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1 Process for the production of hydrogen peroxide The invention is

directed towards a process for producing hydrogen peroxide by reacting
hydrogen and oxygen in the 5 presence of a noble metal catalyst in a
liquid reaction medium, the reaction being performed in the presence of a
sulfuric acid alkyl ester, and towards solutions of hydrogen peroxide in
methanol obtainable by this process and their use for the epoxidation of
olefins. 10 The production of hydrogen peroxide by direct synthesis from
gas mixtBrscssrgaifing jdgropaednd vkggerfhhydacenthegpsxide
mixture in the presence of a liquid agueous, agueous-organic or organic
reaction medium on a 15 noble metal catalyst, is known. The hydrogen
peroxide solutions obtainable by the direct synthesis process are of
interest as oxidising, agents for the catalytic oxidation of organic

COHipSuEE 2600 thé dietE&ftAedis 6F hYGrogeRTRroside fie Producing
tmdesiredn catalytic labtivity of trecricble nietdikcatalystsgsetkingdhe in the
%@W@%@@@@%%@Bﬁ)@rﬁ%ﬁ P%@‘tﬁ%ﬁ&%\ﬁ’a&eﬂ _3@‘_3'19&’199& repeesents,

a Crjo.blem. EQ!,;S t%ndes%reg C tal)h/%t actévn%/o%an lc)ie |.nrt1| %ed %2/ addln%J a .

S ronlgugéid ahd & 25 halide 0% egﬁqaldr reaction medidmSn %easoee% ate s @
concbatiaioA ewevdy the addition Bt Acidoaii Aalioke thatisneedéd to
ehtainoa bighokydreges peroxide raelectivity makesdhe ligyidieastionocess

miegium hiahly, corpsive o mefallie;materials. in pasticylar o stainless 30
steel. Furthermore, if the ydroéJen peroxide solution is

The production of hydrogen peroxide by direct synthesis
from gas mixtures containing hydrogen and oxygen, by
reacting the gas mixture in the presence of z liquid
agueous, agueous-organic or crganic reaction medium on a
noble metal catalyst, is known. The hydrogen peroxide
solutions obtainable by the direct synthesis process are of
interest as oxidising agents for the catalytic oxidation of

organic compounds.

In the direct synthesis of hydrogen peroxide, the undesired
catalytic activity of the nobkle metal catalysts used in the
catalytic breakdown of hydrogen peroxide to water and
oxygen represents a problem. This undesired catalyst
activity can be inhibited by adding a strong acid and a
halide to the liquid reaction medium in an adequate
concentration. However, the addition of acid and halide
that is needed to obtain a high hydrogen peroxide
selectivity makes the liguid reaction medium highly
corrosive to metallic materials, in particular to stainless
steel. Furthermore, if the hydrogen peroxide solution is
used as an oxidising agent for the catalytic oxidation of
organic compounds, the content of acid in particular leads

to undesired secondary reactions and consecutive reactions.
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used as an oxidising agent for the catalytic oxidation of organic
compounds, the content of acid in particular leads to undesired
secondary reactions and consecutive reactions. 2 One approach to
solving the problem is the use of strong£y acid catalyst supports, such as
acid and superacid metal oxides, known from EP 504 741, activated
carbon with sulfonic acid groups, known from EP 978 316, or ion 5

xchange resins with acid groups, known from EP 1 344 747. Hawever
B R e S e e (e ahon ey
fidatvantage’that fitieC pESauchibi 'of Aydrivged perdxideire eatafystetal
dgapithysloses anuch obits Eatalytic activity.z10-Thereds therefare also-a
qeed ot improved pracesses far, the diregt sypthosis ahfyydrogen
peroxide, which ensure a_high selectivity of hydrogen eroxide formation
SRith" ToREtantly High Eatalyst acfivifyevantwithStt the addftion 15 ofHtld 747 -
Harwatteanly iow aeidnearcentrations. s Sargrisingly ithasnove béer founidy s t

dhatin.the direct synthesis.ofhydragen: Reroxide-on,a noble-metalcatalyst
in the (P{gs%nc/gfof}fls |11;%I’IC@%CId ggta}éysé 2 ngher aCtIVité 20 and S%{gctl\/ﬂt ~
Eor the’ catéﬁ’yst for hy%groggn pePodeDe formation can be dbtaidéd withgut <=
nheleatalyst I6sing tactivity th tetproesss. In the presence of a sulfuric

acid alkyl ester a high selectivity of hydrogen peroxide formation can be
achieved even with a reduced amount of 25 acid or without the addition of

acid. Therefore in a first aspect, there is provided a process
There i1s therefore alsc a need for improved processes for

the direct synthesis of hydrogen peroxide, which ensure a
high selectivity of hydrogen peroxide formation with
constantly high catalyst activity even without the addition

of acid or -with only low acid concentrations.

Surprisingly it has now bszen found that in the direct
synthesis of hydrogen percxide on a noble metal catalyst in
the presence c¢f a sulfuric acid catalyst a higher activity
and selectivity of the catalyst for hydrogen peroxide
formation can be obtalned without the catalyst losing
activity in the process. In the presence of a sulfuric acid
alkyl ester a high selectivity of hyvdrogen peroxide
formation can be achieved even with a reduced amount of

acid or without the additicon of acid.

