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(57) Abréegée/Abstract:

The Invention proceeds from a redox device (10a-f), In particular a hydrogen-oxygen redox device, having at least one redox unit
(12a-f, 14e-f) which Is provided for carrying out at least one redox reaction with consumption and/or production of a first gas, In
particular hydrogen gas, and/or of a second gas, In particular oxygen gas.

It Is proposed that the redox device (10a-f) has at least one gas purification unit (20a-f) for freeing the hydrogen gas of
contamination by oxygen gas and/or freeing the oxygen gas of contamination by hydrogen gas.

AR .
ey . RN
et '\'l'.'.
AU ¥,
e [ [ [ 4
N
A

C an a d a http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02843671 2014-02-20

Abstract

The invention proceeds from a redox device (10a-f), 1n
particular a hydrogen-oxygen redox device, having at
least one redox unit (12a-f, 1l4e-f) which 1s provided

for carrying out at least one redox reaction with

consumption and/or production of a first gas, 1n
particular hydrogen gas, and/or of a second gas, 1n

particular oxygen gas.

It 1s proposed that the redox device (10a-f) has at
least one gas purification unit (20a-f) for freeing the
hydrogen gas of contamination by oxygen gas and/or
freeing the oxygen gas of contamination by hydrogen

gas.
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Redox device

Prior art

The invention relates to a redox device having at least

one redox unit for carrying out of least one redox

reaction with consumption and/or production of a first
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gas (hydrogen gas) and of a second gas (oxygen).

Redox devices having at least one redox unit
configured as fuel cell or electrolyzer according to
the prior art are flushed with an inert flushing gas,
usually nitrogen, after a shutdown i1in order to prevent
residual amounts of gases used, e.g. hydrogen and
oxygen, which remain in gas spaces of the redox unit

after shutdown, from coming into contact with one

another by diffusion and from being induced to form an
explosive mixture, for example a hydrogen/oxygen gas
mixture, 1in the redox unit, sailid mixture being
induceable to explode due to energy 1nput, 1n
particular when the redox unit 1s started up once
again, as a result of which the redox unit can be
damaged. Particularly in the case of the redox devices
which are being developed at present and which have a
redox unit configured as fuel cell and a redox unit
configured as electrolyzer, intended for <closed

operation as "regenerative fuel cell system", this

method cannot be used for preventing formation of

hydrogen/oxygen gas mixtures because of the necessity

of opening the system for flushing with inert flushing

gas.

It is, in particular, an objective of the 1invention to
provide a redox device which offers a high degree of

safety in respect of hazards due to hydrogen/oxygen
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gas mixtures, with the hydrogen/oxygen gas mixture
hazards occurring as a result of contamination of the
oxygen gas by hydrogen gas or contamination of the
hydrogen gas by oxygen gas. In accordance wilith the
present invention there 1s provided a hydrogen -
oxygen redox device having at least one redox unit
which is provided for carrying out at least one redox
reaction with at least one of consumption and
production of a first gas, the first gas being
hydrogen gas, and of a second gas, the second gas
being oxygen gas, characterized by at least one gas
purification wunit for freeing the first gas of
contamination by the second gas or freeing the second
gas of contamination by the first gas, wherein the at
least one gas purification unit comprises at least one
catalyst unit for catalyzing a reaction of oxygen gas
and hydrogen gas into water, whereln the at least one
catalyst unit has at least one catalyst element
consisting at 1least partly of a platinum metal and
wherein the at least one catalyst element 1s
implemented as a catalyst layer applied to a side of
at least one electrode of the at least one redox unit,

said side facing away from a reaction zone.

Advantages of the invention

The invention proceeds from a redox device, in
particular a hydrogen-oxygen redox device, having at
least one redox unit, 1n particular a hydrogen-oxygen
redox unit, which 1s provided for carryilng out at
least one redox reaction with consumption and/or

production of a first gas, 1n particular hydrogen gas,

and/or of a second gas, in particular oxygen gas. It
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is proposed that the redox device has at least one gas

purification unit for freeing the hydrogen gas oL

contamination by oxygen gas and/or freeing the oxygen

o

gas of contamination by hydrogen gas.

A "redox device" 1is to be understocd to mean, 1n
particular, an apparatus having at least one redox
unit. A "redox unit" 1s to be understood to mean a
unit having at least two electrodes, one of which

preferably is configured as a hydrogen electrode and

one of which 1is configured as an oxygen electrode,
with an electric circuilt connecting the two
electrodes, with at least one electrolyte arranged at
least between the two electrodes and/or with an
electrolyte-filled or ion-conducting membrane arranged
at least between the two electrodes, wherein a redox
reaction is carried out by means of the unit, i1n which
redox reaction, with release of energy in the form of
electric power which 1is released via the electric
circuit, the first gas is oxidized and the second gas
is reduced and these gases are converted 1n a reaction
into a product, preferably water, which 1s released
into the surroundings or a storage tank, or 1n which

redox reaction a starting
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material, preferably water, 1s dissociated 1nto a first

gas, preferably molecular hyvdrogen, and a second dJas,
preferably molecular oxygen, under release of energy 1in
rhe form of electric power and the first gas and the

