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WO 2005/108285 PCT1EP2005/003933 Process for the direct synthesis
of hydrogen peroxide Description The invention relates to apé%&eps%g%o”m
Eff%?ation of an organic or agueous-organic hydrogen peroxﬁe ®
solution by direct synthesis from a gaseous mixture containing hydrogen

and oxygen, in the presence of a noble metal catalyst, it being possible

for S@gﬁg@%@%%ri&grg@ﬂn asieinless steat raaetpbMiAogbroxide

corrosion occurring on the reactor material. It is known to prepare
hydrogen peroxide by direct synthesis from gaseous mixtures containing

hydregen-and,oxygen by reacting the gaseous mixture on a noble metal
catalyst in the presence of a liquid aqueous, aqueous- organic or organic
reaction medium. The organic or aqueous-organic hydrogen peroxide
sohsionsobtainatle byl diedirdc synthesisgrecdssrarghef inteppstigs-ion of

oxidizing agents for vtic. oxddation of organic ComPOUNGs. A1y e
p%blgrrr%ﬁftﬁﬁe% ireéc s%ﬁ%esis of hydrorgl§n per%ygidg}'gis the fact that."{tlhelc}11
nobledivetst catlysisiased hBveana uFRaRRE TR A SRR RS 1Y

catahyic-decomposition; of hydrogenpesexde to-water andeaynenudhis:
unwanted activity of the catalyst can be.inhibited by addin%a sufficient

cBAGEIERON of 2 ARt aBld St S Falfd oS te lidihd Féattion mediuff= >+ <

Heweven becadse of tesneed 4d addzacicband-haliderin order t@ achieve

a high h¥dro en_peroxide sel ctivi% t elliqu@ reaction medium becomes
reing on the eac%qf SLE %a . :

sftG élly cofrosive towards metallic materia S, particularly stainless steel.

To be able to dissipate the high heat of reaction when WO 2005/108285-

-3¢ 2RCTURR2005/003933. carmyipg.aut the 1eaction @o the industial

Sg;ggéggis froﬁ gaseous mixtures containing hydrogen and
oxygeﬁ by reacting the gaseous mixture on a noble metal
Jcatalyst in the presence of a ligquid agueous, agueous-
organic or organic reaction medium. The organic or
agueous-organic hydrogen peroxidersolutions obtainable by
the direct synthesis process are of interest as oxidizing

agents for the catalytic oxidation of organic compounds.

A problem with the direct synthesis of hydrogen peroxide
is the fact that the noble metal catalysts used have an
unwanted catalytic activity in the catalytic decomposition
of hydrogen percxide to water and oxygen. This unwanted
activity of the catalyst can be inhibited by adding a
sufficient concentration of a strong acid and & halide to
the liquid reaction medium. However, because of the need
to add acid and halide in order to achieve a high hydrogen
peroxide selectivity, the ligquid reaction medium becomes
strongly corrosive towards nmetallic materials,

particularly stainless steel,

Te be able to dissipate the high heat of reaction when



desirable to use a reactor made of a metallic material. However,

corrosion of the reactor material by the reaction medium gives rise to
WYY BYtRems, especially if the direct synthesis is carried G&G{TAEP2005/003933

elevated pressure, which is desirable for achieving a high space-time

yield. Furthermore, metal ions dissolved out of the reactor material by

corgsionalso have apadvesse effiacton thes stabilityof the hydiogen 4+ ;¢
peroxide solutions prepared, and cause unwanted secondary reactions

wheRTHEBofRiohs dt&cuded fRGXidat S Feaction?. FREprotientgrerial.
corfosigeress due tothesimutarieousepreisenceat acitkdnthhalide iansact ion

In thedeaglion padiunds Kaown fom ER0, 18 S10A0EEA ] I i
747. In both"these documents, it is proposed to carry out the reaction in
thePprelencE BT Ep&iaPcataly<l& - FhicAthe Hobfe- $refar s apsiRe e
ca&aﬂml lSUQQOEﬁ@QmETiLBJDQ m_gf@hﬂl&v&kﬂ@wmﬁfw%%@em _rla_eogt;]e_@ld.
catalyst , supports makes it possible to lower the acid cangentration in the
reac%%ﬁhrﬁép lam, it is s |ﬁ%ﬁe%%l§§ar%§/ S’Sac\é\fidvf 0 Cgﬁkpﬁ% g%—?BF:f?laocrd%zf"to
inHisitteldec o oSBT sHictivity bt thetausle anc i vatadyst e€d dwt ligmid the

reagtign Mmixture semains soiesivenBecause: ofdhe gorosive RFeReHIESs and
EP-P_ 0978 316 therefore uses autoclaves which_are either made of the

paftietiarly "ESFOSiGH-rESR ATy HRIEE OFHTR miade BF Siamfsss avre
steekadd have:aiglass itserttoctontaia.the liquid reaction medium. When
carrying out the direct synthesis on the industrial scale, the use of highly
corrosion-resistant alloys such as Hastelloy C or of reactor inserts or

reattst CORRGS MaHe HIRER TTRRASR, fitexaf e 448sl bTRECws
arepkagwidfeor the statepidhe art Meursaensiderable exilation medium is

known from EP-A 0 78 316 and EP-A 1 344 747. In both
these documents, it is proposed to carry out the reaction
in the presence of special catalysts in which the noble

" metzal 1s applied to a catalyst support containing acid
groups. Although the use of the proposed catalyst
supports makes it possibkle to lower the acid concentration
in the reaction medium, it i1s still necessary to add 3 o
34 ppm of HBr in order to inhibit the decomposition
activity of the noble metal catalyskt, so the licguid
reaction mixture remains corrosive. Because of the
corrosive propertieg, ERP-A 0 2978 216 therefore uses
autoclaves which are either made of the particularly
corrogion-resistant alloy Hasgtelloy C or are made of
stainless steel and have a glass insert to conitain the

licuid reaction medium.

