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Title: Apparatus for production of high purity Carbon Monox-

ide

The present invention concerns an apparatus for production of
high purity carbon monoxide, CO, based on electrolysis of
carbon dioxide, CO2 in combination with a high purity CO2
feedstock and gas cleaning operation at temperatures above
-100°C. In particular, Solid Oxide Electrolysis Cells, SOEC,

are used for the electrolysing.

The proposed invention relates to the production of CO of
high purity where the purification relies on simple, low cost
purification techniques that do not involve cryogenic tech-

nigques.

Traditionally CO is produced on commercial scale by reforming

hydro-carbons, e.g.:

CH4 + H20 -> CO + 4H2
or

4CH4 + 02 + 2H20 - 10H2 + 4CO

The product gas (CO + H2) is then purified to high purity CO
(typically > 99%) in different steps, for instance including
a final cryogenic state to separate H2 from the CO and to re-

move possible impurities of N2 and Ar.

CO boils at -205°C, H2 at -252.87°C and this cryogenic pro-
cess 1is therefore very expensive and has to be carried out at
large central facilities. This leads to long distribution
paths between the CO production site and the end user and

with CO being a poisonous gas, subject to strict safety re-
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quirements during handling, transportation and storage, this
add significantly to the cost. Consequently, the price for
smaller quantities (e.g. < 100 Nm3/h) of high purity CO is 5-
10 times higher than the price of the H2 produced in the same

reforming process.

It is an object of the present invention to provide an appa-
ratus and a method for the production of CO which solves the

above mentioned problems.

More specifically it is an object of the present invention to
provide an SOEC apparatus and method to produce CO at a lower

cost than the presently known technigues.

It is a further object of the present invention to provide an
SOEC apparatus and method to produce CO at a low cost and at

a high purity without the use of cryogenic techniques.

The invention relates to a CO production and purification
method which is based on C02 electrolysis in combination with
simple and in-expensive ’'room temperature’ gas cleaning and
gas separation methods. This invention makes it technically
and economically feasible to produce high purity CO in small
quantities, for example at the consumption site or at local

distribution centres.

CO2 electrolysis is less known than water electrolysis as
fewer techniques are available for C0O2 electrolysis. One
technology which is very efficient for C0O2 electrolysis is

Solid Oxide Electrolysis Cells.
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The principle of the C02 electrolyser is that C02 (possibly
including some CO) is fed to the electrolyser cathode. As
current is applied, the C02 is converted to CO to provide an
output stream with a high concentration of CO.

2C02 (cathode) -> 2CO (cathode) + 02 (anode)

If pure CO2 is inserted into the SOEC the output will be con-
verted CO and unconverted C0O2. If needed, the unconverted CO2
can be removed in a CO/C0O2 separator operating at tempera-

tures above -100°C to produce the final high purity CO.

One particular issue with the known gas separator technigues
operating at temperatures above -100 C is that they in gen-
eral are only selective to one or a few molecules and hence
have difficulties in removing for example Ar or N2 from the

CO + CO2 electrolyser output stream.

Consequently an embodiment of this invention includes:

e The use of high purity C0O2 as feedstock for the electro-
lyser

e Operating the SOEC electrolyser in schemes where impuri-
ties are not added to the product stream even if leak-

ages are present in the electrolyser stack.

Here purity is defined as: Concentration (C0O2) + Concentra-

tion (CO).

Gas Separation

Four commonly known technologies exist for separating CO2 or

CO from a gas stream. These can be characterised as absorp-
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tion, adsorption, membrane filtering and condensation methods

and can all be used for the present invention.

Solvent absorption involves a cyclical process in which CO2
or CO is absorbed from a gas stream directed into a liquid,
typically water or an amine. Typically, C0O2 is removed and
the processed gas stream is then the final purified CO
stream. The absorbent liquid can be processed to remove the
C02, which can then be re-used for further electrolysis. The
resulting CO2-free liquid is used again for absorption and
the process continues. This technique is fairly widely used
in a range of applications, but it needs a large amount of

power to regenerate the solvent.