second gas are discharged into the surroundings or 1nto

storage tanks, . In particular, the redox unit 1s
configured as a fuel cell in which molecular hydrogen,
preferably in the form of hydrogen gas, and molecular
oxygen, preferably in the form of oxygen gas, react Lo
form water with release of energy by generation of
electric power, and/or as an electrolyzer for hydrogen
and oxygen, in which water 1is dissociated 1nto

molecular oxygen and molecular hydrogen with uptake of

energy in the form of electric power. In principle,
another chemical substance which contains hydrogen
atoms and oxygen atoms can be used 1instead of water as
product or starting material. For example, the redox
unit can, instead of being configured as a hydrogen-
oxygen redox unit, be configured as a redox unilt for
other substances, which converts the other substances
in a redox reaction similar to the redox reaction of
the hydrogen-oxygen redox unit, for example as a carbon
monoxide-oxygen redox unit which converts carbon
monoxide and oxygen gas 1into <carbon dioxide @ Or
dissociates carbon dioxide into carbon monoxide and
oxygen gas. A “redox reaction” 1s to be understood to
mean, in particular, a reaction in which at least two
chemical substances react with one another, with at
least one chemical substance releasing electrons and
thus being oxidized and at least one chemical substance
taking up electrons and thus being reduced. “Hydrogen
gas” 1is to be understoocd to mean, 1n particular,
hyvdrogen in molecular form which 1s present as gas.
“Oxygen gas” is to be understood to mean, in

particular, oxygen in molecular form which 1s present

as gas.
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n particular, the redox device can be configured as a

regenerative fuel cell system having at least one fuel
cell and at least one electrolyzer for hydrogen and
oxygen coupled to the at least one fuel cell, wherein,
in a charging process to store energy 1in the
regenerative fuel cell system Dby means of external
electric power, the at least one electrolyzer for
hydrogen and oxygen dissociates water from a water
stock into molecular hydrogen and molecular oxygen, the
molecular hydrogen and the molecular oxygen each are
discharged into storage tanks and, 1n a discharging
process for release of energy as electric power,
molecular hydrogen and molecular oxygen are converted
in the at Jleast one fuel <c¢ell 1into water. The
regenerative fuel cell system thus perrorms a function

of an accumulator. In particular, the regenerative fuel

cell system can be configured for closed operation. FoOr
the purposes of the present invention, “closed
operation” is to be understood to mean, in particular,
operation in which the regenerative fuel cell system 18

operated over a plurality of charging-discharging

cycles without exchange of material with surroundings.
“Operation without exchange of material with
surroundings” means, 1n particular, that the
regenerative fuel cell system 1s equipped with an
initial stock of water and/or molecular oxygen and/or
molecular hydrogen in storage tanks, and only the
initial stock of water and/or molecular oxygen and/or
molecular hyvdrogen is converted over the plurality of

charging-discharging cycles, and replenishment of the

In particular,

initial stock does not take place.
removal of the storage tanks 1s not provided 1n an
operation without exchange of material with the
surroundings. An ‘“electrolyte” is to be understood to
mean, in particular, an 1on-conducting material,
preferably in the form of a solution, for example an

alkaline solution. A “gas purification unit” 1s to be
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understood to mean, in particular, a unit which frees a
gas of impurities, 1in particular of solids oOr foreign
gases, for example by filtration oxr Dby conversion of
the foreign gas into a liguid or solid form, whereln a
chemical reaction can be used for the conversion. The
gas purification unit for freeing the hydrogen gas ot
impurities due to oxygen gas and/or freeing the oxygen
gas of impurities due to hydrogen gas is preferably at
least partly arranged on and/or in a gas space oL a
redox unit and very particularly preferably within an

interior region of the redox wunit, which interior

region is surrounded by cell walls. It 1is possible to
achieve, in particular, a redox device having a high
degree of operating safety and a reduced cost of
operation by dispensing with a stock of inert flushing

gas and with passage of inert flushing gas.

Furthermore, it is proposed that the at least one redox

unit be configured as a fuel cell. It 1is possible to
achieve, 1in particular, a fuel cell having a high
degree of operational safety and a reduced cost of
operation by dispensing with a stock of 1inert flushing
gas and with passage of inert flushing gas.

It is also proposed that the fuel cell be configured as

an alkaline fuel cell. For the purposes of the present

invention, an “alkaline fuel cell” is, in particular, a

fuel cell which  uses an alkaline solution, in
particular a potassium hydroxide solution, as
electrolyte. Use of other alkaline solutions, for

example hydrazine, as electrolyte is likewise possible.

The hydrogen electrode and the oxygen electrode

preferably consist at least partly of nickel. It 18
possible to achieve, in particular, an alkaline fuel
cell having a high degree of operational safety and a
reduced cost of operation by saving of a stock of 1inert

flushing gas and passage of inert flushing gas.
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Furthermore, it is proposed that the at least one redoxX

unit be configured as electrolyzer for producing

hydrogen gas and/or oxygen gdgas. In particular, the
electrolyzer is configured as an alkalilne electrolyzer

which uses an alkaline solution, 1in particular a

potassium hydroxide solution, as electrolyte. It 1s
possible, in particular, to achieve an electrolyzer for
producing hydrogen gas and/or oxygen gJgas having a high
degree of operational safety and a reduced outlay 1n
terms of apparatus by saving of a stock of inert

flushing gas and passage of inert flushing gas.

