invention may be used for implementing a reaction at
atmospheric pressure, it is most often preferablé to

20 operate under pressure. High pressures of the order of
from 10 to 80 bar are advantageously selected to
accelerate the reaction rate.

The reactor, the means of agitation, and the
exchangers may consist of any material usual in the

25 chemical industry, such as stainless steels (304 L or

316 L).



.5 and C3F6) may be applied to all of the internal surfaces of the reactor,
and external surfaces of the neans of agitation and exchangers. It is also
possible to restrict the coating to certain elenments subject to abrasion,

*for exanple the turbines. 10 The device is very particularly suitable for
the direct manufacture of hydrogen perogide, wth- hydrogen and oxygen
injected in the formof small bubbles of dianmeter |ower than 3 nm and
preferably between 0.5 and 2 mm into the aqueous |iquid phase, 15
preferably with nol ar Alpmwotetesvsucbatiag dhearpdlipmer, swélaras! ow rate of
hydrogen to that of oxygen is greater than 0.0416, while the content of
hydrogen i n PYDPR tCoinyhidese geekplibuphide) i SPRBENt ai ned bel ow t he
flammability limt. 20 The catal ysts generally used are those described in
US patent 47(Rabgtethrbluarecthyid nebatEFQSK§°B@%E@eén°5a¢ﬂ%dﬁﬁﬁaand/or

platinum optionally supported.on silica, alum na, r
al uni nosi | i dag®sl U%BX%%Egg glgﬁ%p%ﬁﬂﬁﬁ)ca?ﬁl§§Fs(c?ﬂgfﬁﬁﬁﬁoﬁg Ciftase,

Pycrogen Ber B A8 Y ReCaREISEel o (i B GRE F3P-BRdnSE TR des,
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conbi nati on wm't ree bronf ne rnvention al So provides the
process agitation and exchangers. It is also possible to

restrict the coating to certéin elements subject to
abrasion, for example the turbines.

10 The device is very particularly suitable for
the direct manufacture of hydrogen peroxide, with -
hydrogen and oxygen injected in the form of small
bubbles of diameter lower than 3 mm and preferably
between 0.5 and 2 mm, into the aqueous liquid phase,

15 preferably with molar flow rates such that the ratio of
molar flow rate of hydrogen to that of oxygen is
greater than 0.0416, while the content of hydrogen in
the continuous gaseous phase is maintained bélow the
flammability limit.

20 The catalysts generally used are those
described in US patent 4772458. These are solid’
catalysts based on palladium and/or platinum,
optionally supported on silica, alumina, carbon, or
aluminosilicates.

25 Besides suspended catalysts, the agqueous
phase, acidified by addition of a mineral acid, may

comprise stabilizers for hydrogen peroxide and



5 conprising a reaction step using gaseous conponents in the presence of a
solid suspended in a liquid phase. This process consists in introducing

t he gaseous conponents (2 or nore) at the bottom of the reactor either
separately or in the formof a mxture. 10 Introduction in the formof a
mxture is preferred when the conpositign of the gaseous mixture is
conpatible wth safety requirenents. In this case the feeding of

reactants may take place by way of a duct housed in the agitating shaft

and then by e°°q'EPo‘?i“§teit° f5 Bl e Jis 0T 84 Coarkgh & Nea LRI S! B orlifige t ur bi ne

situated at t om of the reactor, 1n such a way as to produce a

| arge number (f 1 cbubbl Spidird Peed | st di & | akvaret £6d @k Dy dded tin bi ne.
When the process requires feeding of the 20 gaseous conponents in:
proportions vwhmbigsesde Witk Pfee fhrémbie 0{BeXpl 0si on, the gaseous
reactants are introduced separately into the reactor either by injection
by way of discrete pipeBhsiinwerdiopsiieanpobvidies| tiesprecesson orifice of
the turbine, or by way of 25 discrete fritted tubes situated i medi ately
bel ow t he 5| cvesprisihyne. rddctioe gbePcesbndt GaspPs cRPMPARLAES ol may

operate continuously or sem continuqusly. In semcon lnuoés ﬁnde, t he
gaseous react bhesprapencat phoacealénfrANBRLEY Hﬁr?nngUH fPRREtine into

5 the lower part of the reactor,9c¢urigd B%.2:hiatLd gaseous

components (2 or more) at the bottom of the reactor
either separately or in the form of a mixture.