Therefore in a first aspect, there is provided a process
for producing hydrogen percoxide by reacting hydrogen and
oxygen in the presence of a noble metal catalyst in a
liguid reaction medium, wherein the reaction is performed

in the presence of a sulfuric acid alkyl ester.
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for producing hydrogen peroxide by reacting hydrogen and oxygen in the
presence of a noble metal catalyst in a 30 liquid reaction medium, wherein
the reaction is performed in the presence of a sulfuric acid alkyl ester. 3
In a second aspect, there is provided a_hydrogen peroxide solution
obtainable by this process, comprising 2 to 15 wt.% hydrogen peroxide,
0.5 to 20 wt.% water, 5 60 to 95 wt.% methanol, 10-6 to 10-2 mol/l

romide and 10-6 to 0.1 mpl/I dimethyl sulfate and/or monomethyl sulfate. .
%O Thé %?s%?o&éuarlg %?s%t[ﬁro%a%gea‘ 6r%yc%§§j Yolrcr%cc)% &ciﬁg gé:p? %%/Sp beymm e
sedefidgan Otk hjdiogehpetoXitie #f Hhe pressiiceof
Aitaniunscontaining zeolie aseatalysidusing the hydrogen peroxide

solution accarding t%i%eef'gvention. 15 In a third aspect, there is provided

a process for producing epoxides by reacting an olefin with hydrogen
§erbxidéin the pré&ehtad? atitanium-containing zeolite as catalyst,
MWherein Hyelrogeniperokidenis dsed inithe form 20 of a solution as defined

apoeve Jndhe process accprding fo the, diselosurefor producing. fiydrogen
1JJ)ﬁg@;Xl,ole, hydrogen and oxygen are reacted in the presence of a noble

ét‘aﬁgtalyst in a liquid reaction 25 medium containing a sulfuric acid
alkyl ester. Sulfuric acid alkyl esters within the meaning of the invention
are -

The disclosure also provides a process for producing
epoxides by reacting an olefin with hydrogen peroxide in
the presence of a titanium—-containing zeollte as catalyst
using the hydrogen percxide scolution according to the

inventicn.

In a third aspect, there is provided a process for
producing epoxides by reacting an olefin with hydrogen
peroxnide in the presence of a titanium-containing zeclite
as catalyst, wherein hydrogen peroxide is used in the form

of a sclution as defined above.

Iin the process according to the disclosure for producing
hydrogen peroxide, hydrogen and oxygen are reacted in the
presence of a noble metal catalyst in a liguid reaction
medium containing a sulfuric acid alkyl ester. Sulfuric

acid alkyl esters within the meaning of the invention are

the products of the esterification of sulfuric acid with an

aliphatic alcchel. Both sulfuric acid dialkyl esters and

sulfuric acid moncalkyl esters are suitable here, wherein

sulfuric acid moncalkyl esters can also be used in the form

of the alkali metal or ammonium



the products of the esterification of sulfuric acid with an aliphatic alcohol.
Both sulfuric acid dialkyl esters and sulfuric acid monoalky! esters are
suitable here, wherein 30 sulfuric acid monoalkyl esters can also be used
in the form of the alkali metal or ammanium 3a salts. Sulfuric acid alkyl
esters are preferably used in which th aalkyl radical is selected from the
group consisting of methyl, ethyl, n-propyl and n-butyl. Sulfuric acid alkyl
esters having.methyl as the alkyl radical are 5 particularly preferred. .
Sﬁi?ﬁesthy?%ul?rfékle% ld‘l%tﬁ)?llsguIf%%“e%/yé{ul?us?i’“cefcsfd ﬁ%%c?nre%lﬁgeas?éﬁ used in
WmAoniuth niethylisulfate, csddidm medfFsaifaté apd petassiamumethyl
cstiifaies atien padticutarsuitablesfor the procgss pgcording te-thetinvention. furic
aﬂcJAW%%@Q%ng%ft%ﬂfy“gm%@k%'e%%%%matgetgg%'gaﬂ 'Ogafa%%'ggulgre

chosen according to the other Componénts of iquid reaction medium
Féfch'thst-ar adeqdate B aétivity Shtedelectivity of fietcataiyRE fsvachidvetr t¢ -
sand: ig preferabty mahemannge froas1@'6, metitorQilimols anglparticdlatly,
Jyetergblydn the range-rem 0,001 malildo: 0,1 malk If the corceniration

of sglfunc; acid alkyl giter IFS below the ;referred range, then the addition
P8 10'Stronhg Adid e gehetdlly netestary o Hehitve ar adéqlate -1
Isslectivitywhereas in the presence of a sulfuric acid alkyl ester in the
preferred concentration range the process can also be performed without

the addition of a strong acid.
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15 The liquid reaction medium can be an aqueous, aqueous- organic or

organic reaction medium. If an aqueous-organic or organic reaction
medium is used, an alcoholic solvent is preferably used as the organic
component, primary alcohols 20 being particularly preferred. A solvent
from the series consisting of methanol, £thanol, n-propanol and n-butanol
is preferably used, and particularly preferably methanol. Regarding a use
of the hydrogen peroxide solution as an oxidising agent for the oxidation
of organic compounds, it 25 is convenient if the water content in the
reaction medium is kept as low as possible. The water content in the
Eactionmediumis eabyenriently imited m@lm@gw,m oh 20nwt.%; quid

preferably, 10,wt. 9o Methangl with aa‘%%‘[?\:/!e&nEtB]S f@gt 9 1AL %?car{t%?n@nm

particularly preferably used as the 30 so reaction me

Ei§ed“fkﬁ the ditect éi/?ﬁﬁé‘s}é"’br@?é?éw a?éb’%bntéﬁfé ERalRfEIAtRSSoIlved
formimia guantitysthakeistsintable tofinhkibé thes bedaksowhsof&chydiagen and

per g&%&m@p@s metal 9%@5’@ during the-sdirest synthesis. ?f%‘idﬁ and
and orio re used.as h des a referab bromlde The liquid
R&ctioh |¥1 RO %aflﬁetg?gfe‘r%h?% 53&%ﬂcgnt9§)troﬁ%]tﬁé 50

Eanbemdrﬁllo 6 I& 10t=moth parntictdrhopreferablylifiutheqaagé dromi ky L

$@+&:to 10s3umalth.ant i pardicular duthea range fremrlQ-Bdo d@rd mpllor 2
If th%gahde c%ncentratlon is.above the greferreg ran%% then the stac?llq)(1 "
of the ﬂygrogen per(%(lgfe soﬂ%n progucedrlg compromlseae Tl ave

selectivity, whereas in the presence of a sulfuric acid
alkyl ester in the preferred concentration range the
process can also be perfeormed without the addition of a

strong acid.