When carrying out the direct synthesig on the industrial
gscale, the use of highly corrosgsion-resistant alloys such
as Hastelloy C or of reactor inserts or reactor coatings
made of inert materials, for example glass or PTFE, as are

known: Irom the gtate of the art, incurg congiderable exira



WO 2005/108285 PCT/EP2005/003933 3 expenditure and high costs in

WOthe mianufacture of the reactors and hence makes the processf 2005063933
GhecoRomic. There is therefore a need for a process for the dirdee’es

synthesis of hydrogen peroxide in the presence of the concentration of
acid and halide that is necessary to achieve a high hydrogen peroxide

selgativity, ihb@in@rQDSBihjﬁlfocSﬁi:Ch pracessdorheearded@uking reageior
made of a comg‘nehma avaq{able ‘gntnlnless steel material without

DFosIt 1S KRBWA From BEATERAS 7701887 18

corfosion 6ectrfing on he Yeactor.
ciahmyxmﬁmhre direvesynthesisinznvetmnofioreddtiendnediom contaiming.s of

é/ 6.0f sulfuric.acid, 9.1 wi.% %@@éﬂ@%ﬂ%@c'&@%&m&mm of
brom| e

in the form of sodium bromide, and to use a shaped body mad

CRVAUA Steel ?Féb}clé%%a*fétﬁ\?vltﬁspé}%‘aﬁﬁﬁ%@fa% Ry SE ﬁé&hse
tﬁ%&éﬁg@ﬁebé@%@l@e@og@%wﬁmﬁe@hcp@llg@lyﬂg the ¥4fsteelror said

fabric used as the catal lyst s pgort is,not in direct contact with the
JBFrOSRRTeRRtON nﬁ’ﬁu?el e ddcuriert ek Providea%e R4cking as to
hewwnthercardsion ef stdinless stest Dnidirest eartatt with e sdrresivacut
reaction mixture can be avo glg tQQ -A 198 57 137 describes the direct

10 OCCUX L LLIL
syn%heS|s of]hy rogen peroxiae in a met%anof“c reaction medium

containing 0.3 wt.% of sulfuric acid, 0.03 wt.% of phosphoric acid and 5

ppm otbiomide infhe-fasm of sogium Premide. JThereactignds canied;Qut. .

in a V4A steel autoclave gperated as a continuous stirred tank. The
ABBHRRRS SO pdtafe A CASEWHR 3 Gas Stimsi 40 dis e s frgting
gaseous mixgiredn IR iquid aeactionomediup. sFar 2 gonsiictien ofdhbisd and

type, he adtqclave.has 1 cqntain.a,gas cushio: . bromide, and to use
a shaped body made of V4A steel fabric coated with
palladium metal as the catalyst. Because the V4A steel
fabric is coated with metallic palliadium, the V4A steel
fabric used as the catalyst support is not in direct
contact with the corrosive reaction mixture. The document
thus provides no teaching as to how the corrosion of
étainless steel on direct contact with the coxrogive

reaction mixture can be avoided.

DE-~A 198 57 137 describes the direct synthesis of hydrogen
peroxide in a methanolic reaction medium containing

0.3 wt.% of sulfuric acid, 0.03 wt.% of phosphoric acid
and 5 ppm of bromide in the form of sodium bromide. The
reaction 1s carried ocut in a V4A steel autoclave operated
as a continuous stirred tank. The autoclave is operated
in this caze with a gas stirrer to disperse the gaseous
mixture in the liguid reaction medium. For a construction
of this type, the autoclave has to contain a gas cushion
in the reglion of the cover so that the gas stirrer can
suck in gas and distribute 1t in the reaction mixture.

The document does not disclese the period of time over



in the region of the cover so that the gas stirrer can suck in gas and

distribute it in the reaction mixture. The document does not disclose the
WoeTtER 0t the over WO 2005/108285 - 4 pCT/EP2005/003988 THRRAT(HE933

direct synthesis was carried out in the V4A stirred autoclave described.

The document also does not disclose whether and to what extent

corasion qecurredhQn- theJeagtion vesael and hovetheyeaction can hgy z
conducted _so as to avoid corrosi(_zs%}?lo the reactign vessel. WO 03/082458

de§CriBesH prutasRY thediredt iesid B} HYATOGET befokithe oSS not
whitlethiecgasedustthixturerahdcthevigbideretetion mediamiare passedratd on

high, velogity thraugh, a.tubular.rgagtar %@a&aggfe%efpt% RNase doRs. ¢ eq

not form in the reactor. As materials suitable for the reactor, the
do&Gmaht AReritiBAs HupRKEREEsS Stebhe mavrtd PREN fEfiber of
more than 34. Said duplex stainless steels have a substantially higher

chigmigy 5ad molybdenum gontent than commercially axaieble o os
austenitic stainless st“ee(fg and aré tﬁelrecfore alSo substantially moré
expénsivéapddas orzelily ailablél Betatbe of e plesersary high flow the

velogiy. 0f 1. 2=1és QEMofedhenPEeGess-Aaschbed im WE Q3/982458 als0- ougn

requires, particularly long and hence expensive reactors. Thus, for

exampl 4 presE G eattoF With'a Te figth G ThErEtHaR® 288677 ia&sy TPt
Exdmpte 1roftNE @3/082458. It hasrmowebeéer. found theib thre disectzhe

synihesis of hydroagn perexide frgm M%Se&&gfé%ﬂg_@a%%% 0Nt cers

hydrogen and oxygen, in the presence of a liquid reaction medium

comaliAg ot artalfongadid *earr b rcarfied ctiiia FEREBT
maglezaf-commeraialhi avaitable staimless:steekwithouticarOsIthromium and

\‘I’V;‘%g/é% fingon e reactor material if the feaction I5 carred UL NSUCH.8.ni eic
stainless steels and are therefore also substantially more
expensive and less readily available. Because of the
necessary high flow velocity of 1.2 m/s or more, the
process described in WO 03/082458 zlso reguires
particularly long and hence expensive reactors. Thus, for
example, a pressurse reactor with a length of more than

2000 m is used in Examplie 1 of WO (03/082458.

It has now been found that the direct synthesis of
hydrogen peroxide from a gaseous mixture containing
hydrogen and oxygen, in the presence of a liguid reaction
medium containing bromide and a strong acid, can be
carried out in a reactor made of commercially available
stainless steel without corrosion cccurring on the reactor
material if the reaction 1s carried out in such a way
that, during the reaction, the surface of the stainless
steel is at no point in permanent contact with the gaseous
mixture passing through the reactor. The posgibility of
avoiding corresion of the stainless steel reactor material

by limiting the contact time between the reactor material



that, during the reaction, the surface of the stainless steel is at no point in
WOhrlpatEft contact with the gaseous mixture passing througREAERABIHHE3933

The possibility of avoiding corrosion of the stainless steel reactor material

by limiting the contact time between the reactor material WO 2005/108285

--P 'Ir;:/gPZOOSIOOBQSS,S and the gaseous rg}ijxﬁture assing throucgEh the,
8 tor 8 S s IpTiEmy o those sKillET Th- the-art and £8tid ot be=ac=or 18
anticipatedifrgmithe stateof the aft b cavse;lim the istatadf thenarf, ihwashe

amaé’fﬁ%‘%e@ ‘;El,?&%ofr{]?l%i.‘jgéét@“é%d%éh%f&”ﬁ%‘é’%&gg@ medium.
and wil aﬁvayq occur If the liquid reaction medium is in contact with the
stifless steetlla afir5t adpeciaherd ISPIEvidEgd @ rocessfor tiigrrosion is