10 Introduction in the form of a mixture is preferred when
the composition of the gaséous mixture is compatible
with safety-requirements. In this case the feeding of
reactants may take place by way of a duct housed in the
agitating shaft and then by way of a set of small

15 orifices in the center of the turbine situated at the
bottom of the reactor, in such a way as to produce a
large number of small bubbles in the liquid flux
ejected by the turbine.

When the process requires feeding of the

20 gaseous components in proportions which create risk of
fire or of explosion, the gaseous reactants are
introduced separately into the reactor either by
injection by way of discrete pipes situated upstream of
the lowest suction orifice of the turbine, or by way of .

25 discrete fritted tubes situated immediately below the

lowest turbine.



. phase conprising the suspended solid catal yst. Excess gaseous reactants,
reaching the continuous gaseous phase of the reactor are generally
evacuat ed continuously by maintaining a constant 10 prevailing pressure
-inside the reactor. At the end of the defined tinme, the reactor is

di scharged to recover the products of ighe. reaction. Wen operation is
conti nuous, the gaseous reactants and the reaction solution are introduced
15 continuously into the reactor, initially charged with solid catalyst

suspended in the reactid $oFide OBf €ROSHésknBoihiventionimaphase. Excess
gaseous reactants are evacuated continuously, and the products of the
reacti on ar eomand teuomst inuecahy edr byemiwont igwot s hymous 20 w t hdrawal of
the liquid phase through one or nore filters in such a way as to keep the
solid catalysts suspehesenihcnieinheus cacder . tiihegss¢oes (s3agbgnbe of
candle-filter type made of fritted nmetal or of ceramc nmaterial, the 25
filters prefFabtytreingedl aeREInRPEsEY| AYringt Aedefined obing| HAERI de t he
vertical cooling. tubes or thﬁ tcounte’r-baffles. 11. The leterg may al so be
d

pl aced ouPsi Heethe"sEaRebF Qhd*PR Fﬂ?gfﬁﬁseoﬁFE?é?ﬁb?¥ Tons®8tCof a hol I ow

- Phase from (RESTEarBPE: 61 08nhPP s PREPERE-ELaRen et EATEP et el reul ates .

a Excess gaseous reactants reaching the
continuous gaseous phase of the reactor are generally
evacuated continuously by maintaining a constant

10 prevailing pressure inside the reactor. At the end of
the defined time, the reactor is discharged to recover
the products of the reaction.

When operation is continuous, the gaseous

reactants and the reaction solution are introduced

15 continuously into the .reactor, initially charged with
solid catalyst suspended in the reaction solution
constituting the liquid phase. Excess gaseous reactants
are evacuated continuously, and the products of the
reaction are continuously decanted by way of continuous

20 withdrawal of the liquid phase through one or more
filters in such a way as to keep the solid catalysts
suspended inside the reactor.

The filter(s) may be of candle-filter type

made of fritted metal or of ceramic material, the

25 filters preferably being placed vertically in the

reactor alongside the vertical cooling tubes or the

counter-baffles.



“closed circuit. A device conprising a filter outside the reactor is
“illustrated by figure No. 3. The hollow tube (g) is arranged vertically
~and is fed at its base wth the liquid phase withdrawn at the bottom of
~the 10 reactor, and the |iquid phase collected at the top of the tube is
returned to the upper part of the reactdvr. This continuous circul ation may
be brought about by a punp or else by |ocal pressure increases created by
the agitating turbines of the reactor. 15 In accordance with a preferred
device of the inventi®he féptesentmeg ahsbi per @lbiced3puttlsédel ¢he |iquid
phase after renoval of catalyst is collected in a jacket (h) placed around
t he porous hokkoWworubad andthikenaseapuefedalp)l vwepnsiisg ofner dloldawe (6)
in such a 20 way as to maintain a constant |evel of liquid phase in the
react or. ReaPPFoHSssMRelofars edniefadusiry ofumsedmicnfgterdaleactor with a
flow rate calcul ated. to gg%n ain.,a chosen value for the concentration of