The liguid reaction medium can be an agueous, agueous-
organic or organic reaction medium. If an agueous-organic
or organic reaction medium is used, an alcoholic solvent is

preferably used as the organic component, primary alcchols

‘being particularly preferred. A solvent from the series

consisting of methanol, ethanol, n-propancl and n-butanol
is preferably used, and particularly preferably methanol.
Regarding a use of the hydrogen peroxide solution as an

cxidising agent for the oxidation of organic compounds, it

ls convenient if the water content in the reaction medium

is kept as low as possible. The water content in the
reaction medium 1s convenilently limited to a maximum of

20 wt.%, preferably 10 wt.%. Methancl with a water content
of 2 to 10 wt.% 1s particularly preferably used as the

solvent,

The liguid reaction medium used for the direct synthesis
preferably also contains & halide in dissolved form in a

guantity that is suitable to inhibit the breakdown of
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‘10 is below the preferred range then an adequate hydrogen peroxide

selectivity is generally no longer achieved. Lower halide concentrations

are preferred in terms of the further use of the hydrogen peroxide solution
formed. The halide can be added to the reaction medium in the form of an
15 alkali metal or alkaline-earth metal sélt, preferably as NaBr or Nal. The
halide can likewise also be added in the form of the hydrohalic acid, for
example as HBr or HI. The liquid reaction medium used for the direct
symsthesierRbearraptionatly diseadditiosaliyecontainatstioriacidr Stwnghe
acids wvithin the, meaninceeihe daventignsare alljacids displayingia pka
alie pf ess Inan 3 and preferably. a,pka valus ofes than 2 Mineral o,
acids Such as sulfdric aci , pﬁ/osp oric Acid and nitricacid are par |cu]11arlf§/
o5tiabe. SuffoRit ettt 25¢ bRESHhonic Bcids BrteRE tSEiBlenn e the
metium tamdikewiSethe used. fbe arid saneenitationlin the erganie oy in

ic-aque iquid -mediumyis: preferably. in the ra .0001 to
O At aioulars, ElErabl i e ranis o BOOL B0 G Eae

RJHESE e bid Condentriion is Bhove-the'prefetfed Fanges théR it ration
liguidiphrase ez omesiaesirablreperosivesrif it isbelowitheé prefecredthe
rangethen With low gongentrations %%HHE%@C'%&”&)&@S&%@@&‘E“% it

in d o?wen ?ﬁromde fs,electl%:%ﬁg:é:%n oc%gfr. Lower acid 35 concentrations

Afe pretéed I teths ot the furtidi (ke eﬁe%d?éﬁ&?ﬁ&%xm%dﬁgﬁ&
forirtet @ The Yeastioniis preferalsly peoited withcargas nixtiateved. Lower
Bantaiing By dogenAnthoxy 0ehe thereampesition of WhiGhdSof the further
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 as
NaBr or Nal. The halide can likewise also be added in the

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

The liguid reaction medium used for the direct synthesis
can opticonally alsc additionally contain a strong acid.
Strong acids within the meaning of the invention are all
acids displaying a pK: value of less than 3 and preferably
a pK, value of less than 2. Mineral acids such as sulfuric
acid, pheosphoric acid and nitric acid are particularly
suitable. Sulfonic acids and phosphonic acids that are
scluble in the medium can likewise be used. The acid
concentration in the organic or organic-aqueocus liquid
medium 1s preferably in the range from 0.0001 to 0.5 mol/1
and particularly preferably in the range from 0.001 to

0.1 mol/l. If the acid concentration is above the preferred
range, then the liguid phase becomes undesirably corrosive;
if it is below the preferred range then with low
concentrations of sulfuric acid alkyl ester a reduction in
hydrogen peroxide selectivity can occur. Lower acid
concentrations are preferred in terms of the further use of

the hydrogen peroxide solution formed,
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chosen such that the gas mixture is not explosive. A gas 5 mixture is

preferably used which is reliably outside the explosive limit even taking
into consideration the solvent partial pressure that is established. In
addition to hydrogen and oxygen, the gas mixture conveniently also
contains one or more inert gases, prefefably nitrogen. The 10 hydrogen
content in the gas mixture is limited to a maximum of 6 vol.%, preferably
a maximum of 5 vol.%. In particular the hydrogen content is in the range
from 3 to 5 vol.%. The oxygen content in the gas mixture can be
stoichiometric or hyperstoichiometric and is preferably in the range from
10<] Srtosb® vok%%i in partiCelar b yo @&whDh ¥ndtydedgén and aexygentaree

egt?lfeaaf}{mapa@e&maﬁydto fegf@ﬁct%h@xm{bg@a@géypekeqmch is

h in pure form and’in the form of  air or oxygen-enriched air. In a

EBﬁﬁrﬁﬁ‘olfsufé%cEBﬁ‘tprBEé‘Bss%% F&%F&E&F&a bt%fﬁ%deé"t g¥éd&or & 928
mltcican 26 bengticllyzordartialbretivhed td- thenehttsr iy ofdelrsdde the

tegucssthecost af kecovering a@&qagt@dﬂaxdr@g@@ l@é@@t@%ﬁ KMWRo1vent

}fgromtthelpnor art for th%%l%%ct lIC%ynthgs 115 dré)ge g @Qg fo
omprlsmgpone ormore noble metas can be use for e process

BEEGIRHIRM MR iRVRIRA, P’éﬁﬁ:u%ﬁy é‘ﬂﬁt%%lé’-‘@atﬁl%’fé@é)ré%@\m RSO
ER-A:L 038 833, @@gamés;:lmedz@n pagedslinet4 feomdls 6.168776n. The

gg@ﬂg 25e, 05 g colmn. 6,64 gad from, WO 2005/Q090L1, PG cs

to page 42, line 20. 30 The catalytically active component of
L P

ffe Catafyst %orﬁﬁr%%%%é’r Ao KoBla&tals in Fute fornt Br Wtﬁ? cular
faren bfvalloyse Preferred moblesmetals aee thenglatidiumm 3 to 5 vol.%. The

oxygen content in the gas mixture can be stoichiometric or
hyperstoichiometric and is preferably in the range from 10
to 50 vol.%, in particular 15 to 45 vol.%. Hydrogen and
oxygen are preferably supplied separately to the reactor.
Oxygen can be supplied both in pure form and in the form of
air or oxygen-enriched air. In & continuous reaction
process the residual gas cbtained at the reactor outiet can
be wholly or partially returned to the reactor in order to

reduce the cost of recovering unreacted hydrogen.

