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present invention relates to a process for preparing a hydr ogen per oxi de
sol ution having a hydrogen peroxi de content of not less than 2.5 % by
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However, this fpsakBe consequence that, at a |ow reaction rate, t he
hydr ogen peroxi de concentrations obtained in the effluent 40 becone too | ow
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25 mixtures outside the explosive range is geherally too qow to
ensure reasonable space-time yields. In addition, an excessively
high level of oxygen in the reaction gas can speed up the
oxidative degradation of the catalysts.

30 The selectivity of the reaction is a further problem. For
instance, the reaction to form the hydrogen peroxide has to
compete with that to form water. In addition, the catalysts which
are suitable for forming hydrogen peroxide from the elements also
catalyze the degradation reaction of hydrogen peroxide in the

35 presence of excess hydrogen in accordance with the following
reaction equation: H;0» + H, = 2H,0. This selectivity problem can
be solved by using continuous processes at high flow rates.
However, this has the consequence that, at a low reaction rate,
the hydrogen peroxide concentrations obtained in the effluent

40 pecome too low for commercial use of this process. In addition,
excessively high flow rates give rise to catalyst abrasion
problems, leading to reduced on-stream times and hence likewise
to commercial disadvantages for this process.

45
US-4,009,252 discloses an optimum ratio of O; to H; within the

range from 1.5:1 to 20:1, i.e. in the explosive range, for the
formation of hydrogen peroxide from hydrogen and oxygen over
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trickle bed reactor, nltrogen is added as an inert gas to the
reaction gas. However, this entails additional costs. The aqueous
hydrogen peroxide solutions obtained in this way only have
concentrations within the range from 3 to 5 %. The conversion

35 based on hydrogen is merely within the range of 25 - 35 %. No
data are provided about catalyst life. Reactors having a maximum
internal diameter of 30 mm are recommended because of the
considerable heat production. Industrial use would therefore
require the installation of several thousands of these tubular

4Q Yeactors, which entails high capital expenditure costs.

US-A 4,336,238 and US-A 4,336,239 describe the reaction of
hydrogen and oxygen to form hydrogen peroxide over palladium
catalysts in organic solvents or solvent mixtures in the presence
45 or absence of water. The process described makes it possible to
reduce the proportion of hydrogen in the reaction gas, but the
hydrogen peroxide concentrations of more than 2.4 % by weight
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30 for industrial use. In addition, the short reaction times do not

provide any information about catalyst life.

The use of catalyst monoliths comprising palladium as active
component is described by Kosak in Catalysis of Organic Reactions

35 (eds. Scaros and Prunier), Marcel Dekker Inc., New York 1985, p.
115 et seq., for the preparation of hydrogen peroxide from the
elements. The reaction is carried out batchwise in an aqueous
reaction medium at a comparatively high pressure of 144 bar and a
molar ratio of 0O3:H; = 4.7, i.e. in the explosive range.

40

It is an object of the present invention to provide a process for
preparing hydrogen peroxide from hydrogen and oxygen to prepare
hydrogen peroxide solutions having a content of above 2.5 % by
weight even from hydrogen-oxygen mixtures outside the explosive

45 range (0,:H;>20:1). The catalysts used shall have long on-stream
times.
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obj ect is achieved by a continuous process conprising the reaction of
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Preference is given to catalytic structures which are installed

in the reactor in the form of arranged packings and which have a

large surface area relative to the volume due to a multiplicity

30 of flow-through channels. Such structures will hereinafter be

referred to as catalyst monoliths. Suitable reactors are

described for example in EP-A 068 862, EP-A 201 614 and EP-A

448 884.

35 The catalyst monoliths or, to be more precise, the monolithic

supports are generally constructed from wovens, knits, foils,
expanded metals and/or sheets. Monolithic supports can also be
prepared by extrusion as described in US-A 4,364,888 and US-A
4,333,896. Suitable monolithic supports include structures
constructed from open-celled foams. These foams can be for
example ceramic, melamine resin or polyurethane foams.

40

Preference is given to catalyst monoliths constructed from
wovens, since they are particularly well permeated by the liquid
reaction medium in the reactor and thus permit high conversion
rates.