Adsorption is based on a cyclical process in which C02 or CO
is adsorbed from a gas stream on to the surface of a solid,
typically a mineral zeolite. Typically, C0O2 is removed and
the processed gas stream is then the final purified CO
stream. The solid is then purified in stages using differ-
ences in either pressure or temperature to remove the CO2.
Common adsorbing technologies are the so-called pressure
swing adsorbers (PSA), which are widely used in industry, but
may be quite expensive for small scale (< 2000 Nm3/h) opera-

tion.

Membranes made of polymers or ceramics, can be used to effec-
tively sieve out CO2 or CO from gas streams. The membrane ma-
terial is specifically designed to preferentially separate
the molecules in the mixture. A range of configurations ex-
ists either simply as gas separation devices or incorporating
liquid absorption stages. This process has not yet been ap-

plied on a large scale and there are challenges related to
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the composition and temperature of the input gases. Further-
more, the selectivity of the membranes is limited and many
recycles will typically be needed to obtain high purity (e.g
> 99.5%) gas output.

Condensation techniques use low temperatures to cool and con-
dense the C02 from the electrolyser gas streams. Using two
coolers where CO2 is condensed at one (e.g. at -90°C) and CO2
is released from the other (e.g. at -40 C) would allow con-

tinuous operation of a condensating C0O2 removal unit.

SOEC based gas cleaning.

As an alternative to the above mentioned traditional gas-
cleaning techniques, this invention has a dedicated electro-
lyser design which is used to remove the necessary amount of

C0O2 from the CO + C0O2 stream.

In the following a range of embodiments according to the in-
vention will be described and their advantages will be ex-

plained.

In principle, all CO2 fed to an electrolyser can be converted
to CO by applying the correct current and voltage to the
cells. Typically, the practical limitation to high conversion
ratio is that a stack operates with a single current going
through the stack and with slightly non-uniform gas flows be-
tween the different cells in the stack. Fig. 2 shows schemat-
ically the gas and current flows of a stack. The gas is fed
at the bottom and then propagates upwards in the stack to
cross the cells. Due to pressure loss in the upward flow

channels and inevitable differences in the pressure loss
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across different cells there will always be some variations

in the flows across the different cells.

The current which can be applied to all cells in the stack is
limited by the flow across the one cell with the minimum
flow, such that the maximum current corresponds to a 100%
conversion in the cell with minimum flow. If current is ap-
plied which would correspond to a conversion rate above 100%
for this minimum flow cell, the current would introduce
structural changes in the minimum flow cell and the cell
would deteriorate quickly together with the stack. Typically
this leads to maximum conversion rates of 80% for 70-cell

stacks and 90% for 10-cell stacks.

In one embodiment of the present invention as shown in fig. 1
it is necessary to separate the CO from the C02 after the
SOEC electrolysis of the input gas of high purity C02. The
CO2 separator can be of any known art as well as a further
SOEC as will be disclosed in the following. The separated CO2

can be recycled to the input side of the SOEC electrolyser.

In a further embodiment of the invention a scheme is proposed
which allows SOEC stacks to operate with very high conversion
rates to directly produce CO output stream of very high puri-
ty (e.g. larger than 90% and e.g. larger than 99%). This em-
bodiment is based on the individual control of the current
across each cell based on monitoring of the voltage across

each cell.

The voltage across an SOEC cell can be expressed as:
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RT Pco>

E=1 +E,+—In| ————
2 PcoNPo:

R

cell " *cell

where I.ci1 and Ree1n are the current and resistivity of the
relevant cell, respectively. Pcoz, Poo and por: are the partial

pressures (in bar) of C02, CO and 02 respectively.

This implies that as the fraction of C02 in the gas decreas-

es, the voltage across each cell increases quite significant-

ly.

In an embodiment of this invention an SOEC stack is used for
direct production of high purity CO. This is done by monitor-
ing the voltage across each cell and individually adjusting
the current across each cell to give a desired cell voltage

corresponding to a desired level of CO2.

This is shown in fig. 3, where a stack is fed with a non-
uniform flow of C0O2 and one common current Icommon. The current
through each cell (e.g. cell ‘'i’)is then adjusted (with the

current AI;) to provide a cell specific current (e.g. I; =

Teommon + AI;) which results in the desired voltage (e.g. Vier)
and hence CO concentration across the individual cells.