A1l catalysts known from the pricr art for the direct
synthesis of hydrogen peroxide and comprising one or more
noble metals can be used for the process according to the
invention. Particularly suitable catalysts are known from
EP-A 1 038 833, page 3, line 10 tco page 4, line 14, from US
6,168,775, column 5, line 6% to column 6, line 64 and from
WO 2005/0090611, page 34, line 19 to page 42, line 20.

The catalytically active component of the catalyst
comprises one or more ncble metals in pure form or in the
form of allcoys. Preferred noble metals are the platinum

metals, particularly palladium, and gold. Elements from the
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metals, particularly palladium, and gold. Elements from the 7 series

consisting of Rh, Ru, Ir, Cu and Ag can also be present. Particularly
preferred catalysts comprise as catalytically active metals at least 80

wt.% palladium and 0 to 20 wt.% platinum, and 0 to 20 wt.% gold and/or O
to 5 5 wt.% silver in alloyed or unalloyed form. The catalysts can be both
support-free and support-bound, support-bound catalysts being preferred.
The catalytically active noble metal(s) can be located on the surface of a
$6 suppor amslicricachbe rrBhgedas particléslineadniarns afisteibatiorpe
witbinea bed of an:inert SUpROR.-Eife supROIts:aeIRarticulatgmaterials,
sush.as pouders, exiudates, ranyles, or athet moyldings formed floma
15 powdere ma{‘f‘enéi. Oxidic or silicedus Supports are préf‘érggly useé,
BartieuiatlyEturhintdi ohddd silad tRafitinrdiokitle? zidcoriumndidgige 0 to
anerzeelites Adternativelyl cagabrebasedSURpests, suelmas activated
carbon supports, can also be used. 20 It is possible to mix the catalytically
active component present in very finely dispersed form with a powdered
support, to plasticise and shape the mixture and to strengthen the

Wé“dé%%?ﬁép%ag&?%écﬁ%%”%E%:%%E@»‘?‘k‘?é atlyg,yit &%ﬁ%@%@&%a,
to impregnate a prefabricated, shaped support with a suspension ' .
EGhiiMing liﬁ@%éifﬁﬁéifrﬂ?éb%r%%a%‘égw&&ﬂ/e CotfipGiferiti vyt ically
producsgralsb<atied shék catadyst bW hendhe edtalytically astiver materd a

isapplied 1905 e an be arranged as particles in a uniform
distribution within a bed of an inert support.

The supports are particulate materials such as powders,
extrudates, granules, or other mouldings formed from a
powdered material. Oxidic or siliceous supports are
preferably used, particularly aluminium oxide, silica,
titanium dioxide, zirconium dioxide and zeolites.
Alternatively, carbon~based supports, such as activated

carbon supports, can also be used.

It is possible to mix the catalytically active component
present in very finely dispersed form with a powdered
support, tec plasticise and shape the mixture and to
strengthen the mouldings by calcination. According to an
alternative, it is also possible to impregnate a
prefabricated, shaped support with a suspension containing
the very finely dispersed catalytically active component;
producing a so-called shell catalyst. When the
catalytically active material is applied to or in the
suppert, known binders, such as water glass, calcium
oxalate, boric acid and other glass-forming compositions,
can also be present. Application of the catalytically

active material to a support is conventionally followed by
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30 support, known binders, such as water glass, calcium oxalate, boric

acid and other glass-forming compositions, can also be present.
Application of the catalytically active material to a support is
conventionally followed by 8 a calcining step at 300 to 600C. Finally the
catalytically active supported catalysts &an also be obtained by
impregnating the support with a solution containing a compound of the
catalytically active metals, with 5 subsequent hydrogenating, calcining and
Wwashihg stdp Fheprecessldccoedihd to the invertiohvcarhbe petfeimed cally
et cantigupusly and hatehwise: a centinuousJeaetian, 4X9cRSS Peing
referred. The noble metal catalvst can be 10 ysed here in any form,

pa |cuI%rr]Iy in tite form oflgpsuspensmn of in the Torm of a fixed bed: The
REBIBIHELAI Sataly3t isSpleterabl dsethindné iotm B bfixed bedtThe size
eftheqanticles invthestixetkhed gan ckbL ke withig bread #argesd steps.
particular in the range from 0.1 to 10 mm. If mixtures of catalytically active
and inactive particles are used, catalytically active particles having a size

“in the range from 0.02 to 0.1 mm can also be used. A small particle size

S te re 20_dro hilst with too large a particle size
E@Q cg%;\%%gﬁy égél;\?e%%s% rﬁgzcé: %re%hi%l re!%ll}yc%eggll.C Czilzrlticﬁ%l nsizB es i the zmed

Rfige oo T i@ B5hin, i PaRrtRR ity 29nAPaTd paRidEIaFpact ion
preferably @:4itod).bmmheleaddo Nigh productivitiesa25 daagreferredan be

%@@@dE@%g‘ﬁﬁh%£§DQQ§§@099§¥@QE%gﬁEly in the form of a

suspension or in the form of a fixed bed.

The nobkle metal catalyst is preferably used in the form of
a fixed bed. The size of the particles in the fixed bed can
lie within brcad ranges, in particular in the range from
0.1 to 10 mm. If mixtures of catalytically active and
inactive particles are used, catalytically active particles
having a size in the range from 0.02 te 0.1 mm can also be
used. A small particle size leads to a greater pressure
drop, whilst with too large a particle size the
catalytically active surface area is reduced. Particle
sizes in the range from 0.1 teo 5 mm, in particular 0.1 to

2 mm and particularly preferably 0.1 to 0.5 mm, lead to

high productivities.