45
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materials, such as A1203 and/or Si 2, or from polyneric fibers, for
exanpl e poI yam de, pol yester, polyvi nél chl ori de, pol yet hyl ene,

pol ypropyl ene, polytetrafl uoroethylene fibers, or 5 carbon fibers.
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fol ded gylQu7hyat wovens arranged in such a way that adjacent |ayers
formnore or |ess cl osed channels. The hydraulic dianeter of the
channels is 30 preferably within the range from1 to 10 nm in particular
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1.5 to 3 mm (as per definition in VDI-Warmeatlas, section LEl).

These channels can be straight or curved. Preference is given to
multilayered wovens in which flat and corrugated or folded wovens
alternate. Monoliths in which the wovens are partly or wholly

35 replaced by metal sheets, knits or expanded metals can likewise
be used. Such monoliths are preferably installed in the reactor
in such a way that the channels are inclined away from the flow
direction of the reaction medium. The woven layers themselves are
preferably installed in the reactor parallel to the direction of

ag flow. If a plurality of these units are to be arranged in series,
they are preferably installed in such a way that the flow
channels are alternatingly inclined in opposite directions away
from the flow direction. The units are preferably installed in
such a way that the woven layers of two successive units form an

45 angle of preferably about 90° to each other. Wound moduli of
corrugated or folded and optionally also planar woven layers are
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first st thRecdstg fore ederpis uMashyfatrlyssopuPPYTFs haydppriwifigesnhet

conpl exes a@ktiie abirdlnamwbkidercyaBio;, ithendet&vel compphent dies tgeogralily hese
cogpl e]>c<_eg tappwg;ii é)%gﬁ:ﬁ&iﬁgﬁggdatihgg& V@éﬂ:dﬁa&éngi StdsSwhbte i gemeyaley nets,
WeDs, T1Del)q @S aPF¥hd %hirfa 4ot BENENTOBRep SPARGL L eLAn R R FUCT UT €
wi th stabl e _nabl al at. ngs, , ! p Ivel. h al
constituti ?ﬁsgglg%%%r gﬁ?’f‘égee.mT%%AC%%ﬁ%ng%r%%e%ns%lfsé'%l ??(givaes@g%éui tabl e

for prep"epr i%orporatqugg;cgramlip full by reference. Also suitable are ; t he
cat al yst msasRiLY$iks ot which mremctine Tominwgsoxide disivers and then a
coating of palladium is applied to a metal support. The oxide

layer is prepared by dipping the support into a dispersion of
active aluminum oxide and then heat-treating at elevated

35 temperature. The noble metal is then applied on top of this oxide
layer by saturating with a palladium salt solution, and activated
after drying by reduction with hydrogen at 500°C. This process is
disclosed in EP-A 075 124, likewise incorporated herein in full
by reference. DE-A 41 13 525 describes a process for coating

40 surfaces in complex geometrical structures with noble metals by,
in a first step, wetting the structures with a solution
comprising the complexes of the metals with organic ligands and
then destroying these complexes by UV irradiation. In this way it
is possible to provide nets, webs, fibers and bodies having a

45 honeycomb, spongey or porous structure with stable noble metal
coatings, irrespectively of the chemical constitution of the
surface. This coating process is likewise suitable for preparing
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t he purposes o( ﬁ I nvention can be obtained in the manner described in

EP- A 374 099 by saturati ng the catal yst support with suitable
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pretreat2s lve metal \=irfsoepois ltikewhpe caeltablehfordireprohngfthiche acti ve
conponent tathhgstslipFoEhe Simudntden. Thi s includes for exanple renoving
greases or simlar substances which inpair the desired surface adhesion,
for exanple by rinsing 45 with organic solvents such as ether, acetone or
hal ogenat e@alladiwir @odr bphionadilyc dheiprianptedri aiee |prpdesabhy rAmpaieficto
supports c&he catdlyetbeuppoiy ey BYettssliytdnt, espdriwligray acids, for

exanpl e 30 electhEﬂ@%&Zéil deposition from corresponding metal sal®

hydr ochl or ig; el b0 syt Bd GeBfibiing B8 UEL ! 1Y :2584 08 AlydrASine,

actrve co

tall
Cepoci Al 3”?26‘?&4%3@?“& e BALED: ot m&haﬁle%fmne §ifl, ©-g- NaB,0;,

formaldehyde, formic acid, boranates such as sodium borohydride,
or stabilized borane solutions such as, for example, complexes of
borane with diethyl ether, diethylamine or diethylamine [sic]
(see also A. Laus in Mater. Sci.Eng. A 146 (1991) 33,49; see also
Dechema-Tagungsbericht XXIX. Jahrestreffen deutscher Katalytiker,
Friedrichroda, Mdrz 1996, p. 66).

