Downloaded from orbit.dtu.dk on: Mar 30, 2023

DTU Library

=
=
—

i

PROCESS FOR OPERATING A HIGH TEMPERATURE FUEL CELL STACK

Nedergaard Clausen, Thomas; Rostrup-Nielsen, Thomas; Gottrup Barfod, Rasmus; Vang Hendriksen,
Peter; Hjelm, Johan; Jacobsen, Joachim; Boegild Hansen, John

Publication date:
2011

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):

Nedergaard Clausen, T., Rostrup-Nielsen, T., Gottrup Barfod, R., Vang Hendriksen, P., Hjelm, J., Jacobsen, J.,
& Boegild Hansen, J. (2011). PROCESS FOR OPERATING A HIGH TEMPERATURE FUEL CELL STACK.
(Patent No. W0O2011137916).

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

e Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
e You may not further distribute the material or use it for any profit-making activity or commercial gain
e You may freely distribute the URL identifying the publication in the public portal

If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.


https://orbit.dtu.dk/en/publications/46a15043-68a7-498b-8e09-c1cd77bf068d

2011/13:7916 A1 I 00 O O 01 OO 0

<

W

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

oo o
1 rld Intellectual Property Organization /) -sady
(19) World Intellectual Property Organization /g5 1IN I VAN V0RO 0O A OO 01
International Bureau S,/ )
3\ 10) International Publication Number
(43) International Publication Date \'{:/_?___/ (10)
10 November 2011 (10.11.2011) PCT WO 2011/137916 Al
(51) International Patent Classification: (74) Agent: TOPSOE FUEL CELL A/S; Nymgllevej 66,
HOIM 8/04 (2006.01) HOIM 8/12 (2006.01) DK-2800 Kgs. Lyngby (DK).
(21) International Application Number: (81) Designated States (unless otherwise indicated, for every
PCT/EP2010/002765 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(22) International Filing Date: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
> May 2010 (05.05.2010) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
. KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(26) Publication Language: Enghsh ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
(71) Applicants (for all designated States except US): TOP- NO, NZ, OM, PE, PG, P11, PL, PT, RO, RS, RU, SC, SD,
SOE FUEL CELL A/S [DK/DK]; Nymellevej 66, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
DK-2800 Kgs. Lyngby (DK). TECHNICAL UNIVER- TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
SITY OF DENMARK [DK/DK]; Anker Engelundsvej 1, (84) Designated States (unless otherwise indicated, for every
Bldg. 101A, DK-2800 Kgs. Lyngby (DK). kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
(75) Inventors/Applicants (for US only): NEDERGAARD ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

Clausen, Thomas [DK/DK]; Silkeborggade 21, 5 tv,
DK-2100 Kebenhavn 0 (DK). ROSTRUP-NIELSEN,
Thomas [DK/DK]; Geelsvej 37, DK-2840 Holte (DK).
GOTTRUP BARFOD, Rasmus [DK/DK]; Moseager 5,
st. Valby, DK-4000 Roskilde (DK). VANG HENDRIK-
SEN, Peter [DK/DK]; Kulsvier Huse 17, DK-3400
Hillerod (DK). HJIELM, Johan [DK/SE]; Tegelgards-
gatan 12, SE-21133 Malmé (SE). JACOBSEN, Joachim
[DK/DK]; Kirsebaerlunden 15, DK-3460 Birkerad (DK).
BOGILD HANSEN, John [DK/DK]; Villemoesgade 39,
2.tv., DK-2100 Kebenhavn @& (DK).

TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

(54) Title: PROCESS FOR OPERATING A HIGH TEMPERATURE FUEL CELL STACK

2H, + 20 - 2H.0 + de”

Anode

Load

Cathode

de” + 0; — 20%

Fig. 1

(57) Abstract: Process for operating a high temperature fuel cell stack, the process comprising the following steps: b) connecting
the fuel cell stack in parallel to a power supply unit at a predetined temperature and/or voltage of the fuel cell stack, h) applying a
voltage from the power supply unit of between 700 to 1500 mV per tuel cell across the fuel cell stack irrespective of the electro-
motive force of the fuel cell stack, i) heating up the fuel cell stack from the predefined temperature to operation temperature while
maintaining the voltage per fuel cell from the power supply unit, j) maintaining the fuel cell stack at or above a predetermined op -
eration temperature and/or above a predetermined voltage until the fuel cell stack is to be put into operation, k) supplying fuel to
the fuel cell stack, 1) disconnecting the power supply unit followed by m) connecting a power-requiring load to the fuel cell stack.



10

15

20

25

30

WO 2011/137916 PCT/EP2010/002765

Process for operating a high temperature fuel cell stack

The invention concerns a process for operating a high tem-
perature fuel cell (SOC or MCFC) stack. In particular the
invention relates to an operation process of a high tem-
perature solid oxide cell stack or molten carbonate fuel
cell stack whereby electrical protection of the fuel elec-

trode elements in the stack is obtained.

