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(57) Zusammenfassung: Die Erfindung richtet sich auf eine Steigerung der Wirtschaftlichkeit des eine Hydrierstufe, eine Oxidati-
onsstufe und eine Extraktionsstufe umfassenden Anthrachinonverfahrens zur Herstellung von Wasserstotfperoxid. Erfindungsgemal3
wird das den Oxidationsreaktor mit einem Uberdruck verlassende Oxidationsabgas einem oder mehreren Gasstrahlern als Treibstrahl
zugefiihrt und damit Vakuum fir Hilfsprozesse, wie Trocknung der Arbeitslosung, Destillation der wassrigen Wasserstoffperoxidlo-
sung und Absaugung von Beatmungsgasen iiber Losungsmittellagertanks erzeugt.
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Process for the production of hydrogen peroxide

Description:

This invention relates to a process for the production of
hydrogen peroxide by the anthraquinone process and is
directed in particular to the use of the oxldation waste
gas as an energy carrier 1in va:ious processing steps of the

overall process.

‘Bs is generally known, in the so-called anthraquinone

process for producing hydrogen peroxide, a working

solution, which contains one or more anthraquinone

derivatives as reaction carriers dissolved in an organic
solvent or mixed solvent, is hydrogenated in the presence

of a suspension catalyst or of a fixed-bed catalyst. In

‘this hydrogenation step, at least part of the reaction

carrier is converted into the corresponding
anthrahydroquinone derivative. In the subsequent oxidation

step the hydrogenated working solution, freed from the

catalyst, is gassed with oxygen or with an oxygen-

containing gas, in most cases air, and the reaction carrier
1s converted back into the anthraquinone form, with the

- production of hydrogen peroxide. In the subsequent

extraction step, the hydrogen péroxide contained in the
oxidised working solution is extracted with water or with a

diluted aqueous hydrogen peroxide solution. The hydrogen

peroxide can also be recovered from the oxidised working
solution by means of a desorption process, instead of an
extraction. The recovered working solution is again
recirculated to the hydrogenation step.

In addition to the processing steps mentioned above, the

anthraquinone process includes a number of other processing
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steps, which are essential for an economically'efficient
operation. These include: concentration and purification of
the aqueous hydrogen peroxide solution obtained; drying of
the working solution recovered from the extraction step‘
prior to its being recirculated to the hydrogenation step;
regeneration of the working solution for the purpose of
converting into active components those components of the
reaction carrier which have become inactive and
regeneration of the hydrogenation catalyst for the purpose
of reactivating it. A summary of the anthraquinone-process,
which is included in the disclosure of the present
invention, may be found in Ullmann’s Encyclopedia of _
Industrial Chemistry, 5™ Ed., 1989, Vol. Al3, pages 447'-
457. .

The oxidation step is carried out in one or more serially
connected oxidation reactors, which are operated in a
cocurrent or countercurrent manner; a combination of the
two modes of operation is also known. Where the oxidation
step is carried out industrially, in particolar such |
measures are taken as will enable the residence time of the
working solution in the oxidation step to be kept as short
as possible, in order to minimise the extent of secondary
product'formation. Besides the citation given above;%
examples of methods of carrying out the oxidation step may
also be found in DE-Auslegeschrift 20 03 268 and in the US
Patent specifications 3,073,680 and 3,752,885.

According to WO 86/06710, the oxidation can be carried out
within a short period and with little technical expense by
intensively gassing the hydrogenated working solution with
an oxidising gas in a cocurrent reactor at temperatures of
below 100 °C and at excess pressures of below 15 bar, with

the formation of a coalescence-inhibited system, and by
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separating the coalescence-inhibited system, after 1t has
passed through the oxidation reactor or reactors, into a

liquid phase and an oxidation waste gas.

