Process for the direct synthesis of hydrogen peroxide
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per oxi de solution by direct synthesis froma gaseous

m xt ure contai ni ng hydrogen and oxygen, in the

presence of a noble netal catalyst, it being possible
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steel reactor w thout corrosion occurring on the

reactor material . It is known to prepare hydrogen

PEde ¥ di rect synthesis from gaseous m xtures

cont ai ning hydrogen and oxygen by reacting the gaseous

m xture on a noble nmetal catalyst in the presence of a
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strong acid and a halide to the liquid reaction

medi ym _However, because.of. the need ta add acid and
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t e diightheat ofe rRagde WrenRcanigiig fifedd’, aqueous-

reacti on on the industrial, scale, 1t is ,
organic or organic reaction medium. The organic or
aqueous-organic hydrogen peroxide solutions 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 peroxide to water and oxygen. This unwanted
activity of the catalyst can be inhibited by adding a
sufficient concentration of a strong acid and a 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 liquid reaction medium becomes
strongly corrosive towards metallic materials,

particularly stainless steel.

To be able to dissipate the high heat of reaction when



desirable to use a reactor nade of a netallic

materi al. However, corrosion of the reactor materi al
whyooshes2s®acti-on nmedi um gives rise to safety pPODEPRIS5/003933

especially if the direct synt hésis is carried out at

el evated pressure, which is desirable for achieving a

hi gh space- tine yield. Furthernore, netal ions
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catalyst, so the liquid reaction m xture remains
corrosi ve. Because of the corrosive properties, EP-A O
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- metal is applied to a catalyst support containing acid
groups. Although the use of the proposed catalyst
supports makes it possible to lower the acid concentration
in the reaction medium, it is still necessary to add 3 to
34 ppm of HBr in orxrder to inhibit the decomposition
activity of the noble metal catalyst, so the liquid
reaction mixture remains corrosive. Because of the
corrosive properties, EP-A 0 978 316 therefore uses
autoclaves which are either made of the particularly
corrosion-resistant alloy Hastelloy C or are made of
stainless steel and have a glass insert to contain the

ligquid 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 reactor coatings
made of inert materials, for example glass or PTFE, as are

known from the state of the art, incurs considerable extra



as Hastelloy C or of reactor inserts or reactor

coatings nmade of inert materials, for exanple glass or
wWE@IeE108285 are known fromthe state of the art, PCTYEPR2085/003933

consi der abl e extraexpendi ture anhd hi gh costs in the

manuf acture of the reactors and hence makes the

process unecononc. There is therefore a need for a
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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
stainless steel on direct contact with the corrosive

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 i1s carried out in a V4A steel autoclave operated
ag a continuous stirred tank. The autoclave is operated
in this case with a gas stirrer to disperse the gaseous
mixture in the liquid reaction medium. For a construction
of this type, the autoclave has to contain a gas cushion
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 period of time over



in this case with a gas stirrer to disperse the

gaseous mxture in the liquid reaction nedium For a
w@omsios28s i on of this type, the autoclave has POI/EP2005/003933

contain a gas cushion in the ree’gi on of the cover so

that the gas stirrer can suck in gas and distribute it

in the reaction mixture. The document does not
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necessary high flow velocity of 1.2 m/s or more, the
process described in WO 03/082458 also requires
particularly long and hence expensive reactors. Thus, for
example, a pressure reactor with a length of more than

2000 m is used in Example 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 liquid reaction
medium containing bromide and a strong acid, can be
carried out in a reactor made of commercially available
stainless steel without corrosion occurring on the reactor
material if the reaction is 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 possibility of
avoiding corrosion of the stainless steel reactor material

by limiting the contact time between the reactor material



medi um cont ai ni ng brom de and a strong acid, can be
carried out in a reactor nade of commercially

war@shed2Be stainl ess steel wit hout COrrosi on OPCI/EP100§003933
on the reactor material if theSreaction is carried out
in such a way that, during the reaction, the surface
of the stainless steel is at no point in pernmnent
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supported catalyst particles or a mixture of catalyst-
containing and catalyst-free particles, 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 permanent contact with

the gaseous mixture passing through the reactor.