t 1is also proposed that the at least one gJgas
purification unit comprise at least one recombination
catalyst unit for the recombination of oxygen gJdas and
hydrogen gas to water. For the purposes of the present
invention, a “recombination catalyst unit” 1s to be
understood to mean, in particular, a unit which 1s

provided for catalyzing recombination of hydrogen and

oxygen at an 1intended place. n particular, the

recombination catalyst unit makes available at least

one surface at which molecular hydrogen and molecular

In particular, the

oxygen can react to form water.
recombination catalyst unit is arranged at least partly
at and/or 1in a gas space of a redox unit and very

particularly preferably within an interior region

surrounded by walls in the redox unit. In particular,
the recombination catalyst unit 1s at least partly
arranged within a gas flow from a gas store to a
reaction zone of the redox unit and/or within the redoX
unit, preferably within the interior region surrounded
by walls in the redox unit. A “reaction zone” 1s to be
understood to mean, in particular, a contact reglon
between the hydrogen electrode and the electrolyte
and/or the membrane or between the oxygen electrode and

the electrolyte and/or the membrane, at which contact
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region water is dissociated into hydrogen and/or oxygen

or hydrogen and oxXygen are synthesized 1nto water. It
19 possible, in particular, Lo achieve a gas

purification unit which requires low apparative 1input.

Furthermore, 1t 1s proposed that the recombination

catalyst unit has at least one catalyst element which

consists at least partly of a platinum metal. In

particular, the at least one catalyst element at least
partly has a coating of a platinum metal on at least
one surface. The at least one catalyst element can 11
principle also consist entirely of a platinum metal
and/or a plurality of platinum metals. A “platinum
metal” 41is to be understood to mean, 1in particular,
platinum or other noble metals which display chemical
hehavior similar to platinum, in particular the metals
ruthenium., rhodium, palladium, osmium and iridium. In

particular, nickel and darmstadtium as elements of the

platinum group are different from platinum metals. It

is possible to achieve, 1n particular, a chemically

resistant catalyst element having a high catalysis

activity.

It 1is also proposed that the at least one catalyst

element be implemented as a catalyst layer applied to a
side of at least one electrode of the at least one
redox unit facing away from a reaction zone. A
“reaction zone” 1is to Dbe understood to mean, in
particular, a region of the at least one electrode at
which a reaction of hydrogen and oxygen to form water

molecules and/or electrolytic dissociation of water

molecules into hydrogen and oxygen takes place. In
particular, the catalyst layer applied to the side of
4t least one electrode of the at least one redox unit
facing away from the reaction zone 1s different from a

catalyst layer of the at least one electrode, which
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unit. In particular, application of the catalyst layer

to the side of at least one electrode facing away from
a reaction zone 1s specifically 1ntended to remove
oxygen gas which leaves the reaction zone and
penetrates into a gas space which is separate from the
reaction zone and contains hydrogen gas and there
represents a hydrogen/oxygen gas mixture hazard, and/or
to remove hydrogen gas which penetrates 1nto a gJas
space separate from the reaction zone and contains
oxygen gas and there represents a hydrogen/oxygen gas
mixture hazard, by catalyzed recombination to form
water on entry into and/or residence in the gas space,

which cannot be achieved by means of a catalyst layer

in the reaction zone. It 1s possible to achieve, 1in
particular, a gas purification wunit which has an
advantageously close arrangement at a zone 1in which
hydrogen gas or oxygen gas 1is formed, and/or at an

entry zone into a reaction region, and provides a high

degree of operational safety of the redox device.

——

In a further development of the invention, 1t 1S

proposed that the at least one catalyst element has a
cavity structure. A “cavity structure” 18, in
particular, to be understood as a structure which has
at least one hollow space, preferably a plurality of
cavities, through which the gases can diffuse and/or

flow from one sgide of the structure to another side of

the structure. In particular, the plurality of cavities
1is formed by pores. The catalyst element having a
cavity structure can in principle also have cavities

configured as channels and/or a lattice network

structure. Internal gsurfaces of the cavities are

particularly preferably provided with a <catalytic

coating of a platinum metal. It 1s ©possible, in
particular, to achieve a catalyst element having a high
proportion of catalytically active surface and thus a

high purifying performance.
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Furthermore, 1t 1s proposed that the at least one
catalyst element be arranged at a gas space of the at
least one redox unit, which gas space adjoins at least
one electrode of the at least one redox unit. For the
purposes of the present invention, a %“gas space of a
redox unit” is to be understood to mean, 1in particular,
a space within the redox unit which 1s bounded by an
exterior wall of the redox unit, openings 1in the
exterior wall for inflow or discharge of products
and/or starting materials, 1in particular hydrogen gas

and/or oxygen gas, and the hydrogen electrode or the

oxygen electrode. It is ©possible to achieve, 1in
particular, an advantageously close arrangement of the
at least one catalyst element to a reaction zone and to

gases formed in and/or entering the reaction zone.

Furthermore, it 1s proposed that the redox device has
at least one further redox unit which 1s coupled to the
at least one redox unit so as to allow exchange of
material. For the purposes of the present inventlion,
“coupled” means, 1n particular, that products of the at
least one redox unit are utilized as starting materials
for the at least one further redox unit and products of
the at least one further redox unit are utilized as
starting materials for the one further redox unit,
and/or that the at 1least one redox unit and the at
least one further redox unit have a Jjoint starting
material stock and/or product stock and a stream of

starting materials 1s introduced 1nto a plurality of

redox units having the same type of structure. It 1is

possible, 1in particular, to achieve utilization of
incompletely reacted starting materials or provide a
regenerative fuel cell system.