35

40
Here it is advisable to pretreat the catalyst support to improve

the adhesion of the active component to the support’s surface.
This includes for example removing greases or similar substances
which impair the desired surface adhesion, for example by rinsing

45 with organic solvents such as ether, acetone or halogenated
hydrocarbons, or calcining. Oxide layers on metallic supports can
also be removed by treatment with mineral acids, for example
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deposi tion. 0/ 'I4he catal yst systens of support and active

conponent / pr onot er resulting fromthe processes described can then be
activated by thermal treatment at from 200 to 900[err]C, preferably 400
to 700[err]C This thermal aftertrd&atnent can take pl ace in an

oxi di zi ng, hydseehlerisr acaduer iy lfurds prekd. Thepresulting grabeing oL she
pol yrret al | metalliy sduwnfeceathpraitesonhe ncemarddngi of tiaresplive ecompameeter r ed,

since aldsppeiarpy fior ke 634« Jrealebyrolytie dheelddurvadmeadnl yst systens
are then f'cfe%:%glt;{bﬁ.he reaction space (see above). Particular preference

_1s given ul ar reactors equi pped with cylindrical catalyst units,
since a uniformflowregine is able to formhere, which allows
parti cul ar IThegoatialyesc tsiyshemn®niff Guppo? and Beeive asdnpomens /goomertaelr] y

carri ed outredut bifg fireadede  ®esdcdbes T@8scribe@aghh OthdiE GeUAttiswitdds byat er
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stabilize the hydrogen peroxide against deconposition, the 30 reaction
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that of pgdhecfanishedsgselnst sywtempatre then déttedhirnagheureagtionacid,
phosphori c spacd ¢sed\adiovell orarticulaei prefHrenaei tls cpiveantoatualulars

general |y nefackess écﬂﬁ pé@[eitfﬂ cylifBtiddl e;ra,tamgrsi Qirﬁh:lsy wﬁaaé i the range
from 10[ er r, ;8,40 Jnédidé blel Po g i hQRe, ﬁfq.p traces of
brom de or J1or| N _Cco tratlons o) romito 1000 ppm
preferably %“ %JG’O gﬁﬁﬁl ??&a’\?é‘r P? - al so possible to use ot her

stabilizays, for exarrpl e formal dehyde 40 The reaction gas, which, as
vel | as hy%rhggﬁea@%rpﬁgsanemy caf:l_—'ié@%utc%’fﬁﬁ' S er1dyakh Qé‘e?@c%xsu‘iﬂeas

ange f romZ %%Qﬁgﬁ%’f used LAk 4 .’s°g%3 SigRabpil P debbbly [ NP,
range 5:1 t"Gter 3 “ﬁ&PFP‘&JcH eﬁ’q ﬁ‘ﬁr’éﬁ’%ﬁ mﬁﬁ"?ﬂ‘ Hlsﬁ% l?a‘?‘@feerf'r 8k 20: 1

to 50: 1.toTRE ¥xhyyaieighsdof rthenaleeheli refasably mathane: | A% (ed i n
t he reac2h enidgdstonith&ff ennabdolmilic reactidd)p@ddantlils used, it can

9 In a prigiceuieduprddionendy édighteaptefira@ay 1p te0CkeDy waidhhti,s
case, the fB%'r%&cﬁiz‘éfﬂ 'erEQFaMye% QGS%”% W%lbﬁt' ot Rtk Civddy  of the

stol chi ometfy, OL i 0e Lesekbale A GhELAPLY il ot hed 3R eiof lBitn? L 1O
To stab1 ize the h 8}03 eroilde agalnst 3écomﬁ%51tlon, the

30 reaction medium is admixed with acids whose pKa value is
preferably less than that of acetic acid, especially mineral
acids such as sulfuric acid, phosphoric acid or hydrochloric
acid. The acid concentration is generally not less than 10-4
mol/liter, preferably within the range from 10-3 to 10-!