[

the product 18F1id8e Whdshy , 1dgude) phager & am Jdiied TS0 125 Sone of the
reaction qution.na%'a ant a eougké be igj ctedrprqg&%§shvel into the
j acket (hy by “REY *67-"% f& A FECPT GREPIE T h&FiTH & °THé Peaction 12
sol ution may 3l:30 pessRiAked alieli gl RESRIUIA (LT 351900 AUl eaning of
phe conti nuous gaseous phase In the reactor. € gaseous reactants are
introduced 5 ¢gNtiQE Y d AtQ Wlshe Rd ¥y (ft%)gxﬁfe N MeaghQy H) WRY

tube (g) is arranged vertically and is fed at its base
with the liquid phase withdrawn at the bottom of the

10 reactor, and the liquid phase collected at the top of
the tube is returned to the upper part of the reactor.
This continuous circulation may be brought about by a
pump or else by local pressure increases created by the
agitating turbines of the reactor.

15 In accordance with a preferred device of the
invention, represented in figure No. 3, the clear
liquid phase after removal of catalyst is collected in
a jacket (h) placed around the porous hollow tube, and
then evacuated by way of a control valve (6) in such a

20 way as to maintain a constant level of liquid phase in
the reactor. Reaction solution is continuously pumped
into the reactor with a flow rate calculated to
maintain a chosen value for the concentration of the
product of the reaction, soluble in the liquid phase.

25 Some of the reaction soclution may advantageously be
injected progressively into the jacket (h) by way of

the duct 7, to unblock the filter. The reaction



“of routes 1 and 2, and those which have not reacted may be recycled by way
" of route 4. In the case of direct synthesis of hydrogen peroxide, a
selected flow rate of hydrogen is injected 10 via (1) into the liquid

- phase, below the bottomturbine .(b). A selected flow rate of oxygen
conprising a low proportion of hydrogeb2is withdrawn (4) into the

conti nuous gaseous phase in the reactor and injected into the liquid phase
via (2), below the bottomturbine 15 (b). A flow rate of fresh oxygen (5)
is injected sonlotibhemegnbdilaoobe gpsapkdseti highepressuoe tforcenpensate

for the oxygen consuned and al so to keep the conti nuous gaseous phase
out si de fl anmabtlinbpuli glegningppdsShce CONEGINRUST JesePEgs haglevdn al | ows
excess gaseous 20 reactants (3) and inert gases which are possibly present
in the freshtBRygE8ACtPEr exanple nitrogen, to be evacuated fromthe

conti nuous gaseous pha An advan agg of the device of the

h
invention 25 in the e&gﬁ;gﬁ%&?u§:§%%:%6n§ﬁoﬁ§ ac&icd HP&%%/IS that it
al | ows al ly Ofcoytlﬁtng%ggll S ;@ of RRIBIEUS (& Ctoqfntt?jlea'%teﬁc%o n%%g’ directly

arrive at the continudus gaseous ~ phase soI acti

gravi tati onal,¢f Qi¢ees BXB 'ﬁ'a' 'EENTa'%'d %%%’E'eab&h(l@fﬁfm'v%s)no@e\ﬂe%%t X e direct

synthesis of an aqueous 5 sol ‘ution of hydrogen peroxide The reactor, of
capacity 1 50Q @Ry ARSI Svay of route 4.