It 1s also proposed that the at least one redox unit

and the at least one further redox unit be configured
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as a fuel cell-electrolyzer pair. In particular, the at

least one redox unit and the at least one further redox

unit thus form a regenerative fuel cell system. It 1s
possible, 1in particular, to achleve an accumulator

function of the redox device.

Furthermore, it 1s proposed that at least one gas flow
from the at least one redox unit to the at least one

further redox unit or from the at least one further

redox unit to the at least one redox unit be purifiled
by means of the at least one gas purification wunit
before leaving the at least one redox unit or the at
least one further redox unit. For the purposes of the
present invention, “leaving a redox unit” means, 1in
particular, exit from a gas space, preferably a gas
space enclosed by a cell frame of the redox unit, 1into
a line which preferably leads to a storage tank or
recirculates excess, unreacted starting gases back 1into
an inlet line 1into the gas space. “Purification before

leaving a redox unit” means, 1n particular, that the

contamination by foreign and residual  gases 18
eliminated by means of the gas purification unit within

a gas space of the redox unit, preferably on entry into

the gas space. It 1s possible to achieve, 1in

particular, a high degree of operational safety.

Furthermore, it 1s proposed that at least one gas flow
from the at least one redox unit to the at least one
further redox unit or from the at least one further
redox unit to the at least one redox unit be purified
by means of the at least one gas purification unit
before leaving the at least one redox unit or the at
least one further redox unit. For the purposes of the
present invention, “purification on leaving a redox
unit” means, 1n particular, that at least one element
of the gas ©purification wunit 1s arranged 1n a

transition region from the gas space to a line leading
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to a storage tank. It 1s possible to achieve, 1n

particular, a high degree of operational safety.
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Drawings

Further advantages can be derived from the following
description of the drawings. The drawings show si1X
exemplary embodiments of the invention. The drawings,

the description and the claims contain numerous

features in combination. A person skilled 1in the art

will] advantageously also look at the features

individually and combine them to give expedient further

combinations.

The figures show:

Figure 1 a redox device according to the inventilon
having a redox unit configured as alkalilne
fuel cell and having a gas purification unit
which has a recombilnation catalyst unit
comprising catalyst elements which are
configured as a catalyst layer applied to a
side of electrodes facing away from a

reaction zone,

Figure 2 an alternative redox device having a redox
unit configured as electrolyzer and having a
gas purification unit which 1s configured as

in the preceding exemplary embodiment,

Figure 3 a further redox device according to the

invention having a redox unit configured as
alkaline fuel cell and having a gas
purification unit which has a recombination
catalyst unit comprising catalyst elements

arranged in an outlet from a gas space,

Figure 4 a further redox device according to the
invention having a redox unit configured as

electrolyzer and having a gas purification
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unit which is configured as 1in the preceding

exemplary embodiment,

Figure 5 a redox device according to the 1nvention
having a redox unit configured as alkalilne
fuel cell, a redox  unit configured as
electrolyzer which is coupled so as to allow
exchange of material to the alkaline fuel
cell, and having a gas purification unit

configured as in Figure 1 and Figure 2, and

Figure 6 a further redox device according to the

invention having a redox unit configured as

alkaline fuel cell, a redox unit configured
as electrolyzer which 1s coupled so as to
allow exchange of material to the alkaline
fuel cell, and having a gas purification unit

configured as in Figure 3 and Figure 4.

Description of the exemplary embodiments

Figure 1 shows a redox device 10a according to the
invention which 1is configured as hydrogen-oxygen redoxX
device and has a redox unit 12a which 1s configured as
hydrogen-oxygen redox unit and is provided for carrying
out at least one redox reaction consuming hydrogen gas
as a first gas and oxygen gas as a second gas and
comprises an electrode 42a configured as hydrogen

electrode, an electrode 44a configured as oxXygen

electrode and an electrolyte-filled membrane 38a
located 1in between. The electrodes 42a, 44a are
implemented as nickel electrodes. The redox unit 12a 1s
configured as a fuel cell 16a, in fact an alkaline fuel
cell 1l6a 1n which an electrolyte with which the

membrane 38a 1s filled is formed by a potassium

hydroxide solution. In the fuel cell 16a, hydrogen gas
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and oxygen gas are reacted to form water by means of a
redox reaction at the electrodes 42a, 44a, releasling
energy 1in the form of electric current which flows
through a power consumer 34a arranged 1in an electric
circuit between the electrodes 42a, 44a. Closure of the
electric circuit 1s achieved by charge transport via

the electrolyte-filled membrane 38a. The fuel cell 1lé6a

is operated at an operating temperature 1n the
temperature range from 80 to 200 degrees Celsius. To
heat the fuel cell 16a to operating temperature, the
fuel cell 16a has a heating unit 78a in which liquid
for heat transport flows. Furthermore, heat of reaction
evolved on operation of the fuel <cell 16a can Dbe
transported away by means of the heating unit 78a 1in

order to avoid overheating of the fuel cell 16a.