This current adjustment scheme can be realised in many ways.
This could be by providing a relatively large common current
and then removing surplus current with a diode or more flexi-
bly with a transistor and a transistor current controlling
circuit. A more energy efficient alternative would be to pro-
vide a relatively low common current and then add additional
current (e.g. based on switch mode technology) to obtain the

desired cell voltage.
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In a further embodiment of this invention as shown in fig. 4,
the individual voltage and current control is only applied to
the last stage of the C02 to CO conversion. The bulk of the
C0O2 conversion is then performed in traditional stacks where
all cells are operating at the same current. This could for
example be the conversion of a 100% C0O2 stream to 15% CO2 and
85% CO in traditional stack operating solely with common cur-
rents for all cells. In a second stage (typically involving
fewer cells and higher flows) the 15% C0O2 and 85% CO is con-
verted to high purity CO e.g. 99.7% CO and 0.3% C0O2 in a
stack where current is controlled individually for the dif-
ferent cells or cell groups. This embodiment is cost effec-
tive as it provides a relative low cost, traditional SOEC
stack for the bulk of the C02 conversion and the relative
more expensive individual voltage and current control SOEC

stack for a small part of the conversion.

Avoiding SOEC stack related impurities

To avoid expensive CO2 separation at the output stage of this
invention, it is critical that the SOEC electrolyser does not

add impurities to the gas stream.

The main source of such potential impurities is leakages in
the SOEC stack. This can be leakages between the cathode and
the anode side of the stack and it can be leakages between
the stack and the external atmosphere as indicated in fig.b5.
These types of leakage are often experienced in Solid Oxide
stacks. Leakages are caused partly by imperfect sealings be-
tween cells and interconnects and partly because small cracks
in solid oxide cell electrolytes may easily exist after pro-

duction or may evolve during the system lifetime.
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If the electrolyser operates with pure oxygen on the anode
side, leakages between the anode and the cathode side will
not affect the purity of the produced gas (defined as CO2
concentration + CO concentration) as oxygen will combust with
CO to form CO2). However, high purity oxygen is very diffi-
cult to handle at the high temperatures around 800°C where it
is generated in an SOEC electrolysor. These issues are relat-
ed to corrosion and possibly even to combustion of the high
temperature metal parts. It can therefore be attractive to
flush the oxygen side of the electrolysor to reduce the oxy-

gen concentration.

In an embodiment of this invention the oxygen side (the an-
ode) is flushed with C0O2 to reduce the oxygen concentration
without reducing the C02 + CO purity of the SOEC output gas-

ses even if the SOEC stack is subject to internal leakage.

In a further embodiment of this invention as shown in fig. 6,
the SOEC stack or stacks are enclosed in a closed compartment
which is flushed with C02. This implies that the C02 + CO pu-
rity of the SOEC output gasses are maintained even if the

SOEC stack is subject to external leakage.

In a further embodiment of this invention, different compart-
ments of SOEC stacks are operated at different pressures. If
the pressure on the anode (02) side is P1l, the pressure on
the cathode (C02) side is P2 and the pressure outside the
stack is PO, then the stack could for example be operated at

conditions where:

PO < P1 < P2
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This will assure that very few impurities penetrates from the
external side into the stack and that very few impurities
diffuses from the anode side into cathode side, where the CO

is produced.

Compartment PO can further be purged with CO; where the purge
stream after addition of air is passed through a catalytic
oxidation step, see Figure 6. The catalytic oxidation step
should comprise a catalyst active in the oxidation reaction

between CO and O,.

2CO + Oy => 2COy

The catalyst could for example be a noble metal catalyst such
as Pt and/or Pd optionally combined with V,0s and WO; on an
alumina or TiO; based carrier. The catalyst should operate
above 100 C, preferably between 150 and 250 C to assure elim-

ination of CO emitted to the local environment.

In addition, the absolute pressure in compartment denoted PO
can be chosen to be set below atmospheric pressure to assure
that CO leaking into PO cannot escape to the surroundings un-

der any circumstances.