In a preferred embodiment c¢f the process according to the
invention a reactor is used which comprises one or more
fixed beds with the noble metal catalyst. The reactor is
flooded with the liquid reaction medium and the gas mixture
is distributed in the form of gas bubbles in the reaction
medium contained in the reactor. The reactor is designed
and coperated in such a way that no gas cushions are formed

in the reactor in which the gas mixture is permanently in
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invention a reactor is used which comprises one or more fixed beds with

the noble metal catalyst. The reactor is flooded with the liquid reaction

medium and the gas mixture 30 is distributed in the form of gas bubbles in

the reaction medium contained in the reactor. The reactor is designed

and operated in such a way that no gasScushions are formed in the

reactor in which the gas mixture is permanently in 9 contact with the

reactor wall or with metal reactor fittings. An example of such an

PGt ent Abcorafhgrothe CinveRtion i8Xhe peFoftRaRce sRtheesction

3 adaubie @Jum@awbe@ir@ﬁ]esmixd éeacsmmd&ewargt&@r@ﬁ&a@ to the

mixture are introduyced in £'}e lopuer part of t %8“9%'% pnandthe s o
ydrogen perOX|de Solfition t at IS roduce IS remove e er wit

tinteEtted YRS Tt tﬁelfopldﬁﬁé @cﬂﬁ’é*&élﬂﬁwﬁ“@%&%‘% ?H@ buBBleIas

ekt seacter comprises: adfixed hed=oflsupportdzatindodatalyst particles
QF A0, mixture gt.caj la{%ee@ltag@l%%eea@eﬁ{@erp%elesugvhﬂeauced_

the fittings which hold the fixed catalyést bed in the reactor are desighed in

Shch HWET that A Rio1idint'is "8 gHE TH8Ri6R forAfet whith i§ permaReftly te
HrcbAtactwithmtherreactor ywalllravithankeia fitimsmRempandatly inddiorises

Loptact means heredhatibesudace is patowetiad with the Jiguid kgaction

medlurlrj over an xtend%d erl %:?H&'rsu in dlr ctc m%ét Wlt? the 938 . ..les
%Jh}g%@ Theé surcfacepeera Fémains urwetted b I|qU| meditin for !

wiedloager than 308 FHiADES atlahvrpmiiﬁltﬁél@aﬁwem pafiedlgrforrrd 1in
Zedorgerihan 3rseconssqhicthe Trostprefesredembediment the lighitht is
re%%gwgyggu%%l %@%5gtag§§wtbgrgggﬁggent;y in centact with
the reactor wall or with metal fittings. Permanently in
contact means here that the surface is not wetted with the
liguid reaction medium over an extended periocd but is in
direct contact with the gas phase. The surface preferably
remaing unwetted by the liguid medium for no longer than 30
minutes at any point in the reactor, in particular for no
longer than 30 seconds. In the most preferred embodiment
the liquid reacticn medium is passed through the reactor in
such a way that the surface of the reactor is constantly

wetted by the liguid reaction medium at every point.

If a fixed-bed catalyst is used, the liquid reaction medium
is preferably fed to the reactor at a rate that leads to a
cross-sectional lcad on the catalyst from the liquid phase
in the range from 0.3 toc 200 m/h, relative to the empty
cross—section of the reactor. The cross-sectional load is
preferably in the range from 0.3 to 20 m/h and particularly
preferably in the range from 1 te 10 m/h. In the preferred
range of cross-sectional load, hydrogen peroxide soclutions
can be produced with a hydrogen peroxide content of 4 to

12 wt.%, & high hydrogen percxide selectivity, a high
space~time vield and a high catalyst lifetime being

achieved at the same time.
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such a way that the surface of the reactor is constantly wetted by the

liquid reaction medium at every point. 25 If a fixed-bed catalyst is used,

the liquid reaction medium is preferably fed to the reactor at a rate that

leads to a cross-sectional load on the catalyst from the liquid phase in

the range from 0.3 to 200 m/h, relative i&@the empty cross-section of the
reactor. The cross-sectional load is 30 preferably in the range from 0.3 to

20 m/h and particularly preferably in the range from 1 to 10 m/h. In the
preferred range of cross-sectional load, hydrogen peroxide solutions can

be produced with a hydrogen peroxide content of 4 to 12 wt.%, a high
hydragenqieroxide setectivity, sa hight B8 space:time yeldarmtiadiglhc the
catalyst lifgtime, beingrachieved at thesame fme. 10 The reaction. o s nong

conditions igithe rogess according to the invention in terms of pressure

BRd Bmperattfd Corréspond” to Bioss kndivh fromt tife prsr af > FidSThe
TeaRRNS wisperatye i genemllyin thesangadronf0an 90C;@ 90°C, a
t@mpeaﬁé@%@ngaﬁr@éﬂfz%g E@E; bejing @P@feﬂegnghl@ﬁ@é%g@d% The

enerally in the range of atmospheric pressure or.a slightly reduce
%Ifgsssstjlﬁg fo érsou%%%eorﬁljgg TJh% ?élaecti%ﬁrllg Sre?e%ra%'ﬁ/&ﬁ}e%é?nreldc af3 =o5ure
PFessute iPtHelrang8 E AONPO BT BIPEC Ik thesréseAcd!BRsulfilie
acithalkylrestersihe foble metakeatalyskexhibitsa bighsand lastingthe range
2ctivitysfor the, farmation of hydrogen peroxide with an elevated selectivity
15 of hydrogen peroxide formation relative to the hydrogen used, even if
gas mixtures containing hydrogen and oxygen

In the presence of sulfuric acid alkyl esters the noble
metal catalyst exhibits a high and lasting activity for the
formation of hydrogen peroxide with an elevated selectivity
of hydrogen peroxide formation relative to the hydrogen
used, even if gas mixtures containing hydrogen and oxygen
are used which have a composition cutside the explosive
range. Reaction media can be used here which have lower
contents of halides such as bromide and/or iodide and of
strong acids than is the case in the absence of sulfuric

acid alkyl esters.