Prepasalion,of am arganic gragueaus arganichydiagen, Pepexide selition

by direct synthesis, wherein a non- explosive gaseQus mixture containing
h§rogEn End- Sk gehTard & fiGabTeactineBiunt comtafififatieadt th the
oRe awateeseluble:erganic solvent, a bromide and/or iodide in a

concentration of 10-6 to 10-2 mol/kg and a strong acid in a concentration

of 0.0001 to 0.5 mol/kg, are passed over a fixed bed arranged in the

rdacter ndsconrsisting of tsepportedcataliseparticles oF ssmixture iof

calplyst confaining and calaystiree partices.al anblemetdl At
charatterized in that the reaction is carried out in a stainless steel reactor

am T HGthE e HCHOML thY SGFAEE Bf Hie:5fafriess stebbist Mo ehTin

p%f%f@é‘{{?@”@&&W@ﬁst%i&%ﬁﬁ%lsdﬁ%%%@@ﬁéjnﬂy‘ﬁ&ﬁé’?@r&h%ﬁ%%%gen,
a

The present disclosure also provides a process for the catalytic oxidation
of Bt oRyaht st fronP the Giotip cOmprisihg of&irst ardifatic one
hygkecarbens thatcameatyi ¢ solvent, & bromide and/or iodide in

a concentration of 107° to 107° mol/kg and a strong acid in

a concentration of 0.0001 to 0.5 mol/ky, are passed over a
fixed bed arranged in the reactor and consisting of

supported catalyst particles or a mixture of catalyst-
containing and catalyst-~free particles of & noble metal catalyst, characterized in
that the reaction is carried out in a stainless steel
reactor and, during the reaction, the surface of the
gtainless steel is at no point in permanent contact with

the gaseous mixture passing through the reactor.

The present disclosure alsoc provides a process for the catalytic
oxidation of an organic substrate from the group
comprising olefins, aromatic hydrocarbons that can carry
substituents from the group comprising alkyl, alkoxy and
hydrowyl, and carbonyl compounds, with an organic or

- agueocus-organic hydrogen peroxide solution, in the
presence of an oxidation catalyst from the group
comprising titanium silicalites and vanadium, molvbdenum
and/or tungsten compounds, whereln the orxganlc or agueous-—
organic hydrogen percxide solution used has besen obtainesd

by the above-mentioned direct synthesis process according



substituents from the group comprising alkyl, alkoxy and hydroxyl, and
Vaen it Eémpounds, with an organic or aqueous-organic hySHoOgEPR0G5/003933

peroxide solution, in the presence of an oXidation catalyst from the group

comprising titanium silicalites and vanadium, molybdenum and/or

tungsten compounds, wherein @georganic or aqueous- organic hydrogen

peroxide Sollii6n Used naS been obtained by the above-mentioned direct

synthesis process according WO 2005/108285- -- PCTJEP2005/003933

6 tq the present disclosure. In the process accarding o the present . caseous

disclosure, a gaseous mixture containing hydrogen and oxygen, and a

liquie- FedEGorr RTERum ‘comtaiding % Brorfifde 4riad Srong2eich arezuid
passedovesa fixedt hed eteatalystastainless:steel deacter beingrused s,
and tpe liquid r%actiggrmedi}lfl:rtn ggir}gegagg,:edcta@[%q g%he reac{g‘orj,injsuch e
a W%S‘/e%hau fiesurface of the SamI&ss staal is At fc point ifi pser%ﬁh"é%?s steel
contaetonith the taSevgsiriafe passingamblghthe réactomeddibe reing
permanent contactijs upderstaad-hete as meaning thatthe surface ofthe: .o
stainless steel is not wetted by the liquid reaction medium for a prolonged '
periot oftiné ~ButisTA Hirdet Eontait With e §asphask. RERG POt -ofontact
the w8acior Heeg the=surface: si-thesstainlessrateelhremain whwetted bydhe

liquid medium for longer than 30 minutes. The surface of the stainless

steel preferably remains unwetted by the liquid medium for no longer than

30 SERoNES arftl PAFCAIATE preferabiy For AG IOHYE? MidiP sdesifl. 3A theaning
mostipreferred embediments thenliquie seattion: medidm is passedyerrad by
through the reactor in such a way, that the surface of the stainless steel js
contmoushFWwetted B the ydif reatlionthediubt St &vgty Per2od of time,

but is in direct contact with the gas phase. At no point
of the rsactor does the surliace of the stainless steel
remain unwetted by the liguid medium for lengsr than 30
minutes, The surface of the stainless steel preferably
ramaing unwetted by the ligquid medium for no longer than
30 seconds and particularly preferably for no longer than
l.second.. In the most preferred embodiment, thse liguid
reaction medium is passed through the reactor in such a
way that the surfaces of the stainless steel is
continucusly wetted by the liguid reaction medium at every

point.

The procesg according to the invention is preferably
carried out in such a way that the reactor is flooded with
the liguid reaction medium, and the gaseous mixture is
ilstributed in the form of gas bubbles in the liguid
raacition medium contained in ths rsactor. The reactor is
constructed and operated =0 that gas cushions, in which
+he gaseous mixture is in permanent contact with the

=

reactor wall oy with stainiess steel reactor fittings, do

0

not form in the resctor. An example of gsuch an asmbodiment



point. The process according to the invention is preferably carried out in
such a way that the reactor is flooded with the liquid reaction medium,

WO ZNa & taseous mixture is distributed ig the form of gas bubblEEIARE33
liquid reaction medium contained in the reactor. The reactor is
constructed and operated so that gas cushions, in which the gaseous

Mmixture s in permagent.contact with the regctorwall Qryuth sfainless.« 5 on in
steel reactor fittings, do not form in the reactor. An example of such an

embediicnt WE2B05/ THE2 85- T PE HER2BOS 08533 UaBlHiding %o
the dRveion:iste carmyouhthefeaction in arbubble eelumpsihe ligtidhe
reaction medium and t%e %%[aseggs mixture being fed into theé)ottonkg%rt 0
SR BuBBIE EBluAA Nt the OrGANE or RqueSUESHTaNTE Midroged™y 098
pesexidesolutiwnupreparaol; tggetieet, withhgaitgaetedgas; beingwithdrhvwras
3% the ighes) polnof the RuRDIS, e, reaciar. The RUBDISCAMID o1
reactor in this case contains a fixed bed of supported catalyst particles or
amictbre of CBbuydrdohtainifig Bid tatalystifrde particlesstheafitingsntains
thathald she fixed bed gf satalyst inthe- 16actorheing designed sa thatature
no point does a gas cushion form which is jn permanent contact with the
r@%%@woww%ﬂﬂ%ea%ﬁ@ﬂ&xﬁ Glterrfftiveehtbodntignt, £
the prascess accetding leitheninvehtied casdlsarbe gaaied-out ima thickle

bed regctor in,whic sui.tablg C?e\slié:egfél ugecthgt t@oentge Leactor waagjs
AFATS TemARS Wetted By the TigUd reaction mediurh. Preferably, for this
poopdse;at feast partiofithe Kquid eactien avediwmitéa iHto thefeattor is
sprayed nto the; top-epd of thereagtor in. such.a way;that theentire inner

Tn an alternative embodiment, the process according to the
invention can also be carried out in a trickle bed reactor
in which suitable devices ensure that the entire reactor
wall always remains wetted by the liquid reaction medium.
Preferably, for this purpose, at least part of the liguid
reaction medium fed into the reactor is sprayed into the
top end of the reactor in such a way that the entire inner
wall of the reactor is wetted by sprayed reactilon medium

running down said wall.