Improving the purity of the SOEC input gas

To avoid the use of a very expensive C02 feedstock, this in-
vention has to take into account that the C02 feedgas have
some contents of undesired “polluting” gasses. This can have
two undesirable effects on the system:

e The polluting gas may affect the operation of or even

poison the SOEC or the CO/C0O2 separation equipment
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e For a well designed CO/CO2 separation equipment the
polluting gases will in general be separated into the
C0O2 stream. As it is typically advantageous to recycle
this stream to the SOEC, the polluting gases may build

up in the system

To address these potential issues the present inventions in-

cludes embodiments as seen on Fig. 10 where:

e Adsorbents or absorbants are used before the SOEC to re-
move undesired gas contaminations. In particular sulphur
species and solixanes are known to poison Solid Oxide
cells. These can be absorbed for example with active

carbon or Ni- or Cu-based absorbers.

e A ‘purge’ can be build into the recycle stream to avoid
the accumulation of polluting gases. However, the recy-
cle stream will typically include CO which in most cases
can not be vented safely. One embodiment of this inven-
tion includes a purge outlet of the recycle stream which
is combined with oxygen from either air or the oxygen
output of the SOEC and where the CO and excess 02 forms

CO2 on an oxidizing catalyst (CatOx).

Avoiding carbon formation and metal dusting

One practical issue in relation to high purity CO producing

devices operating at elevated temperatures is that carbon may

be formed from carbon monoxide through the so-called Bou-

douard reaction:

CO + CO -> C + CO2
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Deposition of carbon is thermodynamically advantageous in
temperature regions below roughly 700°C and as the CO rich
gas cools down carbon may be deposited on for example metal
surfaces of pipes or heat exchangers. This may corrode the
metal through the mechanism known as metal dusting which
eventually may destroy the subjected metal parts.

Carbon deposition and metal dusting can be avoided in CO rich
environments by using special metals or special coatings of
the subjected surfaces. In a special embodiment of this in-
vention, selected metals or coatings are used to avoid carbon
formation and metal dusting at the output section of the SOEC

electrolyser.

This embodiment includes the use of Ni-rich metals such as
Inconel or specifically Inconel 693. This embodiment also in-
cludes special coatings of metal surfaces such as surfaces

coated with Cu or Sn/Ni coatings for example with 55-65% Sn.

In addition to the coatings mentioned, another possibility is
to use a dual tube arrangement. In the case of Cu a viable
option is to insert a copper tube inside a tube with the re-
quired mechanical strength. Copper tubes loose their mechani-
cal strength at elevated temperatures but by applying a cup-
per tube inside a for example a high alloy stainless steel
tube and assuring intimate contact between the tube surfaces
the mechanical strength of the steel tube can be combined
with the resistance towards metal dusting of the copper tube.
The protection towards metal dusting is due to that the ma-
jority of the gas is exposed to the Cu surface. Small por-
tions of gas may find its way to compartments caused by im-
perfections in the lining but the metal dusting potent gas in

these compartments is stagnant and can thus only have an in-
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significant effect on the metal surface. This is especially
advantageous in applications operating close to atmospheric
pressures as the forces separating the tubes at a system
pressure reduction are directly dependant on the pressure

level in the system.

Features of the invention

1. A device for production of CO with a purity above 90%
when the device is provided with C0O2 with a purity above 90%,
said device comprising at least one Solid Oxide Electrolysis
Cell with an anode side and a cathode side and said device
further comprises an output gas separation unit, wherein the
device i1s operating at temperatures between 0°C - 50°C, pref-

erably at 10°C - 40°, preferably at room temperature.

2. A device according to claim 1, wherein said device com-
prises a plurality of Solid Oxide Electrolysis Cells arranged
in a stack, and wherein said device further comprises means
for individual control of the current across selected Solid

Oxide Electrolysis Cells.

3. A device according to claim 2, wherein said individual
control of the current is based on monitoring the voltage

across selected Solid Oxide Electrolysis Cells.

4, A device according to claim 2 or 3, wherein the output

gas separation unit is integrated in said stack.

5. A device according to any of the claims 1 to 3, wherein

the output gas separation unit comprises a plurality of cells
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arranged in a gas separation Solid Oxide Electrolysis Cell
stack, and wherein said stack comprises means for individual

control of the current across selected cells.

6. A device according to any of the preceding claims,
wherein the device further comprises means to flush the anode
side of the at least one Solid Oxide Electrolysis Cell with
CO2.