The redox device 10a has a gas store 82a which 1s
connected to the redox unit 12a configured as alkaline
fuel cell 16a via a 1line 62a and has a stock of
hyvdrogen gas, and a gas store 84a which 1s connected to
the fuel cell 16a via a line 64a and has a stock of
oxygen gas. Hydrogen and oxygen are present 1n the gas
stores 82a, 84a as pure gases 1n molecular form. A gas
flow 70a of hydrogen gas 1s conveyed from the gas store
82a through the line 62a into a gas space 54a which 1s
bounded by a cell frame 90a of the redox unit 12a and
by the electrode 42a configured as hydrogen electrode,
and from which gas space 1t 1s passed through the
electrode 42a 1into a reaction zone 50a formed by a

contact zone of membrane 38a and electrode 42a. In the

reaction zone 50a, a redox reaction of hydrogen
molecules of the hydrogen gas with hydroxide 1ions to
form water takes place, in which electrons are released

and flow as an electric current via the power consumer

34a and release energy 1n the process. Excess hydrogen
gas 1s discharged in a gas flow 74a via a line 63a,

with the excess hydrogen gas being able to Dbe
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recirculated again to the fuel cell 1l6a. Oxygen das 1s
correspondingly introduced in a gas flow 72a via the
line 64a 1into a gas space 56a and goes through the

electrode 44a 1into a reactlion zone b5la formed Dby a

contact zone of membrane 38a and electrode 44a. In the

reaction zone 65la, the oxygen gas 1s reduced together

with water, which originates, for example, from the
potassium hydroxide solution or has been previously
produced in the fuel cell 16a, in a redox reaction and
converted with uptake of electrons into hydroxilde 1ons.
An overall reaction 1in the reaction =zones 50a, 5la
produces water since more water molecules are produced
in the reaction =zone ©50a than are reacted 1n the

reaction zone 5la with oxygen gas to form hydroxide

ions. Excess oxygen gas 1s discharged via a line 65a
into a gas flow 76a. Water formed 1s discharged as
reaction product in the form of water vapor via the gas

flows 74a, 76a.

The redox device 10a according to the invention has a
gas purification unit 20a for freeing the hydrogen gas
as first gas of impurities by means of the oxygen gas
as the second gas, and/or freeing the oxygen gas as
second gas of impuritilies by means of hydrogen gas as
the first gas. Contamination of the hydrogen gas by
oxygen gas and of the oxygen gas by hydrogen gas can
occur, 1in particular, during a rest state of the redox
unit 12a of the redox device 10a by residual gases
remaining 1in the gas spaces b54a, b5Ltéa and 1n the
reaction zones 50a, 51la diffusing through the membrane
38a of the redox unit 12a. The gas purification unit
20a comprises a catalyst unit 22a for catalyzing a
reaction of oxygen gas and hydrogen gas to water, which
catalyst unit 22a has two catalyst elements 26a, 28a
consisting partly of a platinum metal. The catalyst
elements 26a, 28a are each configured as a catalyst

layer applied to a side of the electrodes 42a, 44a 1n
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the redox unit 12a configured as alkaline fuel cell
16a, sald side facing away from the reaction zone 50a,
5la. The catalyst layer consists of a platinum layer to
which hydrogen and oxygen are bonded, as a result of

which a reaction of hydrogen and oxygen to form water

is catalyzed. Instead of a catalyst layer composed of
platinum, it is also possible to apply a catalyst layer
composed of another platinum metal, for example
palladium, ruthenium or iridium. The arrangement of the
catalyst elements 26a, 28a in each case on the side of
the electrodes 42a, 44a facing away from the reaction

zone 50a, 5la enables removal of contamination by

foreign gases exiting from the reaction zone 50a, b51la

and entering the gas spaces 54a, b56a. Endangering of
the fuel cell 16a by hydrogen/oxygen gas mixture
formation 1is thus avoided. Furthermore, waste heat of
reaction released by recombination of hydrogen and
oxygen 1s released directly at the electrodes 42a, 44a

and 1s utilized for heating the redox unit 12a, as a

result of which energy consumption for heating the
redox unit 12a to operating temperature can be reduced.

In a method for operating a redox device 1l0a, gas flows

74a, 76a are thus purified by means of the gas

purification unit 20a before leaving the gas spaces

54a, bH6a.

Five further exemplary embodiments of the invention are
shown 1n Figures 2 to 6. The following descriptions and
the drawings are essentially restricted to the
differences between the exemplary embodiments, where
with regard to components having the same designation,

in particular with regard to components having the same

reference numerals, reference can 1n principle also be
made to the drawings and/or the description of the
other exemplary embodiments, 1in particular Figure 1. To
distinguish the exemplary embodiments, the letter a 1s

placed after the reference numerals for the exemplary
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embodiment in Figure 1. In the exemplary embodiments ot

Figures 2 to 6, the letter a 1s replaced by the letters
b to f.