The invention also 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
hydroxyl, and carbonyl compounds, with an organic or
aqueous-organic hydrogen peroxide solution, in the
presence of an oxidation catalyst from the group
comprising titanium silicalites and vanadium, molybdenum
and/or tungsten compounds, wherein the organic or agqueous-
organic hydrogen peroxide solution used has been obtained

by the above-mentioned direct synthesis process according



the gaseous m xture passing through the reactor. The

i nvention also provides a process for the catal ytic
w@zi0daos28h--of--an organi c substrate fromthe grPCPEP2005/003933

conprising olefins, aromatic h?drocarbons that can

carry substituents fromthe group conprising al kyl,

al koxy and hydroxyl, and carbonyl conpounds, with an
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solution, in the presence of an oxidation catalyst

fromthe group conprising titaniumsilicalites and
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Wi th the gaseous m xture passing through the reactor.
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minutes. The surface of the stainless steel preferably
remains unwetted by the liquid medium for no longer than
30 seconds and particularly preferably for no longer than
1 second. In the most preferred embodiment, the liquid
reaction medium is passed through the reactor in such a
way that the surface of the stainless steel is

continuously wetted by the liquid reaction medium at every

point.

The process according to the invention is preferably
carried out in such a way that thé reactor is flooded with
the liquid reaction medium, and the gaseous mixture is
distributed in the form of gas bubbles in the liquid
reaction medium contained in the reactor. The reactor is
constructed and operated so that gas cushions, in which
the gaseous mixture is in permanent contact with the
reactor wall or with stainless steel reactor fittings, do

not form in the reactor. An example of such an embodiment



1 second. In the nost preferred enbodi ment, the liquid
reaction nediumis passed through the reactor in such
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wall always remains wetted by the liquid reaction medium.
Preferably, for this purpose, at least part of the liquid
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 reaction medium

running down said wall.

In terms of the invention, stainless steel is understood
as meaning any metallic material which has iron as the’
main constituent 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

4 wt.%. Those skilled in the art are familiar with such
stainless steels as materials for chemical reactors, for
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, 316L, 316N and 316Ti.
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In addition to organic solvent and optionally water, the

liquid reaction medium used for the direct synthesis also
contains a strong acid and a halide in an amount that is

appropriate for inhibiting the decomposition of hydrogen

peroxide on the noble metal catalyst during the direct

synthesis.

In terms of the invention, strong acids are any acids with
a pKy of less than 3 and preferably a pKs of less than 2.
Mineral acids, such as sulfuric acid, phosphoric acid and
nitric acid, are particularly suitable. Sulfonic acids
and phosphonic acids that are soluble in the medium can
also be used. The acid concentration in the organic or
aqueous-organic liquid 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. If the



20 wt.% preferably 10 wt .% . Particularly

preferably, the solvent used is nmethanol wth a water
w@onsae28df 2 to 10 wt. % In add| tion to organPCI/EP2005/003933

sol vent and optionally water, fhe liquid reaction

medi um used for the direct synt hesis al so contains a

strong acid and a halide in an anount that is
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Lower halide concentrations are preferred in view of the
subsequent 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 hydrohalic acid, for example HBr or HI.

The liquid reaction medium is preferably fed into the
reactor at a rate such that the cross-sectional loading by
the liguid phase in the reactor ranges from 0.3 to

200 m/h, based on the unloaded 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.



t he hydrogen peroxi de solution prepared is reduced; if

it is belowthe clainmed range, the hydrogen peroxide
w@edosaos2ss ty achi eved is nor rraIJea/ no | onger sSuPCT/EPEN$/003933

Lower halide concentrations are preferred in view of

t he subsequent use of the hydrogen peroxi de sol ution

formed. The halide can be added to the reaction nedi um
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The residual gas obtained at the outlet of the reactor can
be wholly or partially recycled into the reactor in order

to reduce the cost of recovering unreacted hydrogen.