In the case of direct synthesis of hydrogen
peroxide, a selected flow rate of hydrogen is injecﬁed
10 wvia (1) into the liquid phase, below the bottom turbine
(b). A selected flow rate of oxygen comprising a low
proportion of hydrogen is withdrawn (4) into the
continuous gaseous phase in the reactor and injected
into the liquid phase via (2), below the bottom turbine
15 (b). A flow rate of fresh oxygen (5) is injected into
the continuous gas phase in the reactor to compensate
for the oxygen consumed and also to keep the continuous
gaseous phase outside flammability limits. A pressure
regulator (release valve) allows excess gaseous
20 reactants (3) and inert gases which are possibly
present in the fresh oxygen, for example nitrogen, to
be evacuated from the continuous gaseous phase in the
reactor.
An advantage of the device of the invention
25 in the event that stirring stops accidentally is that

it allows all of the bubbles of the gaseous reactants



~of a cylindrical vessel 200 mmin height and 98 mMmin:- dianeter. The bottom
and the lid are flat. 10 A renovabl e PTFE sl eeve of thickness 1.5 mm is
placed into the interior of the reactor. Agitation is provided by a
~vertical stainless steel axle of length 180 nm and of dianeter 8 nmm
driven by a magnetic coupling placed oi3he Iid of the 15. reactor. One,
two or three flanged turbines of external dianmeter 45 mm thickness 9 mm
(between the two flanges) provided with a suction orifice of dianeter

12. 7 mm or itentxidksaenmiatideandy it & fatattid ceonfihuvahegasfows dth 9 mMm

l ength 15 mm and thickness 1.5 mmmay be fixed to the agitating shaft at
various selmwssl sl sunder dre ackicomsof W vitrtioral  fRF@ES phase into
substantially equal volunme. The bottomturbine is_placed 32 mmfromthe 25

bottom the second t urBFPRREMENTAL SECTHN (e¥yPlesl the third 125 mm

fromthe bottom 14 Four, counter-baff]| es of height.lgo width 10 nm
and thickness 1 nm armmmwmw S e a ularly

to the ingler II.(())I;‘1 t ggact or eagd-éi@'d 1 nmfromthis wall by two

centering . g is provided by eight wvertical

tubes of dianmeter 6. 35 ADL-{EPILHe 100 AWty 1 500 cm®, consists

of a cylindrical vessel 200 mm in height and 98 mm in
diameter.

The bottom and the lid are flat.

10 A removable PTFE sleeve of thickness 1.5 mm
is placed into the interior of the reactor.

Agitation is provided by a vertical stainless
steel axle of length 180 mm and of diameter 8 mm,
driven by a magnetic coupling placed on the lid of the

15 . reactor.

One, two or three flanged turbines of
external diameter 45 mm, thickness 9 mm (between the
two flanges) provided with a suction orifice of
diameter 12.7 mm, oriented downward, and with 8 flat

20 radial vanes of width 9 mm, length 15 mm, and thickness
1.5 mm may be fixed to the agitating shaft at various
selected heights in such a way as to divide the liquid
phase into substantially equal volume.

The bottom turbine is placed 32 mm from the

25 bottom, the second turbine 78 mm from the bottom, and

the third 125 mm from the bottom.



~arranged in aring 35 nmmfromthe axis of the vessel. A stream of water at
a constant tenperature 10 flows through this coil. Hydrogen and oxygen are
injected into the 1liquid phase by nmeans.of two discrete stainless pipes
~of. diameter 1.58 mm conducting the gases to the center of the bottom
turbine. The injection of the gaseous 14 reactants into the aqueous nedi um
and that of the oxygen into the continuous gaseous phase, are controlled
with the aid of mass flow neters. In certain experinments carried out,
oxygen was replaced byFeaur mountrex-fa dikygenofnde nghht oped mm, veididus
proportions. 20 The pressure prevailing inside the reactor is kept

const ant by ¥ meheasrd vielhigknags | 1 mungaarphabacedr odnt beg bphyinsthged to
determ ne the anmounts of hydrogen, oxygen, and optionally nitrogen

consti t uti ng'e¥ee hasererdicubrrhy 2% e chareedidtbnPfhkheeact or. 15
Cat al yst preparation The catal yst used conprises. 0. 7% by wei ght , of

pal | adi um netedcH roﬁ@ﬁw%%%dmgﬂﬂﬁt B?mpTg¥?hﬁ lsB%pBW%eﬁeB eht2¥ opor ous
silica. 55It S ﬁrepared by inpregnating the silica (A drich Ref.