Figure 2 shows an alternative embodiment of a redoxX
device 10b according to the invention having a redoX
unit 12b provided for carrying out a redox reaction
consuming and/or producing a first gas implemented as

hydrogen gas and a second gas 1mplemented as oxygen

gas, and having a gas purification unit 20b for freeing
the hydrogen gas of contamination by oxygen gas and
freeing the oxygen gas of contamination by hydrogen
gas. The redox unit 12b 1s configured as electrolyzer
18b for producing hydrogen gas and/or oxygen gas, which
for this purpose electrolytically dissociates water.
The electrolyzer 18b 1s configured as an alkaline
electrolyzer 18b. A structure of the redox unit 12b 1s
essentilially analogous Lo the previously shown
structure. Since energy in the form of electric power

is required for dissociating the water, a power source

36b configured as a DC voltage source 1s arranged 1in an
electric circult so as to supply this electric power.
The hydrogen gas formed in a reaction zone 50b 1n a
contact region of an electrode 42b and an electrolyte-

filled membrane 38b enters a gas space 54b and 1s from

there conveyed in a gas flow 70b through a line 62b
into a gas store 82b. Correspondingly, oxygen gJdas

formed in a reaction zone 51b in a contact region of an

electrode 44b and the electrolyte-filled membrane 38b
1s conveyed via a gas space 56b and a line 64b as a gas
flow 72b into a gas store 84b. A potassium hydroxide

solution 1s 1likewlise used as electrolyte. The gas

purification unit 20b of the redox device 10b likewilse
comprises a catalyst unit 22b for catalyzing a reactilion
of oxygen gas and hydrogen gas into water, which has
two catalyst elements 26b, 28b which consist partly of
a platinum metal. The catalyst elements 26b, 28b are,
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as 1n the above example, each configured as a catalyst
layver of platinum applied to a side of the electrodes
42b, 44b facing away from the reaction zone 50b, 51b 1n
the electrolyzer 18b. In a method for operating a redox
device 10b, gas flows 70b, 72b are thus purified by
means of the gas purification unit 20b before leaving

the gas spaces 54b, 56b. Furthermore, waste heat of

reaction released by recombination of hydrogen and

oxygen 1s released in the gas spaces 54b, 56b and 1s

utilized for heating the redox unit 12b, as a result ot
which the energy consumption for heating the redox unit

12b to operating temperature can be reduced.

Tn a further embodiment of a redox device 10c according

to the invention having a redox unit 12c¢ provided for
carrying out a redox reaction with consumption of a
first gas i1mplemented as hydrogen gas and a second Jgas
implemented as oxygen gas, and having a gas
purification unit 20c for freeing the hydrogen gas of
contamination by oxygen gas and freeing the oxygen gas
of contamination by hydrogen gas, the redox unit 12c

1s, as in the first exemplary embodiment, configured as

fuel cell 16c, more precisely as alkaline fuel cell 16cC

(Figure 3). The redox device 10c¢ differs from that
shown 1in the first exemplary embodiment by a design of
the gas purification unit 20c. The gas purification
unit 20c comprises a catalyst unit 22c¢c to catalyze a

reaction of oxygen gas and hydrogen gas to water, which

has two catalyst elements 26c, 28c which consist partly

of a platinum metal. The catalyst elements 26c, 28cC
each have a cavity structure 1mplemented as a pore
structure in a support material, with surfaces of the
pore structure being provided with a catalyst coatiling

composed of platinum or another platinum metal. When

yr—u

gas passes through the pore structure of the catalyst

elements 26c, 28c, a high purification efficilency 1s

achieved as a result of a large catalytically active
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surface due to the pore structure. The catalyst
elements 26c, 28c are each arranged 1n outlets from gas
spaces 54c¢, 56c to lines 63c, 65c¢c which convey excess

hydrogen gas and oxygen gas 1in gas flows 74c, 76c out

of the gas spaces 54c, 56c. In a method for operating
the redox device 10c¢, gas flows 74c¢, 76cCc are thus
purified by means of the gas purification unit 20c on

T

leaving the gas spaces 54c, 56c. In alternative

embodiments of the gas purification unit 20c¢, 1t 1s
conceivable, for example, to arrange the catalyst
elements 26c, 28c having cavity structures within the
gas spaces 54c, 56c and, in a method for operating the
redox device 10c, to purify gas flows 74c, 76cC by means
of the gas purification unit 20c before they leave the

gas spaces 54c, b6cC.

In a further embodiment of a redox device 10d according

to the invention having a redox unit 12d which 1s
provided for carrying out a redox reaction with
production of a first gas i1mplemented as hydrogen gas
and a second gas implemented as oxygen dgas, the redox
unit 12d 1s, as 1in the second exemplary embodiment,
configured as electrolyzer 18d, more preclsely as
alkaline electrolyzer 18d, for producing hydrogen gas
and/or oxygen gas (Figure 4). The redox device 10d
comprises a gas purification unit 20d for freeing the
hydrogen gas of contamination by oxygen gas and for
freeing the oxygen gas of contamination by hydrogen
gas, which comprises a catalyst unit 22d for catalyzing
a reaction of oxygen gas and hydrogen gas into water.
The catalyst unit 22d has two catalyst elements 26d,
28d which consist partly of a platinum metal and are,
as 1n the previous exemplary embodiment, configured as
cavity structures having platinum-coated surfaces. The
catalyst elements 26d, 28d are located 1in outlets of
gas spaces 54d, 56d to lines 62d, 64d which lead to gas
stores 82d, 84d, so that gas flows 70d, 72d are
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purified by means of the gas purification unit 20d on

leaving the redox unilit 12d.