Fuel cells directly convert chemical energy of a fuel into
electricity. Reversible Solid Oxide Cells (SOC) can be used
both as Solid Oxide Fuel Cells (SOFC) and as Solid Oxide
Electrolyser Cells (SOEC). The fuel electrode in a solid
oxide cell is based on a cermet of nickel and yttria stabi-
lized zirconia (Ni1i/YSZ) and this element is termed the an-

ode in an SOFC and the cathode in an SOEC.

SOECs split water into hydrogen and oxygen and the hydrogen
generated can be utilized in the SOFC. SOECs also have the
potential of splitting carbon dioxide into carbon monoxide
and oxygen. This means that electrolysis of a mixture of
steam and carbon dioxide results in a mixture of hydrogen

and carbon monoxide (also known as “synthesis gas”).

Recent development is directed to improving the performance
of SOFCs because these fuel cells are able to convert a

wide variety of fuels with a high efficiency.

A single SOFC comprises a solid oxide dense electrolyte
sandwiched between an anode (fuel electrode) and a cathode
(oxygen electrode), said anode and cathode each having fine

pores or channels for supplying the reactants. Upon

CONFIRMATION COPY
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passing an oxygen-containing gas such as air along the
cathode, the oxygen molecules contact the interface between
the cathode and electrolyte where they are electrochemi-
cally reduced to oxygen ions. These ions diffuse into the
electrolyte material and migrate towards the anode where
they electrochemically oxidize the fuel at the interface
between the anode and the electrolyte. The electrochemical
reactions within the fuel cell provide electricity for an
external circuit. The fuel cell may further comprise a
support having fine pores or channels, which enable the
controlled distribution of the fuel. A plurality of SOFCs
may be connected in series via interconnects to form a so-

called "SOFC stack".

When the SOFC is operated in the reverse mode i.e. as a
solid oxide electrolysis cell, SOEC, electricity is
directly converted into chemical energy of a fuel. In the
SOEC function of the electrodes is reversed compared to the
SOFC i.e. the anode of the SOFC functions as the cathode in
the SOEC and the cathode of the SOFC functions as the
anode. The electrodes for both the SOFC and the SOEC can
also be referred to as the fuel electrode and the oxygen
electrode as indicated earlier, thus indicating the

function of the electrode.

The state-of-the-art SOFC anode is based on a cermet of Ni
and yttria stabilised zirconia (Ni/Y¥SZ). The Ni electrode
is active only in the reduced state as Ni-particles, not in
the oxidised state as NiO. Moreover, re-oxidation of the
anode after activation will result in volume expansion of
the anode leading to cracks in the electrolyte and a con-

comitant loss of power.
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Oxygen diffuses from surroundings and cathode to the anode
chamber e.g. through insufficient seals or through pinholes
in electrolyte thereby reacting with fuel. If the fuel flow
in the SOFC-system is turned off, the oxygen partial pres-
sure at the anode chamber increases and thereby the risk of

re-oxidation of the anode increases.

Conventional technology comprises means to flush the anode
chamber with a reducing gas (often diluted H; in inert gas,
natural gas or equivalent) and thereby keeping the oxygen
partial pressure below a critical value. The flushing is
typically maintained at least at temperatures above ap-
proximately 500°C both during heating and cooling of the

system.

US patent application no. 2006/0141300 assigned to Versa
Power Systems discloses means to enhance the tolerance of

the fuel cell towards re-oxidation.

WO patent application no. 2005/101556 assigned to Versa
Power Systems publishes a method to purge the anode chamber
with steam thereby removing carbonyl and oxygen species

from the Ni-surface.

Another method to prevent oxidation is disclosed by Delphi
Technologies in US patent application no. 2003/0235752. An
oxygen-getter material e.g. metallic Ni, is placed in the

fuel passage ways to prevent oxidation.

JP application no. 2004324060 assigned to Mitsubishi Heavy

Industries, ltd. discloses a system consisting of a SOFC in
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connection with a separate water electrolysis device and a

H,-storage tank.

JP patent application no. 7006778 discloses a process
whereby a power source is used to generate a flow of oxygen
ions from a Ni-YSZ fuel electrode to an air electrode
through a YSZ electrolyte to deoxidise NiO of Ni-YSZ and to
reduce the ohmic resistance and the polarization resistance

of the SOFC.

This process discloses restoration of an SOFC after dete-
rioration by long term operation in order to prolong the

lifetime.

Other processes are disclosed in US patent applications

nos. 2000/28362 and 2000/95469.

There is a need for a simple process whereby the Ni fuel
electrode is prevented from being oxidised throughout the

electrode’s lifetime.

The objective of the process of the invention is thus to
provide a process whereby the fuel electrode of a solid ox-
ide cell in a stack is protected against oxidation through-

out its lifetime.