35 mol/liter. In addition, in general, traces of bromide or chloride
are added in concentrations of from 1 to 1000 ppm, preferably 5
to 300 ppm. However, it is also possible to use other
stabilizers, for example formaldehyde.

40 The reaction gas, which, as well as hydrogen and oxygen, may

further comprise inert gases such as nitrogen or noble gases,
generally has 0;:H; ratios within the range from 2:1 to 1000:1.
Preference is given to molar ratios within the range 5:1 to
100:1, particularly preferably within the range from 20:1 to

45 50:1. The oxygen used in the reaction gas can alsoc be included in

the reaction gas in the form of air.
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produce 18Y 4608£ exp1oRebRXi g tSol uti ons having hydrogen [sic] contents above
.5 % by wei ght', preferably within the range from5 to 25 % by wei ght.

The concentration can be preselected as desired by adjusting the nass
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catalyst layers 3. At the upper end of the reactor, a two- phase react or

ef f| uent 13piSqf § gpgﬁéﬁowaﬁase %'bgf%siﬁﬁé”@é duc¥SHRE gL%-.T.he gas

Al G
t,

welg preferably within the range from 5 to 25 % by weight. The
concentration can be preselected as desired by adjusting the mass
flows. The selectivity of hydrogen peroxide formation is always

35 above 65 %, preferably = 75 %. Long-term studies have shown that
catalyst activity and selectivity decrease little, if at all, in
the course of a 40-day run.

Figure 1 shows by way of example a reactor system featuring an

40 upright reactor 1, which has hydrogen feed points 2 arranged
intermediate of a plurality of layers 3 of woven catalyst
monolith. A pump 4 supplies methanol and/or water. A connection
line 5 supplies oxygen and a gas-liquid disperser, for example a
mixing jet 6, disperses it in the form of bubbles in a

45 circulating liquid 7. The same mixing jet 6 - or a separate
mixing jet, if desired - supplies a stream 8 of hydrogen. Further
quantities 2 of hydrogen are supplied under quantity control via
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13 or, reac Is not very tall, preferably directly. A stream 14
of the gas is fed V|a a pressure container 15 into the off-gas line 16
tolimt the build-up of inerts. The_liquid is cooled with cooling water
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11 I1. Preparation of hydrogen peroxide The reaction vessel used is a

270 m autocl ave equi pped with stirrer, ther statin ressure
mai nt enancé. C‘?J?F“tgl"i‘lgg E‘?%t'ittad’é’l &vElat et §PUPYSE I?Sng%‘f*t%terﬁae Z égﬁ’npl was
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suppl i ed wothed iampdi doabell gas foymt decysltindrécal Tiomoldéabt Hrembdint beight

and 5 cm in diameter. The ends of the nets were fixed by spot

welding. The net plane spacing of the flat nets was not less than

1 mm.

30

The monolithic support was treated in succession with acetone and
distilled water and then dried. Thereafter the monolith was
treated with a solution of 25 % by weight of concentrated
hydrochloric acid and 75 % by weight of distilled water at 60°C
for 30 minutes and rinsed off with distilled water. The monolith
thus treated was introduced into 150 ml of distilled water. After
the addition of 10 drops of concentrated HNO3; and 36 ml of a 1 %
strength by weight aqueous solution of hypophosphorous acid,

20 ml of a palladium nitrate solution having a palladium
concentration of 1 % by weight were added. This was followed by
heating to 60°C for 17 minutes and then to 80°C for one hour. This
was followed by cooling, and the catalyst monolith was washed
with distilled water and dried at 120°C for 16 hours.