The process according to the invention can be particularly
advantageously integrated into an overall process for the
oxidation of an organic substrate with hydrogen peroxide,
since hydrogen peroxide sclutions produced with the process
according to the invention contain lower amounts of
components which can lead to undesired secondary reactions
and consecutive reactions in a subseguent oxidation
reaction. Particularly advantageous here are solutions of
hydrogen peroxide in methancl produced by the process
according to the invention which comprise 2 to 15 wt.$% and
preferably 5 to 12 wt.% of hydrogen peroxide, 0.5 to

20 wt.% and preferably 2 to 10 wt.% of water, 60 to 95 wt.%
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are used which have a composition outside the explosive range. Reaction
media can be used here which have lower contents of halides such as
bromide and/or iodide and of 20 strong acids than is the case in the
absence of sulfuric acid alkyl esters. The process according to the
invention can be particularly advantagédéusly integrated into an overall
process for the 25 oxidation of an organic substrate with hydrogen
peroxide, since hydrogen peroxide solutions produced with the process

aécardiripacthe ilENtis® cORTAIMBNEE afRines 615 e5/tpbrieht wHieh

can’lead 1o undesiredaeernda deadinadndicansesutiventeactionsdn a

é%%%%%’%# %X'S?B%'l 3pJeactiqn, Rar 'Clﬁl%ﬂy/ ?d%%n?%%%ﬁ%hﬁres%rffate
olutions of "hydrogen peroxide in methanol produced by the grocess

&ECOrBinIBtRE: iof el Bompige HUSREG SAG refsrapy Ly
t0l 52 WtSh of hydrogenpeforidepQ.blto2D wt.Mranchprederably 2teibrably
wi, %6 of water,.6G;to 95 wt.% 11 of methanol, 10-6 to 10-2 mol/l and
preferably 10-5 to 10-3 mol/l of bromide, and 10-6 mol/l to 0.1 mol/l and
preferably 0.001 mol/l to 0.1 mol/l of dimethyl sulfate and/or monomethyl
sulfate. The solutions can additionally 5 also contain up to 0.1 mol/l of a
strong acid, preferably sulfuric acid. The solutions 'accordin%to the

%%nﬁ&ﬂ%?ﬁ;‘?&}%géﬁcﬁe’?r%%% ih&thanol e pariicularty Sytane ar

ther d@ispoxidatios 0f ofefinsa peefeeatiy ol propére swith dydmogeor the
Beoxide.inithe presencerafatitapium-LeRiAIRINg rzeolite, as catalystnThe
E@ggggiﬁcgggg fgéhgn the presence of a titanium—~containing
zeclite as catalyst. The sclutions according to the
invention of hydrogen peroxide in methancol can be used here
in the reaction with no further treatment or additives and
in ceomparison to solutions of hydrogen peroxide in methanol
produced by direct synthesis according to the prior art
they give rise to an improved selectivity of epoxids
formation and fewer byproducts due to ring-opening
reactions. If solutions are used which additionally contain
a strong acid, the content of strong acid is advantageously
wholly or partially neutralised by the addition of a base,
preferably ammonia, before being used for epoxidation. The
epoxidaticn can be performed under the reaction conditions
known from the prior art, for example from EP-A 0 100 119,
and with the known titanium-containing zeclite catalysts.
The epoxidation is preferably performed under the reaction
conditions described in WO 02/083873 on page 6, line 17 to
page 11, line 26, the sclution according to the invention
of hydrogen peroxide in methancl being used in place of the

agueous hydrogen peroxide solutions used in WO 02/085873.

The invention is illustrated by the examples and

comparative examples below.
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invention of hydrogen peroxide in methanol can be used here in the

reaction with no further treatment or additives and 15 in comparison to
solutions of hydrogen peroxide in methanol produced by direct synthesis
according to the prior art they give rise to an improved selectivity of
epoxide formation and fewer byproductg due to ring-opening reactions. If
solutions are used which additionally contain 20 a strong acid, the content
of strong acid is advantageously wholly or partially neutralised by the
Bydtehsta base, preferably ammonia, before being used for
epoxidation. The epoxidation can be performed under the reaction
conditions known from the prior art, for example from EP-A 0 100 119, 25
and with the known titanium-containing zeolite catalysts. The epoxidation
is:prgferably performed under the reaction conditions described in WO
02/085873 on page 6, 'Line 17 to page 11, line 26, the solution according

1q theyinyeption, f{m%%%rogs@ffem@aaw bfl@ﬂlug%%mc%'aﬁﬁ%
the 30 aqueous hydrogen peroxide solutions used in WO 02/085873

ﬁ%Pe%EBH i€ HioStrarR d By M exanPIBRana T cothparatiVe exdfhpfes 6aIgN: ©f
10 Exanipies: Exaniple 1chrediiect syathesisawas pedoymsed ired bubble a

ek, bugactor withanipternakdiameter,of 16:mim and adength of 40
with a bed volume of

g]cél' e reac comprises am% ed catal stb d

approximataty Ogéf - Al xtdle GF - catafti eI‘Lea":’ctlv% mé&?ﬁ&rt%ﬁe%téﬁ:dles
et p}éﬁfél@s w@%ms@@lt@lﬂﬁ%fcatélﬁtabatalwdany aetive partiefesticles
consisting of 95 % Pd and 5 % Au were produced by analogy
to DE 189 12 733. Granular alpha-zluminium oxide from
Ceramtech AG with the name “Stemalox-Sprihkorn, gebrannt
0 ~ 0,5 mm Al,;03-Gehalt 85%” (Stemalox spray particles,
calcined, 0 - 0.5 mm, Al,0; content 85%) was used as the
inert material. Befcre being used, the granules were freed
from the < 0.1 mm fraction by screening. The very fine
particle metal catalyst powder was mixed with the oxidic
support powder. The Pd content ¢of the mixture of catalyst

particles and inert particles was 0.25 wt.$%

The reactor was cperated as a flooded bubble column reactor
with a cocurrent flow of gas and liguid at a pressure of