7. A device according to any of the preceding claims,
wherein the device comprises a compartment enclosing the at
least one Solid Oxide Electrolysis Cell, and wherein said
compartment comprises means to flush the space enclosed by

the compartment.

3. A device according to claim 7, wherein the pressure of
the cathode side is higher than the pressure of the anode
side, the pressure of the anode side is higher than the pres-
sure of the compartment and the pressure of the compartment
is below ambient pressure and wherein the compartment is
flushed with CO; and the CO, purge is directed from the com-
partment to a catalytic oxidation reactor utilizing a cata-
lyst comprising a noble metal catalyst such as Pt and or Pd
optionally combined with V.05 and WOs; on an alumina or TiO;
based carrier and the catalyst operates above 100°C, prefera-

bly between 150°C and 250°C.

9. A device according to any of the preceding claims,
wherein said output gas separation unit is one of, a wa-
ter/amine wash, a Pressure Swing Adsorption or selective mem-

branes.
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10. A device according to any of the preceding claims com-
prising a plurality of stacked Solid Oxide Electrolysis Cells
and a plurality of stacks, wherein said stacks are connected

in networking connection.

11. A device according to any of the preceding claims,
wherein selected components which are subject to metal dust-
ing are made of Ni-rich metals such as Inconel, preferably
Inconel 693, or said components are coated with Cu or Sn/Ni

coatings, preferably 55-65% Sn.

12. A device according to any of the preceding claims,
wherein selected components which are subject to metal dust-
ing are made of double tubes; an inner tube which is a copper
tube which is placed inside an outer tube with higher mechan-
ical strength than the copper tube, thereby achieving metal
dusting protection and simultaneously combining the mechani-
cal strength of the outer tube with the resistance towards

metal dusting of the copper tube.

13. A process for production of high purity CO comprising
the steps of
e providing a first C0O2 gas with a purity above 90% to a
device comprising at least one Solid Oxide Electrolysis

Cell and comprising a gas separation unit

e providing a current to at least one Solid Oxide Elec-
trolysis Cell and producing a second gas comprising CO
in said Solid Oxide Electrolysis cell by means of CO2
electrolysis

e providing said second gas to the output gas separation

unit
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e operating said gas separation unit at temperatures be-
tween 0°C - 50°C, preferably at 10°C - 40°, preferably
at room temperature and thereby producing a third output

gas comprising CO with a purity above 90%.

14. A process according to claim 13, wherein said device
comprises a plurality of Solid Oxide Electrolysis Cells ar-
ranged in a stack, and which process further comprises the
step of

e individually controlling the current across selected

Solid Oxide Electrolysis Cells

15. A process according to claim 13 or 14 further comprising
the step of
e flushing the anode side of the at least one Solid Oxide

Electrolysis Cell with CO2.

16. A process according to any of the claims 13-15 further
comprising a compartment enclosing the at least one Solid Ox-

ide Electrolysis Cell and further comprising the step of

e flushing the space enclosed by said compartment.

17. A process according to claim 16 further comprising the
step of
e controlling the pressure in the compartment, the anode
chambers of the Solid Oxide Electrolysis Cells and the
cathode chambers of the Solid Oxide Electrolysis Cells
to different levels to reduce diffusion into the cathode

chambers.

18. A process according to any of the claims 13-16 wherein

the said gas separation comprises the steps
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e providing said second gas to a gas separation Solid Ox-
ide Electrolysis Cell stack
e controlling the current across each individual cell in

said gas separation Solid Oxide Electrolysis Cell stack.

19. Process according to any of the claims 13-18 for the
production of CO with a purity above 95%, preferably above
99%, preferably above 99.5%.

20. Use of CO as prepared by a device according to any of

the claims 1-12 for the production of CHsCOOH.

Examples

Complete system

Fig. 7 shows a schematic diagram of one possible embodiment

of the invention.

High purity C02 is flushed to both the ‘fuel’ and ‘oxygen’
side of an SOEC stack. To recuperate most of the heat from
the system, the input C0O2 on the fuel side passes two heat
exchangers, while only a single heat exchanger is used on the
input side of the ‘oxygen’ side. The reason for this asymmet-
ric configuration is that oxygen passes from the fuel to the
oxygen side and that the heat capacity therefore is highest
on the fuel in and oxygen out streams. This is also reflected
in the temperatures and duties of the different heat exchang-

ers as shown in fig. 7.