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 containing
one or more noble metals, in the form of a fixed bed.
Fxamples of suitable catalysts are known from

EP-A 1 160 196 or US 6,168,775. It is also possible to
use other commercially available 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 alloys. Preferred noble metals are the platinum
metals, especially palladium and platinum, as well as

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



hydrogen content ranges from3 to 5 vol .% . The
oxygen content of the gaseous m xture can be

W@ r@sabs28sret i c- or hyperstoi chiometric and pr eP€r/ap109s5/003933
ranges from 10 to 50 vol . % esb%ci ally from15 to 40
vol . % The hydrogen and oxygen are preferably fed into
the reactor separately. The oxygen can be introduced
eianiteAd apured. fohg mregantt he Feormaoflatly mrefertdd

faor f_oxygen- i.che jql oL resi dual gas
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di rect synthesis of hydrogen peroxide and contai ni ng
one or nore noble netals, in the formof a fixed bed.
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plati numnetals, especially palladiumand platinum as
well as gold. Elenents fromthe group conprising Rh,
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zirconium dioxide and zeolites. 2An alternative

possibility is to use carbon-based supports, for example

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 mixture and
consolidate the shaped bodies by calcination. According
to one alternative, it is 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 shell catalyst. When the
catalytically active material is applied onto or into the
support material, known binders, such as water glass,
calcium oxalate, boric acid and other glass-forming
compositionsg, 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



nmetal (s) can be present on the surface of a support

mat eri al and/ or be arranged as particles uniformy
wale@snides ed within a bed of inert support matRCT/AP2005/003933

The support materials are partféulate materials such

as powders, extrudates, granules or other shaped

bodi es forned from a pulverulent material. It is
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As regards pressure and temperature, the reaction

conditions correspond to those known from the state of the

art. Thus the reaction temperature generally ranges from
0 to 90°C, the preferred temperature range being from 20 to

50°C. The pressure generally ranges from atmospheric
pressure or a slightly reduced pressure to about 10 MPa.
The reaction is preferably carried out at a pressure

ranging from 0.5 to 5 MPa.

Particularly advantageously, the process according to the
invention can be integrated into an overall process for
the oxidation of an organic substrate with hydrogen
peroxide. Accordingly, a process has been found for the
catalytic oxidation of an organic substrate from the group
comprising olefins, aromatic hydrocarbons which can carry
one or more substituents from the group comprising alkyl,

alkoxy and hydroxyl groups, and carbonyl compounds, with



The size of the particles in the fixed bed can vary

wthin wide limts and especially in the range from
w@:2@51108280 nm  When using m xtures of catal ytiP&i/ER2005/003933

active and inactive particles,}?t is also possible to

use catalytically active particles wwth a size ranging

from0.02 to 0.1 mm A small particle size leads to a
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react?on 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
corrosion 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 1in a stainless steel bubble column

reactor

The direct synthesis was carried out in a bubble column



steel cone into permanent contact with the gaseous
m xture passing through the reactor. The oxidation
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catal yst used was a m xture of
was 0.25 wt.%.

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

pressure of 5 MPa (50 bar) and a reaction temperature of

25°C. The liquid reaction medium used was methanol
containing 0.0002 mol/l of sodium bromide and 0.01 mol/1l
of sulfuric 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 cross-sectional loading of 0.6 m/h.

230 N1l/h of a gaseous mixture consisting of 3 vol.% of
hydrogen, 20 vol.% of oxygen and 77 vol.% of nitrogen were
simultaneously 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 no gas cushion formed inside the reactor.

After 24 h the H, conversion was 65%. The H;0, selectivity
based on the converted Hy was 74%. The Hy0, concentration

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



catalytically active netal particles and inert

particles. Catalytically active particles consisting
wo@p009508263 Pd and 5% of Au were_ prepared anal oPCI/EP3005/a03933

DE 199 12 733 . The inert matetPal used was gr anul ar

al pha-al um ni um oxi de from Cerantech AGw th the

reference "Stemal ox spray particles, fired, 0 - 0.5
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fraction was renoved fromthe granul es by sieving. The
very finely divided netallic catal yst powder was m xed
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gaseous m xture consisting of 3 vol. % of hydrogen, 20
vol . % of oxygen and 77 vol.% of nitrogen were
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concentration at the end of the reactor was 5.2 wt . %

The pal | adi unproductivity was 14.1 g H2Q2/ g Pd- h.
After 24 h the H; converslion was 69%. The H;0; selectivity

based on the converted H; was 70%. The Hy0, concentration

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

productivity was 13.7 g Hx0,/g Pdh.