Tn terms of the invention, stainless steel is understood
as meaning any metallic material which has iron as the
main constituént and also has a chromium content in the
range from 16.5 to 19 wt.%, a nickel content in the range

from 10.5 to 15 wt.% and a molybdenum content of up to

i

wt.%. Those skilled in the art are familiar with such
stainless steels as'materials for chemical reactors, Ifor
example under the DIN material references 1.4401, 1.4404,
1.4406, 1.4429, 1.4541 and 1.4571 and the AISI material
references 316, 316%L, 316N and 316Ti.



wall of the reactor is wetted by sprayed reaction medium running down

said wall. in terms of the invention, stainless steel is understood as
YHEAMAGPAMY metallic material which has jon as the main coMSHERMPHIIO33

also has a chromium content in the range from 16.5 to 19 wt.%, a nickel

content in the range from 10.5 to 15 wt.% and a molybdenum content of

up 1o, 4% Fhose skilleddp dhe artaredamiligryith such stajpless - -
steels}as materials for chemical reactars, for example under the DI

mat&ral FBfefenEe H201hT 4405 1 4468 CEAGBOMEABUT Pl gmable of
and.ilmsAlSlimateriad fefelenges 3163365816 -and IO TEAN i rect

205/305285 : PCT/ER2005/003933 Jn e procsss acoorging 0 e o

invention, the organic solvents used in the liquid feaction medium-are
capAiTEF CiSSOIviRY the R 8§ ET BERIXIde feriveash thadireéechols
synibesisgngdthesvates forpaed asdiyisnrodugleSaidh DFgapicEoINeNs Ak
preferably ketgnes and.alcohols_having up to 6 carbon atoms, especiall

b T b0k e DA HCu S braTaTad SONAHRS Tor Ty ok e >t
diréétoxidathtaremetiziot, ethantiehhsmpanoladtirebutanehropanol and

especialiymethanal, As fegardsibenise of the hydrogen peroxide solution
as an oxidizing agent for the oxidation of organic compounds, it is

advantageous, where possible, for the water content of the organic
solgentrtedserKeptiow. Adwantagevuslyy thesyeatepeantentief thelagbmic as an

megdiui is, limited to ma %, ly 10 wt.9 Paal{.i ular ie
e e e o Lo o 2 TBCHae:
wt.96 |RATRICHEIR BTG aniSSIFe MCARE optonallyivater thetiRjuigontent of

reactien sredim-used fasihe eirest syapesis@ls0 advantageously, the
water content of the corganic medium is limited to max.
20 wt.%, preferably 10 wt.%. Particularly preferably, the
solvent used is methancl with a water content of 2 to
10 wt.%.

In addition teo organic solvent and optionally water, the
liguid reaction medium used for the direct synthesis also
containg a strong acid and a halide in an amount that is
appropriate for inhibiting the decomposition of hydrogen
peroxide on the ncble metal catalyst during the direct

gynthegis.

In terms of the invention, strong acids are any acids with
a pKy of less than 3 and preferably a pE, of less than 2.
Mineral acids, such as sulfuric acid, pheosphoric acid and
nitric acid, are particularly suitable. Sulfonic acids
and phegphonic acids that are scluble in the medium can
alzo be used. The acid concentration in the organic or
agqueous-organic liguid medium ranges from 0.0001 to

0.5 mol/kg, preferably from 0.001 to 0.2 mol/kg and
particularly preferably from 0.01 to 0.1 mol/kg. TIf the



contains a strong acid and a halide in an amount that is appropriate for

inhibiting the decomposition of hydrogen peroxide on the noble metal
Wocstan8tttiring the direct- synthesis. In tegms of the invention?StEHGHeE?

are any acids with a pKa of less than 3 and preferably a pKa of less than

2. Mineral acids, such as sulfuric acid, phosphoric acid and nitric acid,

e particuladysufigble, Sulfanicacids end pResaaenic ACkisINatale: oo s on
soluble in the medium can also be used. The acid concentration in the

orJarieBr -stedds Bigarfic H§lidheduRFERGes o .00 1e o the

el kgmpreferahlydromr:001 -8 Z=motky-ard crartieulady preferablyn i eved
from 0.01 to 0,1 mot/kg. If the WO 2005/10828,,) PCT/EP2005/003933 9
atf EBHEGRt a0 e abdteThe Hiimed 18Rde, corfd&n B te liquid

phase ean visoiaccer & it iphelbarthedclaimed. rangef thenkydraberquent use
pg&o@%ees%efg%?e@g%ee@&isd%or Iﬁ{p&gn%rr%g%c.ient. Lower acid
concentratlo}]s aré preferred In view of the subsequent use of the

hydrogen peroxide solution formed. The halides used are bromide and

iogide pyefesably Juamide.oThe liguid reaction medium containg.the 1

halide in a concentration ranging from 10-6 to 10-2 mol/kg,, prefgrabl )

fRFRPTe-B%0 10T8 folikg et pAIEGHAAY HEferably M A6t ohplide
mol/kg. i the:balide: copaentratipmis abpye theclaimedi@igedhelq,

stability of tqe hydro en ergxide solution prepared js reduced:; jf it js
b@fo%véﬁéaéf aitn e)éd%r%rgg‘é ,{%he h@dic?gen%g%&%%e as%#ecﬁﬁ‘/ﬁé %%Hiie% é s
nptradllyae lopgersufficient. doower halide-coregntratignsake prefersd in

view of the subsequent use of the hydr %e,n p%{oxide solution formed., _ ,
concentration is above the claimed range, the stability of
the hydrogen peroxide solution prepared is reduced; if it
is below the claimed range, the hydrogen peroxide
selectivity achieved is normally no longer sufficient.
Lower halide concentrations are preferred in view of the
subseguent use of the hydrogen peroxide solution formed.
The halide can be added to the reaction medium in the form
of an alkali metal or alkaline earth metal salt,
preferably NaBr or NaI. The halide can also be added in

the form of the hydrchalic acid, for example HBr or HI.

The ligquid reaction medium is preferasbly fed inteo the
reactor at z rate such that the cross-sectional loading by
the liquid phase in the reactor ranges from 0.3 to

200 m/h, based on the unlcaded cross section of the
reactor. The cross-sectional loading ranges preferably
from 0.3 to 20 m?h and particularly preferably from 1 to
10 m/h. In the preferred range of cross-sectional
loading, hydrogen peroxide solutions with a hydrogen
peroxide content of 4 to 12 wt.% can be prepared, a high
hydrogen peroxide selectivity, a high space-time yield and

a long catalyst life being achieved at the same time.