To avoid metal dusting and carbon formation the heat exchang-

er at the SOEC fuel side (cathode side) is made of either Ni-
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rich metals such as Inconel, particularly Inconel 693 or

coated metal parts e.g. Sn/Ni coated parts.

With this configuration the output temperatures of the heat
exchangers closest to the stacks are 675°C and 750°C on the
fuel and oxygen side respectively. The SOEC stack is assumed
to be operated at the thermo neutral operation point at a
temperature of 800°C. Consequently, the input CO2 streams are
heated to 800°C in two electrical heaters. A simple variation
of this configuration would be to use one electrical heater
at the fuel input, heat the stream here to approximately
825°C and let the heat exchanging capacity of the SOEC stack

heat up the oxygen side input.

In this configuration, the SOEC stack has a capacity to pro-
duce approximately 1.2 Nm3/h CO. This could for example be
realised with stacks based on 50 cells with an effective area
of 10 x 10 cm. These cells could operate at a current density
of the order of 0.75 A/Cm2, a cell voltage of 1.25 V and an
effective SOEC conversion efficiency of 3.1 kWh/Nm3.

The SOEC cells could be based on a Ni/YSZ support layer, a
Ni/YSZ fuel-side electrode a YSZ electrolyte and an LSM elec-

trode on the Oxygen side.

The CO2 input streams here are chosen to be around 2 Nm3/h at
both fuel and oxygen side. This gives a fairly moderate CO
concentration of only 63% at the output. This is chosen to
allow for a non-uniform flow distribution in the stacks, but
much higher output concentrations are possible by using for

example individual cell current control.
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The 2 Nm3/h input flow to the Oxygen side is chosen to assure
an 02 concentration well below 50% at the output. This reduc-
es the speed of corrosion on the oxygen side output and sim-
plifies the choice of materials for heat exchangers and pip-

ing.

At the fuel side output, the gas stream is cooled and the ma-
jority of the CO is being removed in a separator, which for
example could be based on membranes. The remaining C02 is in
this example just send into the air but could also be recy-
cled (including some possible fraction of CO) into the fuel
side input. In this configuration a fraction of the SOEC out-
put is recycled to the input, where the residual CO may also
help to avoid oxidation at the input of the fuel side of the
SOEC stack.

Stack networking example

Fig. 8 shows an example of stack networking. The lower stack
is made up by 20 cells, the upper one by 10 cells. The bottom
of both stacks is in this case facing the internal manifold

plate.

Avoiding contaminations from SOEC stack leakages
Fig. 9 shows the importance of actively handling the possible
impurities introduced in the output stream of an SOEC system

by stack leakages.

Test 1 shows the impurities (N2 and 02) of a stack operating
with uniform pressure and with air used for flushing the oxy-

gen side.
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In test 2 CO2 was used instead of air to flush the oxygen
side and in this case the impurity level have been reduced

from roughly 1.5 mole® to less than 0.75 mole%.

In test 3, the pressure of the fuel side (the cathode) has

been increased to be roughly 100 mbar higher than on the oxy-
gen side and in the external stack compartment. C0O2 was used
for flushing the oxygen side. In this test the impurity level
was below 0.3 mole% which is sufficient for meeting for exam-

ple the standard industrial grade for bottled CO.
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CLAIMS

1. A device for production of CO with a purity above 90%
when the device is provided with C0O2 with a purity above 90%,
said device comprising at least one Solid Oxide Electrolysis
Cell with an anode side and a cathode side and said device
further comprises an output gas separation unit, wherein the
device i1s operating at temperatures between 0°C - 50°C, pref-

erably at 10°C - 40°.

2. A device according to claim 1, wherein said device com-
prises a plurality of Solid Oxide Electrolysis Cells arranged
in a stack, and wherein said device further comprises means
for individual control of the current across selected Solid

Oxide Electrolysis Cells.

3. A device according to claim 2, wherein said individual
control of the current is based on monitoring the voltage

across selected Solid Oxide Electrolysis Cells.