28, 851-9)°witH'?he following characteristics: - Average particle size =

from5 to 15 pm - BETTﬁgré§8fiﬁ§eér:héQQiHB/Es provided by eight

vertical tubes of diameter 6.35 mm and length 150 mm,
arranged in a ring 35 mm from the axis of the vessel.

A stream of water at a constant temperature

10 flows through this coil.

Hydrogen and oxygen are injected into the
liquid phase by means.of two discrete stainless pipes
of diameter 1.58 mm, conducting the gases to the center
of the bottom turbine. The injection of the gaseous

15 reactants into the aqueous medium, and that of the
oxygen into the continuous gaseous phase, are
controlled with the aid of mass flow meters. In certain
experiments carried out, oxygen was replaced by a
mixture of oxygen and nitrogen in various proportions.

20 The pressure prevailing inside the reactor is
kept constant by a release valve.

In-line gas-phase chromatography is used to
determine the amounts of hydrogen, oxygen, and
optionally nitrogen constituting the gaseous fiux being

25 discharged from the reactor.



10 - Pore volunme = 0.75 cnB/g - Average pore diameter = 60 A with an

"~ aqueous sol ution conprising Pdd 2 and H2Pt Cl6r and then drying, and
finally heat treatnment under hydrogen at 300C for 3 hours. 15 . The
-.catalyst is then suspended (10 g/1) in a solution conprising 60 ng of
NaBr, 5 ng of Br2 and 12 g of H3POQ4i the solution being heated at 40C for
5 hours, and the catalyst is then filtered, washed with dem neralized
water, and dried. 20 Aqueous reaction nmedium An aqueous solution is
prepared by adding 12 catefl \S3P4eadatiocdf NaBr, and 5 ng of Br2 to 1 000
cnB of dem neralized water. Ceneral operating specification 25 The sel ected
vol ume of aqueous reactlihen catediyeh isddtaangucees .0 % ey angiglitavef, and
then the «calculated quantity of catalyst is added. The autoclave 16 is
pressurized palilgddcm mptedy god & . B dhertadhit ovf rlatinumo the

conti nuous gaseous phase. The pressure renmains constant due to the
pressure regiuRRAEtethen MigrPIHEMUMILiFHought to the sel ected

tenperature by 5 circulating tenperatyre-controlled ter within the
bundl e of Xooling tube&t?hdg%bq %ﬁﬁ%ﬁox SR RFFTRP (A Do $Dm  and

oxygen and hy ]oge.pﬂgrlgeé.njfé:,téa:gl_aé) tvpiethseéﬁectgglﬂvpﬂlgrat es to the center

of the botto

characteristics:

- Average particle size from 5 to 15 pm

- BET surface area = 500 m?/g
10 - Pore volume = 0.75 cm®/g
- Average pore diameter = 60 A

with an aqueous solution comprising PdCl, and HzPtCleg,
and then drying, and finally heat treatment under
hydrogen at 300°C for 3 hours.

15 . The catalyst is. then suspended (10 g/1) in a
solution comprising 60 mg of NaBr, 5 mg of Bry and 12 g
of H3PO4, the solution being heated at 40°C for 5 hours,
and the catalyst is then filtered, washed with
demineralized water, and dried.

20 Aqueous reaction medium

An aqueous solution is prepared by adding
12 g of H,PO,, 58 mg of NaBr, and 5 mg of Br; to
1 000 cm® of demineralized water.