In the process just considered and in other oxldation
processes using air, the oxidation waste gas, before this
can be released into the atmosphere, is expanded and then
freed from organic constituents of the solvent 1n a waste-
gas purifier. The waste-gas purifiers are in particular
adsorption devices, such as adsorption towers, which are
filled with a suitable adsorbent material, such as
activated carbon or a natural or synthetic oxide or
siliceous adsorbent, including zeolites. Activated carbon
1s the preferred adsorbent material. Alternatively to this,
the oxidation waste gas can be purified by means of a
liquid absorber (gas washer) or by freezing out the organic

constituents.

As the oxidation reactors are operated using alr under
excess pressure, the oxidation waste gas also leaves the
oxldation reactors still at an increased pressure, even in
the case of a high conversion of the oxygen in the air.
Before the oxidation waste gas is passed to the waste-gas
purification step for the purpose of depleting it of
contained organic constituents, the waste gas, which has
generally been freed beforehand from dissolved constituents
in a condensation step, has to be largely or completely
expanded. Where activated carbon towers are used for the
purpose of waste-gas purification, these are cyclically
regenerated by desorbing the adsorbed solvent by means of

medium-pressure steam.
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As 1s known from DE 40 29 784 or from the previouSly cited
Ullmann reference (pages 453 - 454), the oxidation step can
be carried out frée from waste gas by using pure oxygen
instead of air, but this mode of operation 1s less

O economically efficient than the use of air. Accordingly,

the invention is not directed towards processes involving a

waste-gas free oxidation step.

A disadvantage of the known process for carrying out the
10 oxidation step using air with subsequent expansion and

purification of the oxidation waste gas 1s that a

considerable quantity of energy is destroyed during the
expansion. '

15 Accordingly, the object of the present invention is to
demonstrate a way whereby the energy contained in the
oXidation waste gas can be used in the overall process for
producing hydrogen peroxide and hence the economic “ '

efficiency of the process increased.

20

A further object is to lower the input of external energy

for producing the vacuum required at various points in the
anthraquinone process.

25 These objects, and others which will emerge from the

following description, are achieved by using the oxidation
waste gas under pressure as a propellant gas for one or
more gas jets and thereby drawing off the ventilator gas
accumulating at various points 1n the overall proCess

30 and/or producing a vacuum for various auxiliary processes.
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One field of application for the realisation of the
inventive idea is the production of a vacuum 1in a
distillation unit for concentrating aqueous hydrogen
peroxide. Hitherto, water-ring pumps or pumps operated by
other propellant medié, such as steam and cooling water,

have been used for vacuum production.

Another field of application for using the solution
according to the invention 1is the production of the vacuum
for the vacuum dryers by means of which the working
solution is dried prior to being recirculated to the
hydrogenatidn step. Here agailn, known vacuum units, such as

water-ring pumps and pumps operated by other media, such as

- steam, have hitherto been used for vacuum production.

Another field of application for the gas jet to be operated

according to the invention is the prevention of emissions
of solvent into the environment, by drawing off vapours at
various potential emission points within the production
plant, including ventilator nozzles of storage tanks
containing solvents and storage tanks containing working

- solutions, and passing them to a waste-gas purification
‘plant. ' '

Accordingly, the invention provides a process for the
production of hydrogen peroxide by the anthraquinone
process in a continuously operated production plant,
comprising

(1) a hydrogenation step, wherein an organic working
solution containing one or more anthraquinone derivatives
1s hydrogenated in the presence of a heterogeneous
catalyst,

(1i) an oxidation step, wherein the hydrogenated working
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solution is oxidised, with the formation of hydrogen
peroxide, by introducing an oxygen-containing oxidising
gas, 1n particular air, at an excess pressure P; of at
least 1 bar into an oxidation reactor and contacting it
with the working solution from step (i), withdrawing
oxidation waste gas from the oxidation reactor and
purifying it, as required, in a waste-gas purification
plant, and

111) a step for recovering the hydrogen peroxide from the
oxidised working solution, in particular an extraction
step, which is characterised in that the oxldation waste
gas, the excess pressure P, of which is less than P; but
greater than atmospheric pressure Py, is passed as a flow
of propellant gas to one or more gas jets'and thereby a
vacuum is produced for auxiliary processes required in the
anthraquinone process, in particular a vacuum for drying
the extracted working solution prior to the return of the
latter to the hydrogenation step and/or for distilling the
aqueous hydrogen peroxide solution and/or for drawing in
ventilator gaSes at emission points Qf'solvent'vapouré‘
within the production plant, including solvent‘storage

tanks.