4, A device according to claim 2 or 3, wherein the output

gas separation unit is integrated in said stack.

5. A device according to any of the claims 1 to 3, wherein
the output gas separation unit comprises a plurality of cells
arranged in a gas separation Solid Oxide Electrolysis Cell

stack, and wherein said stack comprises means for individual

control of the current across selected cells.

6. A device according to any of the preceding claims,

wherein the device further comprises means to flush the anode
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side of the at least one Solid Oxide Electrolysis Cell with
CO2.

7. A device according to any of the preceding claims,
wherein the device comprises a compartment enclosing the at
least one Solid Oxide Electrolysis Cell, and wherein said
compartment comprises means to flush the space enclosed by

the compartment.

3. A device according to claim 7, wherein the pressure of
the cathode side is higher than the pressure of the anode
side, the pressure of the anode side is higher than the pres-
sure of the compartment and the pressure of the compartment
is below ambient pressure and wherein the compartment is
flushed with CO; and the CO, purge is directed from the com-
partment to a catalytic oxidation reactor utilizing a cata-
lyst comprising a noble metal catalyst such as Pt and or Pd
optionally combined with V.05 and WOs; on an alumina or TiO;
based carrier and the catalyst operates above 100°C, prefera-

bly between 150°C and 250°C.

9. A device according to any of the preceding claims,
wherein said output gas separation unit is one of, a wa-
ter/amine wash, a Pressure Swing Adsorption or selective mem-

branes.

10. A device according to any of the preceding claims com-
prising a plurality of stacked Solid Oxide Electrolysis Cells
and a plurality of stacks, wherein said stacks are connected

in networking connection.
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11. A device according to any of the preceding claims,
wherein selected components which are subject to metal dust-
ing are made of Ni-rich metals such as Inconel, preferably
Inconel 693, or said components are coated with Cu or Sn/Ni

coatings, preferably 55-65% Sn.

12. A device according to any of the preceding claims,
wherein selected components which are subject to metal dust-
ing are made of double tubes; an inner tube which is a copper
tube which is placed inside an outer tube with higher mechan-
ical strength than the copper tube, thereby achieving metal
dusting protection and simultaneously combining the mechani-
cal strength of the outer tube with the resistance towards

metal dusting of the copper tube.

13. A process for production of high purity CO comprising
the steps of

e providing a first C0O2 gas with a purity above 90% to a
device comprising at least one Solid Oxide Electrolysis
Cell and comprising a gas separation unit

e providing a current to at least one Solid Oxide Elec-
trolysis Cell and producing a second gas comprising CO
in said Solid Oxide Electrolysis cell by means of CO2
electrolysis

e providing said second gas to the output gas separation
unit

e operating said gas separation unit at temperatures be-
tween 0°C - 50°C, preferably at 10°C - 40° and thereby
producing a third output gas comprising CO with a purity

above 90%.
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14. A process according to claim 13, wherein said device
comprises a plurality of Solid Oxide Electrolysis Cells ar-
ranged in a stack, and which process further comprises the
step of

e individually controlling the current across selected

Solid Oxide Electrolysis Cells

15. A process according to claim 13 or 14 further comprising

the step of

e flushing the anode side of the at least one Solid Oxide
Electrolysis Cell with CO2.

16. A process according to any of the claims 13-15 further
comprising a compartment enclosing the at least one Solid Ox-

ide Electrolysis Cell and further comprising the step of

e flushing the space enclosed by said compartment.

17. A process according to claim 16 further comprising the
step of
e controlling the pressure in the compartment, the anode
chambers of the Solid Oxide Electrolysis Cells and the
cathode chambers of the Solid Oxide Electrolysis Cells
to different levels to reduce diffusion into the cathode

chambers.

18. A process according to any of the claims 13-16 wherein
the said gas separation comprises the steps
e providing said second gas to a gas separation Solid Ox-
ide Electrolysis Cell stack

e controlling the current across each individual cell in

said gas separation Solid Oxide Electrolysis Cell stack.
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19. Process according to any of the claims 13-18 for the
production of CO with a purity above 95%, preferably above

99%, preferably above 99.5%.

20. Use of CO as prepared by a device according to any of

the claims 1-12 for the production of CHsCOOH.
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