General operating specification

25 The selected volume of agueous reaction
medium is introduced into the autoclave, and then the

calculated quantity of catalyst is added. The autoclave



.10 The flow rate of, and the hydrogen content in, the gaseous m xture
com ng out of the pressure regulator are neasured. After.1 hour of
reaction, the inflow of hydrogen and oxygen into the aqueous reaction
“mediumis 15 shut down, and the injection of oxygen into the continuous
gaseous phase is nmaintained until all ofgthe hydrogen in this latter has
di sappeared. The inflow of oxygen is then shut down, and the reactor is
then depressurized, and finally the agueous sol ution of 20 hydrogen

peroxide is fgcgyekedriPagenlesaYeEednqgt Beyaaueays asaldldcerofr1 dwydr ogen
peroxi de i s wei ghed, and then separateg from the catalyst by filtration

over a MIlipate(Rhtb kher cohientessl barkose! whace .| THeh@ressyrected to 25
i odonmetric analysis, which allows the concentration of hydrogen peroxide

to be cal cul aksmdinEheoselteati duky tof thcherepstulresiregud adefr .ndtheas t he

per cent age obtained 17 when the nunber of noles of hydrogen peroxide
formed is diltioddd medile Asnbbaoughtmyiceshef sieidadgsh teopanaddireT iy
conversion rate is defined as the percentage obtained when the vol une of
hydrogen 55 €dAswhading mevnpﬁéatwwwq}a@dow% dgdhin fibduced. The
conditions of operation and the results obtained during the various
experi ments RGeS COPLING THESSabl e bel ow.

The agitation is controlled to 1 900 rpm, and
oxygen and hydrogen are injected at the selected flow
rates to the center of the bottom turbine.

10 The flow rate of, and the hydrogen content
in, the gaseous mixture coming out of the pressure
regulator are measured.

After 1 hour of reaction, the inflow of
hydrogen and oxygen into the aqueous reaction medium is

15 shut down, and the injection of oxygen into.the
continuous gaseous phase is maintained until all of the
hydrogen in this latter has disappeared. The inflow of
oxygen ‘is then shut down, and the reactor is then
depressurized, and finally the aqueous solution of

20 hydrogen peroxide is recovered.

Once recovered, the aqueous solution of
hydrogen peroxide is weighed, and then separated from
the catalyst by filtration over a Millipore® filter.

The resultant solution is then subjected to

25 iodometric analysis, which allows the concentration of
hydrogen peroxide to be calculated. The selectivity of

the synthesis is defined as the percentage obtained



'10 For exanples 2, 3, 7, 8, 9 and 14 operations are carried out with the

two bottomturbines. UV 4 NI dOa) rl1 .--1 Oma Mwr- WNMOOOT-
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The conversion rate is defined as the

percentage obtained when the volume of hydrogen
5 consumed is divided by the volume of hydrogen
introduced.

The conditions of operation and the results
obtained during the various experiments are presented
in the table below.

10 For examples 2, 3, 7, 8, ¢ and 14 operations

" are carried out with the two bottom turbines.
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NMcr U tot- @DOOvU A H.1r-144 Hri XW19 Exanples 1, 2, 3
and 4 show, for identical conditions of tenperature, pressure, and Hz2/02
ratio, that increasing the nunber of radial turbines allows the

conversion rate to be gghgasgdij ust 8s.ghf hCLEBL! Yror identical
conditions of temperature, pressure, and H;/0, ratio,
that increasing the number of radial turbines allows
the conversion rate to be increased just as efficiently
5 as by combining a number of reactors in a cascade.
This is because, if 1; denotes the conversion
rate of one level (reactor with 1 turbine), 71, denotes
the overall cohversion rate of the reactor with 2
turbines, and 13 denotes the conversion rate of the
10 reactor with 3 turbines, the rule for calculating
conversion in stirred reactors installed in a cascade

is indeed found to apply:

(1-t2) = (1-11) (1-1y) and
(1-t3) = (1-71) (1-11) (1-11)
15 Using this relationship it is possible to

extrapolate the number of turbines necessary to obtain
the high conversion rate sought by the invention.
Examples 7, 8 and 9 show, for one reactor and
identical reaction conditions, that the conversion rate
20 and the content of H;0, in the solution after 1 hour of
reaction increases markedly with the concentration of
hydrogen in the gaseous mixture introduced into the
liquid phase.
Examples 5 and 6 show that it is possible
25 with the reactor according to the invention to obtain a

conversion rate of 80% with only 3 turbines, with



5 as by conbining a nunber of reactors in a cascade. This is because, if

" T1 denotes the conversion rate of one level (reactor with 1 turbine), t2
denotes the overall conversion rate of the reactor with 2 turbines, and T3
--denotes the conversion rate of the 10 reactor with 3 turbines, the rule
for calculating conversion in stirred ggactors installed in a cascade is
i ndeed found to apply: (1-t2) = (1-t1) (1-Tl) and (1-t3) = (1-tl1) (1-T1)
(1-T1) 15 Using this relationship it is possible to extrapolate the nunber
of turbines peeagsaiyity ektebainyheobi g 6ENHEUSIpRTr Maie wOUPiledy the
invention. Exanples 7, 8 and 9 show, for one reactor and identical
reacti on condstifaibsm®tihata tieacioowersittn vate h2gh asell ¢diel cory ent of H202
in the solution after 1 hour of reaction increases narkedly with the
concentration of - hydr Bgempiast he gadeddsshowt theti usivodutbd into the

| i qui d phase. Exanples 5 and 6 show that it is possible 25 wth the reactor
accor di ng t orEREtPEVBFEPEALIRE 5Bt PR ANVEHHIOPsiLEn 1FaPesSELPE689ERI th only 3

turbines, with 2Q roductivity exceeding 100 kg of H202 per hour and per
Laerul o T OB tAdn. PyB G et b o o S BoPB0 FORES Nt EABAEhES Ot HaRk 11" Show

Lt Ut N g EBRELO RO L ERE BN s b cHEERY Lo S
{from 10% to 20%) instead of pure oxygen.
The use of air (example 12 and 13) again
gives interesting results.
10 Examples 14 and 15 also show, with a
different H,/0, ratio, that moving from 2 turbines to
3 turbines allows the hydrogen conversion rate to be
increased and the concentration of H; to be reduced in

the continuous gaseous phase in the reactor.



if use is nade of mﬁMen and nitrogen (from10%to 20%
i nstead of pure oxgm‘g\mm‘ air (exanple 12 and 13) again gives
interesting result Bxanpl &s 14 and 15 also show, with a different
-H2/ 02 ratio, that noving from2 turbines to 3 turbines allows the hydrogen
conversion rate to be increased and the concentration of H2 to be reduced
in the contWonuaLs054380us phase in the 2kactor. |it RAT/HR0G0/0131\8D
01/ 05498 21 PCT/ FROO' 01416 CLAIMS 1. A device conprising a cylindrical
vertical stirred reactor provi ded w t¢LAEMSs of injection of gaseous
reactants at the bottom wth 5 neans of gaseous discharge at the top and,
optional ly, equipped ¥ th Bodavéee baprpesshng/ ar c¥lhegdrieréhanger,
characterized in that the reactor is provided with centrifugal turbines

arranged, pre3ErEBRy PRYGFEFI FeacEPBHnravidad| ¥1ER, Eags 8& tatl ng shaft.
of the react b fSELoBePhoRRo 108 ha T RF ettt FRCAPAREPEY AR pr of erably.
pecveen 2o oy, 085} UBel "UEAharde, 0°S0E HER, 18 BoAREoAT L L ©
claimed in clghfpgea &DBhAELEREEEILLRFIBAt ahARLUEPHREE @kEnhhaBged:
characterized in that the reactor is provided with
centrifugal turbines arranged, préferably regularly,
along a single vertical agitating shaft.
10 2. The device as claimed in claim 1,
characterized in that the height of the reactor is
between 1.5 and 10 times the diameter and preferably
between 2 and 4 times the diameter.
3. The device as claimed in c¢laim 1 or 2,
15 characterized in that the turbines are radial.
4. The device as claimed in claim 3,
characterized in that the turbines are flanged.
| 5. The device as claimed in claim 4,
characterized in that the turbines have one or two
20 central openings.
6. The device as claimed in any one of
claims 1 to 5, characterized in that the number of
turbines is between 2 and 20, and preferably between 3
and 8.
25 1. The device as claimed in any one of
claims 1 to 6, characterized in that the external
diameter of the turbines is between 0.2 and 0.5 times

the diameter of the reactor.