The subclaims are directed towards preferred embodiments of
the process according'to the invention, including the use
0f the gas jets operated by oxidation waste gas for the
production of the vacuum for distillation columns for the
purpose of concentrating the aqueous hydrogen peroxide
solution, for drying the working solution coming from the
extraction step as well as for drawing off solvent-
containing gases from various emission points of the .
production plant. Depending on the actual embodiment of the
oxidation step and hence on the accumulated amount of

oxidation waste gas, the latter is used for the production
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of a vacuum for one, two or three of the above-mentioned

possible uses.

In prior art, electrically operated vacuum pumps or steam

manufacture of hydrogen peroxide. Whereas electrically
operated vacuum pumps require considerable maintenance and
in addition need electrical energy, steam jets require
little maintenance but consume steam and cooling water and
necessitate additional expensive peripheral units for
treatment of the condensate. In contrast to this, 1n the
process according to the invention, oxidation waste gas,
i.e. the residual reaction gas present in large quantities
from the oxidation step, 1is used as propellant gés for one
or more gas jets for the purpose of vacuum production and
the drawing-off, as necessary, of any solvent-containing
gases. No, or only a correspondingly decreased quantity, of
external energy is needed in order to produce the required
vacuum for a dryer, for drawing off organic vapours and/or
for one or more distillation columns. Moreover, the mixture
of the suction gas and the propellant gas can be freed from
organic constituents by environmentally safe means in the

waste-gas purification plant which is present in any case.

The oxidising gas used 1in the oxidation step is introduced
into the oxidation reactor at an excess pressure P; of at
least 1 bar, preferably 2 to 15 bar and particularly
preferably 2.5 to 5 bar. The oxidation waste gas leaving
the oxidation reactor is at a reduced excess pressure P,
corresponding to the degree of utilisation of the oxygen
contained in the oxidising gas and to the total loss of
pressure within the oxidation reactor. The excess pressure
P, of the oxidation waste gas 1s consequently less than the

excess pressure P; and is generally within the range of 1
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to 10 bar, preferably 1 to 5 bar and particularly
preferably 1.5 to 4 bar. Depending on the amount of
oxidation waste ga.s and on 1ts excess pressure P, one oOr
more gas jets can be operated and a vacuum produced for one

o or more of the above-mentioned possible uses.

Commercially available gas jets, which are also referred to
as jet pumps, injectors or gas compreSSOrs, may be used 1n
the process according to the invention. The design.of such

10 gas jets is well-known among experts:- The propéllant jet
1s expanded through a nozzle i1nto a larger mixing section,
simultaneously suction gas 1s drawn in from a suction port
and the mixture of suction gas and propellant gas is passed
to a pressure joint - see Ullmanns Enzyklop&ddie der

15 technischen Chemie, 4. Auflage (1973), Vol. 3, page 172, as
well as company publications by manufacturers of gas jet

pumps, for example, Korting Hannover AG.

The drying of the moist working solution leaving the

20 extraction,'which is at a temperature generally within the
range of 30 to 75 °C, in particular 40 to 60 °C, can be
carried out in simple drying apparatus. For’exémple, vacuum
tanks with or without baffles are suitable, but a tank
provided with a spray trap is preferred, or a short column.