In a further exemplary embodiment of a redox device 1l0e

—

according to the invention having a redox unit 1Ze
provided for carrying out a redox reaction with
consumption of a first gas 1mplemented as hydrogen gas
and a second gas implemented as oxygen gas, the redox
device 10e comprises a further redox unit 1l4e which 1s
coupled to the redox unit 12e (Figure 5)so as to allow
exchange of material. The redox wunit 12e and the
further redox unit 1l4e are configured as a fuel cell-
electrolyzer pailr, with the redox unit 12e Dbeing
configured as an alkaline fuel cell 16e and the redox
unit 1l4e being configured as an alkaline electrolyzer
18¢. The redox device 10e 1s thus configured as a
regenerative fuel cell system 1in which hydrogen gas and
oxyvgen gas produced with consumption of energy 1in the
electrolyzer 18e and stored 1n gas stores 82e, 84e are

reacted to form water under release of energy 1n

further operation of the fuel cell 1led. In particular,
in a method for operating the redox device 10e
according to the invention, the redox device 10e 1s
operated 1n closed operation, and therefore
replenishment of an 1initial stock o©f hydrogen gas,
oxygen gas and water 1n the gas stores 82e, 84e and a
water store 86e and also the redox unit 12e and the

further redox unit 1l4e 1s not carried out. Alternate

operation of the electrolyzer 18e and the alkaline fuel
cell 16e enables the redox device 10e to assume an

accumulator function.

A water flow 94e 1s fed from a water store 86e vlia a

line 68a to a membrane 40e, which 1s filled with a

potassium hydroxide solution, of the further redox unit

l4e which 1s configured as alkaline electrolyzer 18e.

In reaction zones 52e, 53e, at which the membrane 40e
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and electrodes 46e, 48e adjoin one another, hydrogen
gas and oxygen gas are produced. The hydrogen gas
produced in the reaction zone 52e at the electrode 46e
passes through the electrode 46e 1nto a gas space 58e
of the electrolyzer 18e and is discharged in a gas flow
74e via a line 66e into the gas store 82e. The hydrogen
gas produced in the reaction zone 53e at the electrode
48e passes through the electrode 46e 1nto a gas space
60e and is discharged in a gas flow 76e via a line 67e
into the gas store 84e. Hydrogen gas from the gas store
82e 1s conveyved in a gas flow 70e vilia a line 62e 1nto a
gas space 54e of the redox wunit 12e configured as
alkaline fuel cell 16e and oxygen gas 1s analogously

conveyed in a gas flow 72e via a line 64e 1into a gas

space 56e. Excess hydrogen gas 1s fed back 1n a gas
flow 75e through a line 63e to the fuel cell 16e 1n a
circuit, while excess oxygen gas 1s fed back 1n a gas
flow 88e through a line 65e to the fuel cell 16e 1n a
circuit. To regulate the introduction and discharge of
gases, all lines 62e, 63e, 64e, 65e, 66e, 67e, 68e are
equipped with wvalves. The redox unit 12e and the
further redox unit 1l4e are connected via the gas store
82e and the lines 62e, 63e, 66e and via the gas store
84e and the lines 64e, 65e, 67e. Gas flows 70L&, 74f and

gas flows 72f, 76f flow from the further redox unit 1l4e

to the redox unit 12e. In the fuel cell l6e, oxygen gas
and hydrogen gas are converted in a known manner 1into
water, at an electrode 42e and a membrane 38e 1n a
reaction zone 50e and at an electrode 44e and the
membrane 38e 1n a reaction zone 51le, to produce energy

which 1s utilized by a power consumer 34e. The redox

unit 1l2e has a heating unit 80e, and the further redox

unit 1l14e has a cell frame 92e.

The redox device 10e according to the i1nvention has a
gas purification unit 20e which comprises a catalyst

unit 22e which 1s arranged 1in the redox unit 12e and a
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catalyst unit 24e which 1s arranged 1n the further
redox unit 1l4e. The catalyst unit 22e has two catalyst

elements 26e, 28e consisting of platinum and, as 1n the

first exemplary embodiment, are configured as a
catalyst layer applied to a side of the electrodes 42e,
44e facing away from the reaction zone 50e, 5le. The
catalyst unit 24e correspondingly has two catalyst
elements 30e, 32e consisting of platinum and which are,

as 1n the second exemplary embodiment, configured as a

catalyst layer applied to a side of the electrodes 46e,

48e facing away from the reaction zone 52e, 53e. In a
method for operating the redox device 10e according to
the invention, gas flows 70e, 72e, 74e, 76e from the
further redox unit 14e configured as electrolyzer 18e
to the redox unit 12e are thus purified 1n the above-

described manner by means of the gas purification unit

20e before leaving the further redox unit 1l4e.
Furthermore, 1n the method for operating the redoX
device 10e according to the invention, gas flows 75e€,
88e to the gas stores 82e, 84e are purified by means of
the gas purification unit 20e before leaving the redox

unit 1l2e.