35

40

45



i s equi ppeo F\'A(n)/tqf? ]é]éd | ines for oxygen, hydrogen and the reaction medi um

The reactor lid is equipped wwth a take-off line from 10 which the
product/gas m xture is continuously renoved. After deduction of the
volunmes for all internals, the effecllive_ reaction volune avail abl e was
208 ni. 1L Beepgration offhydregen iRewodd® um consi sted of met hanol adm xed
with 0.4 % by wei ght of sulfuric acid, 0.1 % by wei ght of phosphoric acid
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concent r atredttibndvéiune \wwiagbible was BEgampule 3 40 A catalyst monolith
was prepared from V4A net with a palladium coating simlarly to . This
shape was then hydrogenated with hydrogen at 70[err]C and 50 bar, treated
wi t h nmeggairAnpdeH202 sol ution 45 at 20[err]C and dried with nitrogen. The
cat al yst shape was then installed in the autocl ave of | The reaction

l.
roactor aiine thacsi®) Radlin! cbls AP RE deciaife, sl Skl BF Y 7, 1

e
. 8
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peroxi de sgdddtion MB&ium,%nBY6WeIWHE oxygelx@®ls€541/h of hydrogen
(gases based on standard conditions) was then passed through the
reactor. The product/gas mixture was continuously removed at the
reactor lid.

25

The conversion based on hydrogen was 76 % (as per determination
of the hydrogen content of the off-gas) coupled with a
selectivity of 82 %. The concentration of the resulting
methanolic hydrogen peroxide solution was 7 $ by weight

30 (titration with 0.1 N KMnO,).

Example 2

35 Example 1 was run for 100 hours. In total, 2.9 kg of hydrogen
peroxide were obtained in the form of a methanolic solution
having a concentration of 4 % by weight.

Example 3
40

A catalyst monolith was prepared from V4A net with a palladium
coating similarly to I. This shape was then hydrogenated with
hydrogen at 70°C and 50 bar, treated with methanolic H;0; solution
at 20°C and dried with nitrogen. The catalyst shape was then
installed in the autoclave of II. The reaction was carried out
similarly to Example 1: The flow rate through the reactor at
42.2°C was 214.5 g/h for the reaction medium, 145.8 1/h for oxygen

45
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The sane catal yst as in Exanple 3 was used. The reaction paranmeters were

as follows: 214.5 g/h of reaction nedium 145.8 10 1/h of oxygen, 6.1 1 of
hydrogen, T = 52[err]C. The conversion_based on H2 was 90 % coupl ed
with a selectivity of 68 % The cofr@entration of the resulti ng hydr ogen
per oxi de scng@ ilér2whéh forp hydepggn dihgheconverggdopxhaged an Hy wasgifd $ane

cat al yst ascaupledawjptie &3 ssdectdeiky Bfe 75eqctThen condentwationasf weteer adm xed
with 0.4 %dutnaeblht WidrdehUptforided soulidh kiks 7 ¥ebBReightphosphoric
acid and 6 ppmof bromde (in the formof 20 sodium brom de). The reaction

~paraneters were as follows: 268.0 g/ h of reaction nmedium 291.6 1/h of
oxygen, 32.ek&hplieot hydrogen, T = 42[err]C. The conversi on based on

hydr ogen was obt ai ned by determ ning the hydrogen in the off-gas and was
found to be 43 % coupled with a selectivity of 70 % The concentration
of the 25 rEsgmagcataltrfeaspir BHIP1e0P 3D MsREs The IRASFLIRRI ght . 30
35 40 parame4Brs were as follows: 214.5 g/h of reaction mefi3um, 145 8cl ai m

10 1/h of oxygen, 6.1 1 of hydrogen, T = 52°C. The conversion based
on Hy was 90 %, coupled with a selectivity of 68 %. The
concentration of the resulting hydrogen peroxide solution was
2.7 % by weight.

15 Example 5

The same catalyst as in Example 3 was used. The reaction medium
was water admixed with 0.4 % by weight of sulfuric acid, 0.1 % by
weight of phosphoric acid and 6 ppm of bromide (in the form of
sodium bromide). The reaction parameters were as follows: 268.0
g/h of reaction medium, 291.6 1/h of oxygen, 32.4 1/h of
hydrogen, T = 42°C. The conversion based on hydrogen was obtained
by determining the hydrogen in the off-gas and was found to be

43 % coupled with a selectivity of 70 %. The concentration of the
resulting hydrogen peroxide solution was 5.6 % by weight.
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1. A process for preparing a hydrogen peroxi de sol ution havi n

hydr ogen peroxi de content of not |less than 2.5 % by

continuous reaction of hydrogen and ogﬁgen over a Camﬁm“mn“““m“‘“‘
conprising palladiumas active comnmpon whi ch conpri ges¢10" perfor m ng
the reaction in water and/or a CJerr]-(err]-al kanol as re- action
medi um over a catal ytic structure. 2. A process as clained in claim
1, wherei n Whel@dmal ytic struc- ture is an ordered catal ytic packing
(rmonolith). 15 3. A process as clainmed in claiml or 2, wherein the
_catal ytic structure is constructed froma woven. 20 4. A process
as clalrred n claima3, erein the woven | C.woven.