The halide can be added to the reaction medium in the form of an alkali
metal or alkaline earth metal salt, preferably NaBr or Nal. The halide can

WQ 2854 %4 ded in" the form of the hydrohalic acid, for exampl® HEFgPI{03933

The liquid reaction medium is preferably fed into the reactor at a rate
such that the cross-sectional loading by the liquid phase in the reactor

ranges #eppeS:ite:200 mith thasaderthesunloaded £resssectionof thedarogen
-reactgr. The cross-sectional Ioadincg ranggs refeéa from 0.3 to 20.m/h

bl
andr Sarficigm préférabl§ oM 150 10 m/h-i the:‘“f){r%?e &8 r&Tge-6fAne
crogsesectional ading, divelsegers petdydde Solations ithsa hydrtogea is not

peraxide coptent ofgdol.wh o can: be prepared.a !J%M&m%epne

peroxide selectivity, a high space-time yield and a_long catalyst life being

b chieuEa HTHeSane ol WO SUSIEOSEES S350 PREEP2H05I00 0T
Thetcompbsitien b e gasedushixiteseantainihg hydwgehoapd DxygeRen
thatis pagseshuer the,edbed contaiginathe saiaistis dhiosen.so el
the gaseous mixture is not explosive. The gaseous mixiure used IS

préferatiy BheCwRicH ralabfy falts butias #fe eRBIBSBATIAIY, aviehr aFeh.
therselventipadiah pressyEe that flevelops-s 4aken JARGEOUNE 1imited to
Advantagéaoug%/, %hergaa ous mixture also5 con?ir;/s one or more iner. b
gaIsng“%{, ‘prefevra [y it aen.af Re drr%%}éh Sontent 6f the gnas%%htéjrﬁ’l‘i g, the
is naied temmarné 90 kos; prefetalily snax. 5-vol2oviil pérticulBrsthexygen

hydragen cordentrangesdeom 3 t: - vohe The oxygen contentofthe . .-

gaseous mixture can be stoichiometric or hyperstoichiometric and
prétRETI FAHGEs-REmTa fo BEYRYE ety SRS th VA Yot Phe
hydrbgen:. asd axygenaxe preferably f6d irto 4be veadcter sepaatelydddhgsn

Oxygen g be Introduged eIber N PWEJOtM. Of . v opctor separately.
The oxygen can be introduced sither in pure form, or in
the form of air, or in the form of oxyvgen-enriched air.
The residual gas obtained at the outlet of the reactor can
be wholly or partially recvecled into the reactor in order

to reduce the cost of recovering unreacted hydrogen.

The process according to the inventicon can be carried cutb
uging any catalvsts known from the state of the art for
the direct synthesis of hydrogen peroxide and containing
one or more noble metals, in the form of a fixed bed.
Examples of suitable catalysts are known from

EP-2 1 160 196 or US 6,168,775, It is also possible to
use other commercially avallable noble metal catalysts,
for example 3% Pd Degussa 105XR/W dried.

The catalytically active component of the catalyst
contains one or more noble metals in pure form or in the
form of alleoys. Preferred noble metals are the platinum
metals, especially palladium and platinum, as well as

gold. ZElements from the group comprising Rh, Ru, Ir, Cu



the form of air, or in the form of oxygen-enriched air. The residual gas
obtained at the outlet of the reactor can be wholly or partially recycled into

WOHYYLEERY inofder to reduce the cost gfyecovering unreactediBROGEN3933
The process according to the invention can be carried out using any
catalysts known from the state of the art for the direct synthesis of

hydrogen peroxide and.contaiping, one asmare nNoble metals. in the form

of a fixed bed. Examples of suitable catalysts are known fiom EP-A 1 160
198568 B 16875 Ris" s 6 PhESBIe B? udd ofeF Eummieally at least
gaaiéa@ﬁ%wbielg@m:ac@mlystmﬁmew%e ﬁa%; Pd l@%lﬁﬁ_étlﬁ%ﬁ/v\és well
ried, The catalytically active camponent of the catalyst contains pne or
nfidrethdble Eeté’l%?r%’ pa]rge ?r%%or%ﬁ%é’ “otm of afloy&" P?ei%%reﬁ%‘ﬁ% 1
negtatsyared the platmUbrymaetals; especially palladium and platinum, as
well as gold. Elements from the group comprising Rh, Ru, Ir, Cu WO
2005/108285 -- PCT/EP2005/003933 11 and Ag can also be present.
PHifcflai pretéfe § SatalysRIdo&in s CHRIgHdaa aetivevalstd. the

least -30- Wt 24 g paliadium.and 0 taR@ wi% of platinym asyvell: as g1«

20 wt.% of gold and/or O to 5 wt.% of silver in alloyed or unalloyed form.
THE Ctd§étsHh B el 1HSupForted Or SHPPETESH, We AatterBEIRG
prefeereta Thecatabytically activegebilea metal{s) Cahde preseatalil the
surface of a support. material.and/or be,arranged as particles uniformly
S e s R iR e
are particulate materials such as powders, extrudates, granules or other

shaped bodies: farmed:from & pulkerylent matedal. Itis peferable 19..n a5
powderg, extrudates, granules or other shaped bodies
formed from a pulverulent material. It is preferable to
uee oxide-based or silicate-based support materials,
especially aluminium oxide, silica, titanium dioxide,
zirconium dioxide and zeclites. An alternative
pogsibility is to use carbon-based supports, f£ér example

activated carbon supnports.

It is possible to mix the catalytically active component,
pregent in very finely divided form, with a pulverulent
support material, plasticize and shape the mixture and
congclidate the sghaped bodies by calecination. According
to one alternative, it 1s also possible to impregnate an
already prefabricated, shaped support with a suspension
containing the very finely divided, catalytically active
component to give a so-called ghell catalyst. When the
catalytically active material is applied onto or into the
suppeort material, known binders, such as water glass,
calcium oxalate, boric acid and other glass-forming
compositions, can also be present. The application of the
catalytically active material to a support material is