Figure 6 shows a further alternative redox device 10f
according to the invention having a redox wunit 12f
which 1is provided for carrying out a redox reaction
with consumption of a first gas i1mplemented as hydrogen
gas and a second gas implemented as oxygen gas, having

a further redox unit 14f which 1s coupled, so as to

allow exchange of material, to the redox unit 12f, and

p—

having a gas purification unit 20f which comprises a

catalyst unit 22f arranged in the redox unit 12f and a
catalyst unit 24f arranged in the further redox unit

14f. The redox unit 12f and the further redox unit 14f
are configured as a fuel cell-electrolyzer palr, wilith
the redox unit 12f being configured as an alkaline fuel

cell 16f and the redox unit 14f being confiligured as
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electrolyzer  18f. The exemplary embodiment  shown
differs from the previous exemplary embodiment 1in a
design of catalyst elements 26f, 28f, 30f, 32f of the
catalyst wunits 22f, 24f, which each have a cavity
structure having platinum-coated surfaces. The catalyst
elements 26f, 28f of the catalyst unit 22f are arranged
in outlets from gas spaces 54f, 56f, 58f, 60f to lines
63f, 65f, 66f, 67f to gas stores 82f, 84f. In a method

for operating the redox device 10f according to the
invention, gas flows 70f, 72f, 74f, 76f from the
further redox unit 14f to the redox unit 12f are thus
purified by means of the at least one gas purification
unit 20f on 1leaving the further redox unit 14f£.
Furthermore, 1n a method for operating the redox device

10f according to the invention, gas flows 75f, 88f are

purified by means of the gas purification unit 20f on
leaving the redox unit 12f, with i1n each case hydrogen
gas 1n the gas flows 74f, 75f and thus also 1in the gas
flow 70f being freed of contamination by oxygen gas,

and oxygen gas in the gas flows 76f, 88f and thus also

in the gas flow 72f being freed of contamination by

hydrogen gas. In principle, a further 1increase 1n
operational safety can, 1n further alternative
embodiments, also be achieved by arrangement  of

catalyst elements 26f, 28f 1n lines 62f, 64f or at
inlets of the lines 62f, 64f into gas spaces 54f, 56f,
or catalyst layers can be applied to sides of the
electrodes 42f, 44f, 46f, 48f facing away from reaction
zones 50f, 51f, 52f, 53f.
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Reference numerals

10 Redox device
12 Redox unit
14 Redox unit

16 Fuel cell

18 Electrolyzer
20 Gas purification unit

22 Catalyst unit
24 Catalyst unit

26 Catalyst element

28 Catalyst element
30 Catalyst element
32 Catalyst element

34 Power consumer
36 Power source
38 Membrane

40 Membrane

42 Electrode

44 Electrode

46 Electrode

48 Electrode

50 Reaction zone
51 Reaction zone
52 Reaction zone
53 Reaction zone
54 Gas space

56 Gas space

58 Gas gpace

6 0 Gas space

62 Line

63 Line

64 Line

65 Line

66 Line

67 Line

68

Line



70
]2
74
15
76
78
80
82
84
86
88
90
92
94

Gas flow

Gas flow

Gas flow

Gas flow

Gas flow
Heating unit
Heating unit
Gag store
Gas store
Water store
Gas flow
Cell frame
Cell frame

Water flow
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Claims

A hydrogen-oxygen redox device having at least one
redox unit which 1s provided for carrying out at
least cne redox reaction with at least one of
consumption and production of a first gas, the
first gas being hydrogen gas, and of a second gas,
the second gas belng oxygen gas, with

at least one gas purification unit for freeing the
first gas of contamination by the second gas or
freeing the second gasgs of contamination by the
first gas comprising

at least one gas purification unit which
comprises at least one catalyst unit for
catalyzing a reactior. of oxygen gas and hydrogen
gas 1nto water,

with at least one catalyst unit naving at

least one catalyst element consisting at least
partly of a platinum metal,

and at least one catalyst element being
1mplemented as a catalyst layver applied to a side
of at least one electrode of the at least one
redox unit, said side facing away from a reaction
ZOorne,

Wherein

at least one further redox unit coupled to the at
least one redox unit so as to allow exchange of
material and
at least one redox unit and the at least one
further redox unit being

configured as a fuel cell-electrolyzer pair.

The redox device according to Claim 1,
characterlzed 1n t-—hat the at least one redox unit

1s configured as a fuel cell.
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The redox device according to Claim 2,

characterized in that the fuel cell is conftigured

as alkaline fuel cedlil.

The redox device according to Claim 1,
characterized in that the at least one redox unit
igs configured as electroiyzer for producing at

least one of hydrcgen gas and oxygygen gas.

The redox device according to Claim 1,
characterized 1n that the at least one catalyst

element hag a cavity structure.

The redox device according to Claim 5, 1including
at least one of: the at least one catalyst

element 1s arranged 1n a gas space of the at least
one redox unit; and the at least one catalyst
element directly adjoining a gas space of the at
least one redox unit, which gas spacc adjoins at
least one electrode of the at least one redox

unit.

A method for operating a redox device according tc
Claim 1, characterized in that the redox

device 1s operated 1n closed operation.

The method according to Claim 7, characterized 1n

that at least one gas flow ftrom the at least one
redox unit to the at least one further redox unit
or from the at least one further redox unit to the
at least one redox unit 1s purified by means of
the at least one gag purification unit before they
leave the at least one redox unit or the at least

one further redox unit.

I'he method according to Claim 7, characterized in
that at least one gas tlow from the at least onc

redox unilt to the at least one further redox unit
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or from the at least one further redox unit to the
at least one redox unit 1s purified by means of
the at least one gas purification unit on leaving
the at least one redox unilit or the at least one

further redox unit.
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