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
those areas which had been in permanent 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 V4A
stainless steel (material 1.4571) or Hastelloy C4
(material 2.4610) test pieces with a central TiG weld
seam, which had been pickled with a mixture of HF and HNO;



When the experinent had run for 600 h , the reaction
was stopped and the reactor was enptied and exam ned

wo orosae828Dsi on of the reactor material. No corPOFEP2V05/003933
coul d be found in the reactionl%one or in the top part
of the reactor. Exanple 2 (Conparative Exanple) Direct
synthesis in a Hastelloy C trickle bed reactor Exanple
1 beeforree idet eckpexcienitshat a Hastelloy C4 (materi al
2.4610) trickle bed reactor of the sanme di mensions was
used, the liquid reaction nmedium and the gaseous
nmpsdamid Haing fed into the top end of the reactor.
After 24 h the H2 conversion was 69% The H20
selectivity based on the converted H was 70% The H2Q2
cQne j fr4 he react : 0 4
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seam which had been pickled wwth a m xture of HF and
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apRRANES ath 24211L260C pitthe nepiched diest WLW@sly 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 mol/l of NaBr and
0.0005 mol/l of HS04

Material | Test* |[Visually detectable | Erosion Erosion
corrosion g/d-m? mm/a

1.4571 c none 0.015 <0.001

1.4571 h isolated pitting 0.025 0.001
down to 40 um

2.4610 h extensive pitting 0.005 <0.001
down to 10 - 15 um

* ¢ = test pieces immersed, 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

H,0y, 0.001 mol/l of NaBr and 0.005 mol/l of HzSO4. The



were conpletely inmrersed (c) or half imersed (h) in a

nmet hanolic reaction mxture fromthe direct synthesis
waohioshog2ent ai ned 2. 20 wt. % of H20O2, 0. 0002 nol PAT/BP2005/003933

NaBr and 0.0005 nol/1 of H2SO17the nixture bei ng

stirred. After 14 days the test pieces were renoved

and visually exam ned for corrosion. They were then
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hydr ogen peroxi de sol ution by direct synthesis,

wherei n a non-expl osi ve gaseous m xture containing
whyasooeess and oxygen, and a liquid reacti on nmeRPCT/EP2005/003933

containing at |east one water-5%l ubl e organic solvent,

a brom de and/or iodide in a concentration of 10 6 to

10"2 nol/ kg and a strong acid in a concentration of
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aromat reactor and, during the reaction, the surface of the
stainless steel is at no point in permanent contact

with the gaseous mixture passing through the reactor.

2. Process according to Claim 1, characterized in that
the liquid reaction medium is passed over the fixed
bed with a cross-sectional loading of 0.3 to 20 m/h,
preferably of 1 to 10 m/h.

3. Process according to Claim 1 or 2, characterized 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 one of Claims 1 to 3,
characterized in that the organic solvent used is an
alcohol from the group comprising methanol, ethanol,
n-propanol and n-butanol, preferably methanol.

5. Process for the catalytic oxidation of an organic



hydr ocar bons whi ch can carry substituents fromthe
group conprising al kyl, al koxy and hydroxyl, and
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the catalyst. Process according to Caim6 ,
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titanium silicalites and vanadium, molybdenum and/or
tungsten compounds, characterized in that the organic
or agueous-organic hydrogen peroxide solution used,
especially the alcoholic hydrogen peroxide solution
used, has been obtained by a process according to one

of Claims 1 to 4.

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

of a titanium silicalite as the catalyst.

1
7. Process according to Claim 6, characterized in that

the olefin is propene.