_5. The devi ce égwéréfﬂﬂ_ i 4, characterized in that the turbines
have one or two L““ m W E“ﬂ%gs. 6. The device as clained in any one
of clains 1 to bif w Elsl z@d in that the nunber of turbines is

"between 2 and 20, and preferably between 3 and 8. 25 7. The device as
clainmed in any one of clains 1 to 6, characterized in that the external

di aneter of the turbines is between 0.2 and 0.5 tinmes the dianeter of the
reactor. Hill In Il CL M22 8. The device as clained in any one of

claims 1 to 7, characterizednendeRaket R INiGKRRSS rOfanyt R Wi nes is
between 0.07 and 0.25 tines the dianeter of the turbines. 5 9. The device

as clai ned i klaiwmsone t&f 7,Clchlafactelrd z@d charmdeiterdnzedhitieals tdfe t urbi nes
are equipped with vanes form ng helices or at an angle or arranged
radi al ly. 10thEheudines ds texiwaet 0N 00namf 24 meinkes Hhe o 9,
characterized in that, during operation, the |ower part of the reactor is
occupi ed by dilampliat pifagdie dompriinsisng suspended sol i d catal ysts and nmany
smal |  bubbl es of gaseous reactants, and the upper part is occupied by a
conti nuou® gaseous phase. The device as claimed in any one of

claims 1 to 8, characterized in that the turbines are

equipped with vanes forming helices or at an angle or

arranged radially.

10. The device as claimed in one of claims 1

10 to 9, characterized in that, during operation, the
lower part of the reactor is occupied by a liquid phase
comprisihg suspended solid catalysts and many small
bubbles of gaseous reactants, and the upper part is
occupied by a continuous gaseous phase.

15 11. The device as claimed in claim 10,
characterized in that the continuous gaseous phase
represents from 10 to 30% of the volume of the reactor
and preferably from 20 to 25%.

12. The device as claimed in claim 10 or 11,

20 characterized in that the turbines are immersed, and
preferably completely immersed, in the liquid phase
when agitation stops.

13. The device as claimed in one of claims 1

to 12, characterized in that the reactor is provided

25 with one or more filters.



.15 11. The device as clained in claim10, characteri-zed-inthat the -

conti nuous gaseous phase represents from10 to 30@6

reactor and preferably from20 to 25% 12. The devi M] ﬂj“ﬂﬁ .“ | ai m
"10 or 11, 20 characterized in that the turbines are

preferably conpletely imersed, in the bkgquid phase when agitation stops
13. The device as clainmed in'one of clains 1 to 12, characterized in that
the reactor is provided 25 with one or nore filters. CL N 11111 23 14.
The devi ce as claimed g cl ah® §3vi cehakactBinted i il the Ti1ter(s) is
inside or outside the reactor. 15. A process conprising a reaction step 5

usi ng gaseoushagactartizedn ihhehptestrCcEioked (89! i@ issRaRNdad in a liquid
phase, characterized in that the gaseous reactants reach the bottom of the

reactor of bthésdee tcheagealcioned in any of clainms 1 to 14. 16. A process
for preparing an aqueous 10 solution of hydrogen peroxide starting from
hydrogen and from oxydeén, éharacessi rompiristingt augeact imadestefp a  devi ce

as clainmed in any of clains 1 to 14.
5 using gaseous reactants in the presence of a solid

suspended in a liquid phase, characterized in that the
gaseous reactants reach the bottom of the reactor of
the device as claimed in any of claims 1 to 14.
16. A process for preparing an aqueous
10 solution of hydrogen peroxide starting from hydrogen
and from oxygen, characterized in that use is made of a

device as claimed in any of claims 1 to 14.