5 A broceks b HHOGERR (Lo BrApeBind 1o RYAERah P TeRifRssoTuRE RAVIN 2 {he
active conponertYduegendeeraxsdeoapytentt lofdnam Iras &hss 4-25 by weighthdy

nobl e nmetal as qomuintiens reacti6n of\ prdroges arsd dxyigendover & @iatabystwvher ei n
the nmolar rati dMprising pd¥aladadinuss tébtﬁ&ren@&@od@httql whﬁcl’Wci&ﬂlelL'@@ range
from 1001 to perform}:n&othe?‘(}eactfgn 1r{°‘w§$:9£ea°r§i/%§‘ 9 é‘{ ;Eﬁoaif'argla'a@ Jl.se 6,

wherein t e proy | 6] Lnum lum 1ri1dium
copper, silver rch"&on medlu“b Svgr @ %ataq'yélc rT{]PL aﬁc@?é as clainmed in any of

t he precedi ng clainms, wherein t he oxygen Is used in the formof air.
9. A process as ;ﬁoa'eaedaé re1aelf i N aAME T P hrHreGnat A, caiRRHB dbruc- the
mol ar ratio of Qxﬁ{ 1% '&Eeéfdefea EQ@aryéibggﬁckEn@%\éﬁo%%&). 10. A
process g§ clainmed in any of clains to 3, wherein the re- action
gas is recycled. 45 0050/ 47411 14
11. A proceds a5 promesedas claiaed i, claier @i or the wiekain ridtd cadblytic

02: H2 in the resticRugasis colisthstdderopngewdvean 20: 1 to 50: 1.

20 4- A process as claimed in claim 3, wherein the woven is a me-
tallic woven.

5. A process as claimed in any of the preceding claims, wherein
the active component includes not only palladium but also a
25 further noble metal as promoter.

6. A process as claimed in claim 5, wherein the molar ratio of
palladium to promoter metal is within the range from 100:1 to

1:10.
30

7. A process as claimed in claim 5 or 6, wherein the promoter is
selected from platinum, rhodium, iridium, copper, silver and
gold.

35
8. A process as claimed in any of the preceding claims, wherein

the oxygen is used in the form of air.

9. A process as claimed in any of the preceding claims, wherein
40 the molar ratio of 0Oj:H; in the off-gas is above 20:1.

10. A process as claimed in any of claims 1 to 8, wherein the re-~
action gas is recycled.
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12. A procg$§°£§7éllg’i med in any of the preceding clai Mmm ' t he
reaction is carried out at a tenperature within the r '"IH[,I”H’!I
O[err]Cto 80[err]C. 10 13. A process as clained in anycothHb pr egedi ng
cl ainms, wherein the reaction i¥%carried out at a pressure within the
range 11.f Popracesso as001ldamed in claim IA,pwberssn dhecmaltardradtioany of
t he precedi ng obsijiEin vhermicycle gas tikewi€hin ithe radge nfoen20i: $eso wat er,
net hanol or a ®®thanol - wat er m xture. 15. A process as cl ai ned
in any of the preceding clains, wherein t he reaction nmedi um further
_conprises. an acid having a pKa 20 bel ow t hat of acetic acid. 25
30 12. A ppocess ag5claimed in any of the preceding claims, wherein

the reaction is carried out at a temperature within the range

from 0°C to 80°C.

13. A process as claimed in any of the preceding claims, wherein
the reaction is carried out at a pressure within the range
from 10 to 100 bar.

10

l4. A process as claimed in any of the preceding claims, wherein
15 the reaction medium comprises water, methanol or a methanol-
water mixture.

15. A process as claimed in any of the preceding claims, wherein
the reaction medium further comprises an acid having a pKj
20 below that of acetic acid.
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