5 MPa (50 bar} and a reaction temperature of 25°C. A
mixture of 98 parts by weight of methanol and 2 parts by
weight of water with 0.0001 mol/l of sodium bromide,

0.01 mel/l of sulfuric acid and (.01 mol/l of dimethyl
sulfate was used as the liquid reaction medium. The liquid
reaction medium was supplied to the bottom of the reactor
at a rate of 120 ml/h. The flow rate of the liguid and the
reactor cross-section gave rise to a liguid cross-section
load of C.%6 m/h. At the same time 230 N1/h of a gas mixture
consisting of 3 vel.% of hydrogen, 20 vol.% of cxygen and
77 vol.% of nitrogen were introduced at the bottom of the
reactor. The hydrogen percxide sclution that was formed was

removed together with unreacted gas at the top of the
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‘10 consisting of 95 % Pd and 5 % Au were produced by analogy to DE

199 12 733. Granular alpha-aluminium oxide from Ceramtech AG with the
name "Stemalox-Spruhkorn, gebrannt 0 - 0,5 mm A1203-Gehalt 85%"
(Stemalox spray particles, calcined, 0 - 0.5 mm, A1203 content 85%)

was used as the 15 inert material. Befor& being used, the granules were

freed from the < 0.1 mm fraction by screening. The very fine particle

metal catalyst powder was mixed with the oxidic support powder. The Pd
seienpof the mixtureaf ¢atalystaparticlesashdineft particiesnag 0251 de the
wit %6:+20- The reactor was operated as a flooded bubble column reactor

with a cocurrent flow of gas and liquid at a pressure of 5 MPa (50 bar) and

g feactionfemperg r%9£2§@aétwtfa%o&%8 HBG%QYE’YI%Q%‘?Imgen

methanol and 2 parts by weight of water with 0.0001 mot/1 of Sodium

GromiRES25%. d‘?ﬁ]o?/% of sﬁﬁﬁrfﬁ&d@’rﬁ%’@?%&ﬂ%‘?%ﬁﬂ@th?/f’]sﬁﬁéfé“ that
was usedassthediguidereaetios nieditim? Thé liguid: regotiopamediudewahe

§@>QJ@@Q£[€*;JIE? b@ﬁoﬁy@cﬂbééﬁag@kcﬁi?d@t% ot-42Q mith. ;The flow & rate of
the.li u1d an%the reactot[' cdo%s sCFctlonag rlse to a li ui cross sectlon

§8]roadlof30 ‘it AT e Sametime 23 ef a gas ixture conssﬁﬁg
6£3 QobvdlePhydraefd 20 Vbl.% of oxygen and 77 vol.% of nitrogen were
introduced at the bottom of the reactor. The hydrogen peroxide solution
that was formed was removed together with unreacted gas at the top of
the 13 reactor in such a way that no gas cushion formed inside the

reagier: After operating dbe saagionfor 24<hours he:hydrogen

Example 1 was repeated, but no dimethyl sulfate was added

to the reaction medium.

After operating the reactor for 24 hours the hydrogen
conversion was 45 % and the hydrogen peroxide solution that
was removed contained 3.12 wt.% of hydrogen peroxide. The
selectivity of hydrogen peroxide formation was 64 %,
relative to unreacted hydrogen. The catalyst activity was
8.5 g Hp0p / g Pd * h.

Example 3 (not according to the invention)

Example 2 was repeated, but the concentration of sulfuric

acid was reduced to 0.001 mol/l.

Lfter operating the reactor for 24 hours the hydrogen
conversion was 45 % and the hydrcgen peroxide solution that
was removed contained 2.25 wt.% of hydrcgen peroxide. The
selectivity of hydrogen peroxide formation was 46 %,
relative to unreacted hydrogen. The catalyst activity was

6.1 g H,0, / g Pd * h.
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“conversion was 49 % and the hydrogen peroxide solution that 5 was

removed contained 3.8 wt.% of hydrogen peroxide. The selectivity of
hydrogen peroxide formation was 71 %, relative to unreacted hydrogen.

The catalyst activity was 10.6 g H202 / g Pd * h. 10 Example 2 (not
according to the invention) Example 1 \vids repeated, but no dimethyl

sulfate was added to the reaction medium. After operating the reactor for

24 hours the hydrogen conversion was 45 % and the hydrogen peroxide
sotatish-that 15 was removed contained 3.12 wt.% of hydrogen peroxide.
The selectivity of hydrogen peroxide formation was 64 %, relative to
aveaptee Hydregen.chimacatdlysbactivity vwas. 8.5 dH202 69 Paks* h2@d to

Example.3.{not.acearding, to the invention) Example 2was, repeated.kut
the concentration of sulfuric _acid \ﬁ]asoésducgg to 0.001 mol/l. After

ﬁﬁ& tH“@Fea?c?&rrf%?ﬁf%oE?s r} ‘conversion was 45 % and

the hydrogen peroxide solution that 25 was removed contained 2.25 wt.%

é‘fﬁrﬁ%ﬁoéﬁéﬁ’p’éﬁ%ﬂb Te dS6GVRY of Pydrof e PersxilB oAt PREs
40 M enetdinee toasnreacteddrydrogen. H&m&aﬁ@gs@aﬁwﬁydm&ﬁmgmn that

H2Q2 faRd e h. §9&€a§%@@pﬁe 4 Examplg 4 wag ed N0 The

sulfuric acid was added to the reaction medium and the concentratloon of
Gt - Sdifafe Wad WeredBel (8 DI ide), formation was S

relative to unreacted hydrogen. The catalyst activity was
11.0 g H:0; / g Pd * h., The catalyst activity and
selectivity of hydrogen percxide formation were unchanged

even after 72 hours of reactor operation.