25 A vacuum within the range of 10 to 300 mbar (absolute), in
particular 20 to 100 mbar (absolute) is produced in the '
dryer, using a gas jet operated by oxidation waste gas. The
mixture of the propellant gas and vapours drawn in is
passed to a waste-gas purifier, in particular to an

30 adsorption device comprising several activated carbon

towers.
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The distillation vacuum for one or more distillation
columns for concentrating aqueous hydrogen peroxide
solution is produced in a similar manner. The distillation
vacuum is generally within a range of 20 to 200 mbar, in
particular 50 to 150 mbar (in each case absolute). The
mixture of propellant gas and of previously preferably at
least partially condensed vapours 1s passed to the waste-
gas purifier, in order to retain there the organic
constituents coming from the propellant jet and to return

to the process after desorption.

In order to preVent emissions of solvent from storage-tanks'
filled with organic SOlVents or working solution, the
ventilator gases are safely drawn off by means of a gas jet
to be operated according to the invention and the gas
mixture is freed from organic constituents in a waste-gas
purifier. The suction pressure for drawing off ventilator
gases at vent connections is below atmospheric pressure,

in particular within the range of 400 to 900 mbar

(absolute) . o

The process according to the invention can be carried out

using working solutions known in prior art. These
preferably contain solvent mixtures of a first solvent,
which dissolves in particular anthraguinones, and of a
second solvent, which dissolves 1n particular the
anthrahydrogquinones. The anthraquinone derivatives acting
as reaction carriers are in most cases 2-alkyl-
anthraquinones and/or their ring-hydrogenated Z2-alkyl-beta-
tetrahydroanthraquinones, wherein the alkyl group is linear
or/and branched and contains 2 to 6 C atoms. It has also
peen found advantageous to use two different Z2-alkylanthra-

quinones and tetrahydroderivatives thereof as reaction
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carriers. For examples, reference may be made to the US
Patent 6,153,1609.

The essential advantages of the process according to the
invention are that it has been made possible to use the
energy of the pressure in the oxidation waste gas, prior to
the purification of the latter in the production process,
by operating gas jets and thereby producing the vacuum
required at various points in the overall process. The
introduction of external energy is thereby diminished.
Through the process according to the'invention, hydrogen
peroxide can be obtained in a more economically efficient

manner than has hitherto been possible.

The invention will be further explained by means of the

following Examples.

Example 1:_Drying of the working solution

A simple vacuum tank provided with a spray trap was'used as
a dryer. The moist working solution coming from the .'
extraction step was introduced into the upper part of the
apparatus and dried at a dryer vacuum of 50 mbar (absolute
pressure) and drawn off at the lower end of the apparatus.
Vapours, consisting of residual gases, water and solvent
cOmpOnents, were drawn at a rate of 49 kg/h from the dryer
by means of a commercially available gas jet and using
oxldation waste gas as propellant gas. A flow of propellant
gas at a rate of 7950 kg/h, having an absolute propellant
gas pressure of 2.1 bar, was used for the compression of
the vapours to 1050 mbar (absolute). The flow of propellant
gas required for this process was less than the total
quantity of the flow of oxidation waste gas, so that no
eXternal energy was needed for the compression of the

requlired suction flow.
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Example 2: Distillation of aqueous hydrogen peroxide

solution

A commercially available gas jet was set up for the
production of a distillation vacuum of 97 mbar (absolute) .
Vapours, consisting of residual gases, water and components
of the product, were drawn at a rate of 416 kg/h from the
distillation column in order to concentrate hydrogen
peroxide. Oxidation waste gas at a rate of 8915 kg/h and
having an absolute propellant gas pressure of 5 bar was
used as a flow of propellant for the'compression of these
vapours to 1050 mbar (absolute). This flow of propellant
gas was less than the available flow of waste gas; so that
no additional energy for the production of the.vacuum'had

to be introduced in this case either.