conventionally followed by a calcination step at 300 to



use oxide-based or silicate-based support materials, especially aluminium
oxide, silica, titanium dioxide, zirconium dioxide and zeolites. An .
%’ﬂ#gﬂ%&possibiﬁw is to use carbon-based supports, for eXamffe?!/003933
activated carbon supports. it is possible to mix the catalytically active
component, present in very finely divided form, with a pulverulent support
material, plasticize,and shape the mixfure cansolidate the shape
boaﬁﬁag t!;y' ca c%n%?%%yb\c%%%ir%:gaect%idﬁye!ﬁtgeﬁrggtivaec, ‘tft"j”l-gealss’cﬂﬁzL ngg?é)e%o
impreghilsan dercadylprefisricied siibetsupporewith aisuspehsidre
co the,veny finely divided, catalytically.active .camponantte give a
so-called shell catalyst. When the catalytically active material is applied
onfPS ANt a%éﬁpﬁ‘ﬁ?ﬁé&%r?ﬁﬁ%@\?\m giﬁ&ﬁrr%‘fﬁgcp?%slwgfé%%%%?mn’
calcuihr bxatateyrbarictacd simdngthetglass-forming compositions, can
also be present. The application of the catalytically active material to a
support material is conventionally followed by a calcination step at 300 to
WEPB0BHIB 285 BET/EPFG05/003933 606 FihdNgSthesatiRizali thin
actveisuppoesteds catalysiscanialso-peiobtanedyHgpregnation of e 10 mm.
su%ort WitQ;;_an solr%goré cgggaigingc% %ngguré% ﬂthe catalgticall a,ctivet ,
metals. followed by ﬁ{ydjfogenaﬁon, calcination and v%%ﬁi‘ﬁg Stas. T =+ Ve
sizeat the particlastinithedied bad sad varytwithinewide: idits apell Ly active
espreiallyindbejange from Ol 19,10 mm. MhBen yising mixtgres gf, . »
catalytically active and inactive particles, it is also possible to use .
catiRRit Ay &&ive parficiés withts SizEYahginy e GE5T6 6 Enthor: 1E
smaliparticte sizedeads 4o adatger presswe drbg; ifatalyvtically active

surface area decreaseg. Particle gizes ranging from 0.1

to 5 mm, especially from 0.1 to 2 mm and particularly

preferably from 0.1 to 0.5 mm lead to high productivities.

Ag regards pressure and temperature, the reaction
conditions correspond to those known from the siate of the

art. Thus the reaction temperature generally ranges from
0 te %0°C, the preferred temperature range being from 20 to
B0°C. The pressure generally ranges from atmospheric
presgsure or a =lightly reduced pressure to about 10 MPa.

The reaction is preferably carried out at a pregsure

ranging from 0.5 to § MPa.

Particularly advantageously, {he process agcording to the
inventlon can be integrated into an overall process for
the oxidation of an organic substrate with hydrogen
percxide. Accordingly, a process has been found for ths
catalytic oxidation of an organic substrate from the group
comprising clefins, aromatic hydrocarbong which can carry
ona or more substituents from the group comprising alkyl,

alkoxy and hydroxyl groups, and carbenyl compounds, with



the particle size is too large, the catalytically active surface area

decreases. Particle sizes ranging from 0.1 to 5 mm, especialy] 15: N
Wozz?%ﬁ%{gﬁ%bparticularly preferably from 01k to 0.5 mm lead to éfg /8@0%3}0}8933

productivities. As regards pressure and temperature, the reaction
conditions correspond to those known from the state of the art. Thus the

r%@pt@ﬁgtsmp@r@ty?aa@?ﬁaay é&@ﬁﬁif@m%ai@Qgﬁ, ﬁ@:@&@i@ﬁ@e%latim
temperature range being from 20 to p0C, The pressure generally ranges
PRSI RH e Sbr s GF TGy rauGon prodbere o ARG cactor

MPerEhe redetiomig préferataip cairied out ataspressureh rarigiay froem
0103 MPa. %%t'ﬁ%'ﬁxﬁxa%8g50%%¥1 @sxpfg%%sso%m%%ngé%{ ess
invention cah be integrated into an overall process for the oxidation of an

oFfaRd sabSFateWith MRIFEgER Yerotaec Atcardingly: 2epraeesshas mixture
bgen found for the, patalytic pxidation-of ameeganic substatedR e 1ace in

group comprising olefins, aromatic hydrocarbqns which can carry one or

nidtE SBSFERAR fromthe Yo COmPriSMbikT = alkoR ahdhy 63
geaifsy apd:carhonyh composnds,oxith W@ 2608/108285 vanadium,
PCTIEP2005/003933 13 an organic or agueous-organic hydrogen .

pgﬁpojsé’ eé%lﬂ{?or? npngEEre%“%l irect s%ﬁﬁ%%%n%% st%%?e@sérs%gg re%%to%?e
wheesinndaring the reabﬁ@fimpmpbi@&ﬁQLWOgéﬁnqoaogi@te;at wopeintate
does the sufage, of the siainless steelqame intg permansat.entact it

the gaseous mixture passing through the reactor. The oxidation takes

plaRe t qﬁéﬁéyem%ﬁ%%ﬁa%w%@s?%ﬁ%% rbBp PEHREASAG

titgpiwe silicaliles apdnihenvanadivas snelybdenum @ndiorduagstetention
compounds, preferablg in the, presence (g a titanium silitialite* The ogrg%anic
Saﬁﬂaﬁgferably carriad oult with a methanclic hydrodgen

percoxide solution containing 2 to 12 wt.% of water.

The oxidation process according to the invention is
distinguished by an improved selectivity of the oxidation
reaction and a long life of the oxidation catalyst,
especially if a titanium silicalite is used as the
catalyst, since interfering transition metal ions enter
the oxidation process in only trace amounts because
corrogion is avoided in the preparation of the hydrogen

peroxide solution.

The invention is illustrated by the Examples and

Comparative Examples which follow.

Examples:

Example 1

Direct synthesis in a stainless steel bubble column

reactor

The direct synthesis was carried out in a bubble column



is preferably an olefin oxidized to the epoxide and particularly preferably
propene oxidized to propylene oxide. The oxidation process according to

wiheowyartieon is preferably carried out with a methanolic hydggaeper2005/003933
peroxide solution containing 2 to 12 wt.9%%f water. The oxidation process
according to the invention is distinguished by an improved selectivity of
the oxidation reaction and_a long, life of the oxidation catalyst, especiall

1 & BT SRARES (o AE T LaES S ERbe TBHERNG ranshion] with

metal ibnsemnier] tkid axidation pfotessin enly tractamaeints because. The
corrQsion i 19%1 e brepal iog%{tgghé(ggggﬁp eroxide solution.
Th%%%\t?gr?t?o?\é/i% il ustqua%gd by%the%gxarﬁples and Compaﬁaﬁc\% xgm%e?g

whYeH Fsew? E-aipies & Bxdple TDireetsyminésis Pd staifledsstediure of

bubhlezagluns 1egctaeThe ditgst synthesisiwas saried autdna Bbblecies.
column .2005/108285, 14 PCT/EP2l005/OO3933 reactor ?1 of V4A
1

stagijﬁf‘é%swé edi{miaterial T-A57 T With “an intrnal drameter of 16 mm-and & =%

lerigih ©f 48 cWeTke HeaRfr Cdnaiped EP ey bé@ oPBathRist With’@ Bulk The
volume-of ahout-8Q Ml Ehe catalyshusad was anmhdure:ofmeatalytically e

active metal particles and inert particles. Catalytically active particles

conSitinG of BB SR PAANT 83 tFRAURERF STEPared ARRRdLBTSKREBE

199:k2- 733 cEhe dneddnaterial ysed was gragular.aphecziueirium oxdecre
from Ceramtech AG with the reference "Stemalox spr articles, fired, 0

- % firm 8896 R1 20T Bo ATt Btol TS ST €6, LhirCifo PRARILes by
remoeedfrom tiggraretes bynely divided metallic catalyst powder

was mixed with the oxidic support powder. The P4 content
of the mixture of catalyst particles and inert particles

was 0.25 wt.%.