A comparison of Examples 1 and 2 shows that in the presence
of dimethyl sulfate a higher activity and selectivity of
the catalyst for the formation ¢f hydrogen peroxide was
achieved than in otherwise identical conditions withcout the
addition of dimethyl sulfate.

Example 3 shows in comparison to Example 2 that in the
absence cof a sulfuric acid alkyl ester the selectivity of
hydrogen peroxide formation falls sharply with a reduced
aclid concentration. Example 4 shows, by contrast, that in
the presence of dimethyl sulfate, even without the addition
of a strong acid, a high selectivity of hydrcgen peroxide

formation was achieved.
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5 After operating the reactor for 24 hours the hydrogen conversion was

49 % and the hydrogen peroxide solution that was removed contained 4.0
wt.% of hydrogen peroxide. The selectivity of hydrogen peroxide

formation was 74 %, relative to unreacted hydrogen. The catalyst activity
was 10 11.0 g H202 / g Pd * h. The catafyst activity and selectivity of
hydrogen peroxide formation were unchanged even after 72 hours of

reactor operation. A comparison of Examples 1 and 2 shows that in the
Bﬁe%@ﬁée 15 of dimethyl sulfate a higher activity and selectivity of the
catalyst for the formation of hydrogen peroxide was achieved than in
otherwise identical conditions without the addition of dimethyl sulfate. 20
Example 3 shows in comparison to Example 2 that in the absence of a
sulfuriccacid adles estes the selectivitycofhivrogen pseaxide farmationdalts: i ng
sharp%gts%r@gugﬁa aciq qoncantralign. Example.d sgows. Bugoalel. ..

that in the presence of dimethyl sulfate, even without the addition 25 of a
strong S8t a¥igh %@I&tl&ltﬁ%&@@&?b@%)ﬁ% toffation was
achievethels Claims 1. A process for producing hydrogen peroxide by

reactmg@y@ggggﬁﬁq @Q%Qﬁ&%@@sgﬂc%%aﬁ;@&%éﬁ'é a
catalyst i n;@ Ilgwd reaction m{edi ghereln the reaction is performed in
28nce AP

the pre 5 &difdriccadid Ster. 10 2. The process as claimed
in claim 1,
2. The process as claimed in claim 1,

wherelin

the sulfuric acid alkyl ester is a sulfuric acid
dialkyl ester, a sulfuric acid monoalkyl ester or an
alkali metal or ammonium salt of a sulfuric acid

monoalkyl ester.

3. The process as claimed in claim 2,
wherein
the alkyl radical in the sulfuric acid alkyl ester is
chosen from the group consisting of methyl, ethyl, n-

propyl and n-butyl and is preferably methyl.

4. The process as claimed in one cof claims 1 to 3,
| wherein
the reaction is performed in an agueous, agusous-
organic or organic reaction medium containing a

bromide and/or iodide in dissolved form.

5. The process es clalmed in claim 4,
wherein
the aguecus-ocrganic or organic reaction medium
comprises a solvent from the seriles consisting of

methancl, ethanol, n-propancl and n-butanol,
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wherein the sulfuric acid alkyl ester is a sulfuric acid dialkyl ester, a

sulfuric acid monoalkyl ester or an alkali metal or ammonium salt of a
sulfuric acid 15 monoalkyl ester. 3. The process as claimed in claim 2,
wherein the alkyl radical in the sulfuric acid alkyl ester is 20 chosen from
the group consisting of methyl, ethyl, n-gropyl and n-butyl and is
preferably methyl. 4. The process as claimed in one of claims 1 to 3,
wherein 25 the reaction is performed in an aqueous, aqueous- organic or
organi® FEd@ R ThERATEGREHing a bromide and/or iodide in dissolved
form. 5. The process as claimed in claim 4, 30 wherein the

' aqueous-organic or organic reaction medium comprises a solvent from

the sergs:consisting-of; methanalethanol,ppropangland.nsbutanol 161 - 1 s,
preferatilly methanol. 6. The process as claimed in one of the preceding
claims! Wherein 5 the reaction is performed with a non-explosive gas

mixturé géntaffing hdrogenioteyged. FiThe protess axmlaimedangas

one of the: pracedinshelaims nwhereir 49 dhe nablegnetpd satalyst
comprises metallic palladium

7. The process as claimed in one of the preceding claims,
wherein
the noble metal catalyst comprises metallic palladium

on a support.

8. The process as claimed in one of the preceding claims,
wherein
the reaction is performed in a reactor in which the
noble metal catalyst i1s arranged in the form of one or
more fixed beds and a gas mixture containing hydrogen
and oxygen is passed through the reactor in such a way
that at no point is the surface of the reactor
permanently in contact with the gas mixture being

passed through the reactor.

9. A hydrogen peroxide sclution, comprising
2 to 15 wt.% hydrogen peroxide,
0.5 to 20 wt.% water,
60 tc 85 wt.% methanol,
107% to 107 mol/l bromide and
10"% to 0.1 mol/l dimethyl sulfate and/or monomethyl
sulfate.

10. A process for producing epoxides by reacting an olefin
with hydrogen peroxide in the presence of a titanium-
containing zeolite as catalyst,

wherein



on a support. 8. The process as claimed in one of the preceding claims,
wherein 15 the reaction is performed in a reactor in which the noble metal
catalyst is arranged in the form of one or more fixed beds and a gas
mixture containing hydrogen and oxygen is passed through the reactor in
such a way that at no point is the surfaceé of the reactor 20 permanently in
contact with the gas mixture being passed through the reactor. 9. A
hydrogen peroxide solution, comprising 2 to 15 wt.% hydrogen peroxide,
25 0.5 209@3% \wasex60%0 D5 itDBIdMaibie 169610 28-2meplution as
bromidelaridnt0r6ite =1 e/l @imethyl sulfate and/or monomethyl sulfate.
30 10. A process for producing epoxides by reacting an olefin with
hydrogen peroxide in the presence of a titanium- containing zeolite as
catalyst, wherein 17 hydrogen peroxide is used in the form of a solution
as claimed in claim 9.