Example 3: Drawing off of solvent via solvent tanks

In order to prevent emissions of solvent, a commercially '
available gas jet having a suction pressure of 750 mbar
(absolute) was installed in order to draw off ventilator
gases from Vent connections of the solvent storage tanks 1in
the hydrogen peroxide plant. Vapours, consisting'of -
residual gases and solvent components, were drawn at a rate
of 400 kg/h from the apparatus connected on the suction
side. In order to compress these vapours to 1200 mbar
(absolute), the gas jet was operated using oxidation waste
gas as propellant gas, at a rate of 1390 kg/h and at an

absolute propellant gas pressure of 2.2 bar.
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Claims:

1. Process for the production of hydrogen peroxide by the
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anthraquinone process in a continuously operated
production plant, comprising

(i) a hydrogenation step, wherein an organic working
solution cohtaining one or more anthraquinone
derivatives 1s hydrogenated in the presence of a
heterogeneous catalyst,

(ii) an oxidation step, wherein the hydrogenated working
solution is oxidised, with the formation of hydrogen
peroxide, by introducing an oxygen-containing oxidising
gas, in particular air, at an excess pressure P; of at
least 1 bar into an oxidation reactor and contacting it
with the working solution from step (i), withdrawing
oxidation waste gas from the oxidation reactor and
purifying it, as required, in a waste-gas purification
plant, and

iii) a step for recovering the hydrogen peroxide from
the oxidised working solution, in particular an
extraction step, .

characterised in that

the oxidation waste gas, the excess pressure P, of which
1s less than P; but greater'than atmospheric pressure Py,
is passed as a flow of propellant gas to one oOr more gas
jets and thereby a vacuum is produced for auxiliary
processés required in the anthraquinone process, in
pafticular a vacuum for drying the extracted working
solution prior to the return of the latter to the
hydrogenation step and/or for distilling the aqueous
hydrogen peroxide solution and/or for drawing in
ventilator gases at emission points of solvent vapours
within the production plant, including solvent storage

tanks.

. Process according to claim 1,

characterised in that
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air or oxygen-enriched air is used as oxidising gas and
this gas is introduced into the oxidation reactor at an

excess pressure P; within the range of 2 to 15 bar.

. Process according to claim 1 or 2,

characterised in that

the oxidation waste gas leaving the oxidation reactor at
an excess pressure P, within the range of 1 to 10 bar 1s

passed, in the form of a propellant jet, to a gas jet.

. Process according to one of claims 1 to 3,

characterised 1n that '
in a dryer for drying the extracted working solution, a

dryer vacuum within the range of 10 to 300 mbar

(absolute), in particular 20 to 100 mbar (absolute), 1s

produced by means of a gas jet operated by oxidation
waste gas and the mixture of propellant gas and vapours

drawn in is passed to a waste-gas purifier.

. Process according to one of claims 1 to 3,

characterised in that

‘at the head of a distillation device for concentrating

aqueous hydrogen peroxide solution, a distillation _
vacuum within the range of 20 to 200 mbar (absolute) 1s
produced by means of a gas jet operated by oxidation
waste gas and the mixture of propellant gas and of
previOusly at least partially'condensed'vapours is

passed to a waste-gas purifier.

. Process according to one of claims 1 to 3,

characterised in that,

in order to prevent emissions of solvent from storage
tanks containing organic solvents or working solution,
ventilator gases are drawn off by means of a gas jet
operated by oxidation waste gas and having a suction
pressure within the range of less than atmospheric

pressure up to 400 mbar (absolute) and the mixture of
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propellant gas and gases drawn in 1s passed to a waste-
gas purifier.

. Process according to claims 1 to 6,

characterised in that

the mixture of propellant gas and withdrawn gases 1s
passed through a bed of an adsorbent material, in

particular activated carbon or a zeolite, in an

~adsorption plant and in the course of this is freed from

organic constituents.

. Process according to one of claims 1 to 7,

characterised in that

the oxidation waste gas is used to operate a first gas
jet for the purpose of drawing off solvent vapours from
storage tanks, and of a second and/or third gas jet for
producing the vacuum for the drying of the working

solution and/or of a distillation column.
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