The reactor was operated as a flooded bubble columm
reactor with the gas and licquid flowing in cocurrent, at a

pregsure of 5 MPa (50 bar} and a reaction temperature of

25°C, The licquid reaction medium used was methanol
containing 0.0002 moel/l of sodium bromide and 0.01 mol/l
of sulfuric acid. The liguld reaction medium was fed into
the bottom end of the reactor at 120 ml/h. The flow
velocity of the ligulid and the reactor cross section
produced a liquid cross-sectional loading of 0.6 m/h.

230 N1/h of a gaseocus mixture consisting of 3 vol.% of
hydrogen, 20 vol.% of oxygen and 77 vol.% of nitrogen were
simultaneocusly fed into the bottom end of the reactor.
The reaction product, together with unreacted gas, was
withdrawn from the top end of the reactor in such a way

that ne gas cushion formed inside the reactor.

After 24 h the H; conversion was 65%. The Hy0; selectivity
based on the converted H, was 74%. The Hz0: concentration

at the end of the reactor was 5.2 wkt.%. The palladium



sieving. The very finely divided metallic catalyst powder was mixed with
the oxidic support powder. The Pd content of the mixture of catalyst

wo Parielessand inert particles was 0.25 wt.%. The reactor was epgisias 883933

a flooded bubble column reactor with tA& gas and liquid flowing in
cocurrent, at a pressure of 5 MPa (50 bar) and a reaction temperature of
25C. The liquid reaction medium used was methanol containing 0.0002
mebkhfsotitin Jpremsdeldnd 0 § 1HrmlA gofeslifuric acid. The liquid reaction
medium was fed into the bottom end of the reactor at 120 ml/h. The flow
velocity of the liquid and the reactor cross section produced a liquid

tfbes sbbtorraticadifg B0 Bad/h23000rh 604 daseddemibearetion was

consisting of 3valida of ydregen, 29 vale pEexygeD and£7:vek%gf-

nitrogen were simultaneously fed into the bottom end of the reactor. The
(GREHOF pRIURE, t6GEBFRAth UNrBALEH GES, wal wfthdranmiromdAe 1d be
tepand aftheeactonmtsuah avay that he gascushipnierned insite

thggg%%tgr. After 24 h the H2 conversion was 65%. The H202 selectivity
Baged oh the converted H2 was 74%. The H202 concentration at the end

of the reactor was 5.2 wt.%. The palladium WO 2005/108285 is

RGI/ERZ005/Q03933, praductivisy was 14,1 g H202/g Pd-h. When the

experiment had run“for 600 h, the reaction was stopped and the reactor
WAE BRiptiSHHREES R aihBd For 8B 4ibAYofthé T mafstiar a6 tor

corrosion could be found in the reaction zone or in the top part of the
reactor. Example 2 (Com araéive ExamplegtDirect S nthei;in agl;ﬁastelloy
X Bodl rERGIOF TREARTHIE 1ES Tepeated SRceptingia Pacidioy C4
(material 2.4610) trickle bed reactor of the same
dimensions was used, the ligquid reaction medium and the

gaseous mixture being fed into the top end of the reactor.

After 24 h the Hy, conversion was 69%. The H;0; selectivity
based on the converted H, was 70%. The H;0, concentration

at the end of the reactor was 5.09 wt.%. The palladium

productivity was 13.7 g Hz0./g Pd-h.

After the experiment had run for 500 h, the reaction was
stopped and the reactor was emptied and examined for
corrosion of the reactor material. In the top part of the
reactor, pronounced pitting corrosion was detectable in
thogse areas which had been in permanent contact with the

gag phase.

Corrosion tesgsts with reaction mixtures from the direct

gynthesis

The corrosion tests were carried out on 60 x 20 mm V4A
stainless steel (material 1.4571) or Hastelloy C4
(materizl 2.4610) test pleces with a central TﬁG weld
seam, which had been pickled with a mixture of HF and HNO3



(material 2.4610) trickle bed reactor of the same dimensions was used,

the liquid reaction medium and the gaseous mixture being fed into the top
wenn@ftihwegeactor. After 24 h the H2 conversion was 69%. Terh29Rs/003933

selectivity based on the converted H2 wh8 70%. The H202 concentration

at the end of the reactor was 5.09 wt.%. The palladium productivity was

13.7 g H202/g Pd-h. After the experiment had run for 500 h, the reaction

Wa}ge%@f)‘ﬁeﬁ PR EREHHWas emptied and examined for corrosion of

the reactor material. In the top part of the reactor, pronounced pitting

corrgsionwas, detectable in those areas which had been in permanent

xama,}yé ? . . . .

contact with the gas phase. Corrosion tests with reaction mixtures from

the direct synthesis The corrosion tests were carried out on 60 x 20 mm

V4, stainless steel (magerial 1 457 bor Hasieloy, G4, (nateyial 2.4610) pieces

test pieces with a central TIG weld seam, which had been pickled with a

miktEFE of PRRaRF FIND 3 IS 2909/ 10828%P &3 P 20057083933 fils 1n &

befase the experiments: foamples:rea clasedwappaiatssl 22 n2besthe

weighed test pieces were campletely mmersed (o) or ballmmersed (), ang

in & méthanolic reactiori mixture from the dirétt synthésis Whic

cofitafeeb2 ol vdt H28R, 0.5002misliuf NaBrimel ©:000%:hol/| dfter 14

H29Q4; themixtiue being stirgd Aftetdd Aayshe testpiesas W8 mined
removed and visually examined for corrosion, They were then cleaned

with0 P8 PRGE andTemaigiedinoider o Gatermine ik &fdsibr ftByo:
duentd cosrosigmebhe resuttderf the cogosioniteststée ercsion rates due

to corrosion. The results of the corrosion tests are
collated in Table 1. Pitting corrosion was only observed
on those parts of the test pieces which had been in
permanent contact with the gas phase forming above the

reaction mixture.
Table 1

Corrosion after 14 days with 0.0002 mel/l of NaBr and
0.0005 mol/l of H:80,

Material |Test* |Visually detectable |Erosion | Erosion
corrosion g/dm? mm/a

1.4871 c none G.015 <0.001

1.4571 h isolated pitting 0.025 0.001
down to 40 um

2.4610 h extensive pitting 0.005 <{,001
down to 10 - 15 um

* ¢ = test pieces ilmmersed, h = test pieces half immersed
Example 4
Example 3 was repeated with a methanolic reaction mixture

from the direct synthesis which contained 3.63 wt.% of
.04, 0.001 mol/l of NaBr and 0.005 mol/l of HS0;. The



collated in Table 1. Pitting corrosion was only observed on those parts of
the test pieces which had been in permanent contact with the gas phase
woaeingabove the reaction mixture. Table 1 Corrosion aff[er]i&mdyjya:m;;
0.0002 mol/1 of NaBr and 0.0005 mot/Ldf H2SO4 Material Test* Visually
detectable Erosion Erosion corrosion g/d.m2 mm/a 1.4571 c none 0.015
<0.001 1.4571 hisolated pitting 0.025 0.001 down to 40 m 2.4610 h
ex@arisive. pittiry TE08 OO dbvrf tR10 7 185w S cantestphrasdyed. The
impersed. b 7 teslpieces-hal inmersad; Bxample Hxameple3 wagie 2.

repeated with a methanolic reaction mixture from the direct synthesis

WHIER LBRtefEd 8 B3 0155t P20¥, 670RAIGH JtNABINE Roas Mk the

of &¥2S Q4 o tlae WD 200518285y PR THePROOR/N03%3% testpiegesh the

were reg}%/ed flfﬁgﬁ 4 daya %ndee%%rginiegagggog?srgllt_s gf ':[thg corrosion

t9&R detofated'in TabIE 2, ‘f’ltting corrosion was onff/ observed on those

parts of the test pieces which had been in permanent contact with the
forming above the reaction mixture. Table 2 Corrosion after 7

days with 0.001 mol/l of NaBr and 0.005 mol/l of H2SO4 Material Test*

Visually detectable Erosion Erosion corrosion g/d.m2 mm/a 1.4571 c

nene®9106:£0:001 .45 threxiensiveopitting 4237 0.006 NaBr and
0.005 mol/1 of H;S504

Materiael |Test¥ |Visually detectable | BErosion Trosion
corrosion g/d-m? me/ &

1.4571 c none 0.010 <0.001

1.4571 h extensive pitting 0.125 0.006
downn to 70 pm

* ¢ = test pleces immersed, h = tLest pieces half immersed



down to 70 pm * ¢ = test pieces immersed, h = test pieces half immersed

WO 2005/108285 PCT/EP2005/003933 18 Claims 1., Process for the
WIS of an organic or aqueous- orggnic hydrogen perd%idié-SitgH

by direct synthesis, wherein a non-explosive gaseous mixture containing

hydrogen and oxygen, and a liquid reaction medium containing at least

ong-watet-soluble organic solvent, a bromide and/or iodide in a

concentration of 10-6 to 10-2 mol/kg and a strong acid in a concentration

of 0.0001 to 0.5 mol/kg, are passed over a fixed bed arranged in the

redactor ardoeensistingroftsupportacecatalystparfickes arayanixture:0faqueous-

catalyst-qoniaining spoatalystiies, paricies, ol nobis pelal catalyst

characterized in thatt e réaction is carried out in a stain gss %ﬁaee? '“rleactor
and, durifg & pedction i Siiface SOReSERINESY Stedh Reatifo PoirtiTe
permanepbeeRtast Mithhhe-gasenusHaixbrepassingthreuah the: reasiy¥et 1 on

2. Procesrgead(i%%d@gég qgir% 1, _ctgatpecteril:zed in tha%;t}he_li(%gid rﬁaction .
medium 15 PHsSEd OVar The fivsd bed With a CFoSs-Sacfional foading of 023 1¢
to 20 m/recprefevablyeofirmriGenn 8/ Processiabeolding to Glaiantmri2 on

characterized ifrthag the;reagtor jg.gperated asa bubblg coimn and the

liquid reaction medium is passed through the reactor from bottom to top

in such aSPRy At TR HeHcdr dbelHot cofitdin 2 CEhef&st g pnass sed
Process aseardmgib:-ane afClaimsrig=s ¢hardcterizesdn shatthe

(Ngamcsggggig§§g55%%_supported catalyst particles or a
mixture of catalyst-containing and catalyst-free
particles of a noble metal catalyst, characterized in
that the reaction is carried out in a stainless steel
reactor and, during the reaction, the surface of the
stainless steel is at no point in permanant contact

with the gaseous mixturs passing through the reactor.

2. Process according to Claim 1, characterized in that
the liguid reaction medium is passed over the fixed
bed with & cross-~sectional loading of 0.3 to 20 m/h,

preferably of 1 to 10 m/h.

3. Procegs according to Claim 1 or 2, charascterized in
that the reactor is operated as a bubble column and
the liquid reaction medium is passed through the
reactor from bottom to top in such a way that the

reactor does not contain a coherent gas phase.

4. Process according to ones of Clasims 1 to 3,
characterized in that the organic golvent uzged ig an
alcohol from the group comprising methanol, ethancl,
n-propanol and n-butanocl, preferably methancl.

5. Process for the catalytic oxidation of an organic



alcohol from the group comprising methanol, ethanol, n-propanol and
n-butanol, preferably methanol. 5. Process for the catalytic oxidation of an
WO gpgEHISAO 2005/108285 PCT/EP20051Q03933 19 substrafé-famie/v03933
group comprising olefins, aromatic hydrocarbons which can carry
substituents from the group comprising alkyl, alkoxy and hydroxyl, and

carbonyl compounds, with an organic or aqueous: ot anic? drogen .
peroxidg%%%g%ﬁfn‘ in thé %Irﬁes“é%%geggip A oxidation cai a%/s? r)ér%lt%% ’gr%ﬁﬁmatlc
comprisingititarsicnncsileatites @n doean agiurmymailybdendmearitforf rom the

tungsten compounds,,charagiedaed in that I06,0593Ri8 @ droxyl, and

aqueous-organic hydrogen peroxide solution used, especially the
alcoholiE#yRRSHEh PErBRaEeefition de - haS HeRR dhtahed By 1S~

processageording tg,one oiClams 1 164. 8R0cess aceerdingdolaiance
5, characterized in tfgiat an olefin is ind%eg to ant%poxide in thegresenc‘e
of a titafanPEHiCAte & tHE c&taRRTT Procedt according 1o clamre, -5 119

characterizedinthatstheiglefin fspropedevanadium, molybdenum and/or
tungsten compounds, characterized in that the organic
or agueous-organic hydrogen peroxide solution used,
especially the alcoholic hydrogen peroxide sclution
used, has been obtained by a process according to one

of Claims 1 to 4.

5. Process according to Claim 5, characterized in that
an olefin is oxidized to an epoxide in the presence

of a titanium gilicalite as the catalyst.

\
7. Process according to Claim 6, characterized in that

the olefin is propene.