This objective is obtained by the process of the invention
which provides a process for operating a high temperature
solid oxide cell stack, the process comprising the follow-

ing steps:
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a) connecting the solid oxide cell stack in parallel to a
power supply unit at a predefined temperature and/or volt-
age of the fuel cell stack,

b) applying a voltage from the power supply unit of be-
tween 700 to 1500 mV per solid oxide cell across the solid
oxide cell stack irrespective of the electromotive force of
the solid oxide cell stack,

c) heating up the solid oxide cell stack from the prede-
fined temperature to operation temperature while maintain-
ing the voltage per solid oxide cell from the power supply
unit,

d) maintaining the solid oxide cell stack at or above a
predetermined operation temperature and/or above a prede-
termined voltage until the solid oxide cell stack is to be

put into operation,

e) supplying fuel to the solid oxide cell stack,

f) disconnecting the power supply unit followed by

g) connecting a power-requiring load to the fuel cell
stack.

The following are embodiments of the invention which can be
combined with the embodiments given before or after each

embodiment.

Process comprising disconnecting the load, followed by ap-
plying a voltage from the power supply unit of between 700
to 1500 mV per solid oxide cell across the solid oxide cell
stack irrespective of the electromotive force of the solid
oxide cell stack, until the solid oxide cell stack is ei-
ther put into operation again or the solid oxide cell stack

is cooled down to the predefined temperature.
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Process comprising putting the solid oxide cell stack into

operation again by carrying out steps e), f) and qg).

Process comprising disconnecting the fuel supply while ap-
plying a voltage from the power supply unit of between 700
to 1500 mV per solid oxide cell across the solid oxide cell

stack.

Process comprising disconnecting the load followed by ap-
plying a voltage from the power supply unit of between 700
to 1500 mV per solid oxide cell across the solid oxide cell
stack irrespective of the electromotive force of the solid
oxide cell stack, disconnecting the fuel supply to the
solid oxide cell stack and finally cooling down the solid

oxide cell stack to the predefined temperature.

Process wherein the voltage from the power supply unit of
between 700 to 1500 mV per solid oxide cell includes pro-

duction tolerance.

Process wherein the voltage from the power supply unit is

1000 mV per solid oxide cell.

Process wherein the predefined temperature is between ambi-

ent temperature and 300°C.

Process wherein the solid oxide cell stack is operating in
electrolysis mode in steps a) to d) and in SOFC mode in

steps e) to g).

Process wherein a gas comprising steam is added at step c)

to the fuel electrode.
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Process wherein hydrogen produced in the solid oxide cell
stack is transferred to a fuel processing system upstream

the solid oxide cell stack.

Process wherein the fuel processing system is a reformer or

a hydrodesulphurisation unit.

The invention provides a process for protecting the anode
of a high temperature SOFC or MCFC in a power generating
system against re-oxidation by applying an external voltage
to the fuel cell thereby keeping the potential of the fuel
cell within a safe zone. The safe zone is defined to be be-
tween the Nickel to Nickel oxide oxidation potential and
the Carbon monoxide to Carbon reduction potential i.e. be-

tween 700mV - 1500 mV at operating temperature.

Brief description of the drawings:

Fig. 1 illustrates transport of oxygen ions and electron

flow during conventional SOFC operation.

Fig. 2 illustrates electron flow during electrical protec-
tion of the anode with the aid of an external power supply

unit.

Fig. 3 illustrates the adjustment of cell voltages by sub-

traction of the production tolerances.

Fig. 4 illustrates local leakage in a cell.

Fig. 5 illustrates the test set-up with an external power

supply connected to the set up.
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Fig. 6 illustrates characterization curves from the first

thermal cycle.

Fig. 7 illustrates stack voltage, fuel flow and electroly-

sis current as a function of time.

Fig. 8 illustrates the resistance (ASR) as a function of

time.

Fig.9 illustrates the leak current(A)as a function of time.

Fig. 10 shows an example of a simple natural gas based sys-

tem during operation.

Fig.11l shows the resistance (ASR) as a function of time.

Fig.1l2 shows the Leak current (A) as a function of time.

According to the inventive process, an external potential
is applied to the fuel cell stack in the following situa-

tions:

- when it is being heated up without reducing gas on the

anode i.e. no fuel or protection gas present

- during interrupted duty (so-called trips) of the sys-

tem where power is not produced

- during hot stand-by situations which may be desired or

accidental, where power is not produced

- during shut down of the system where the fuel cell is

cooled down without a reducing gas on the anode
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If the fuel cell stack is at ambient temperature when the
power supply unit is connected, then ramping of the voltage
from 0 mV up to 700 mV or higher is not critical since the
reoxidation rate is low and protection is not required im-

mediately.

If the fuel cell stack is not at ambient temperature when
it is to be connected to the power supply unit, then it is
important that the power supply unit is, prior to carrying
out the connection, already ramped to 700 mV or higher.
Thereby the fuel cell stack is protected immediately on

connection to the power supply unit.

It is therefore essential that the power supply unit is ad-
justed to provide a voltage of 700-1500 mV to the fuel cell

stack prior to connecting the fuel cell stack.

During normal SOFC operation the electrolyte transports
oxygen-ions (0" ) from the cathode to the anode where they
react with the fuel creating water and free electrons, and

thereby a potential difference.

The SOFC is thus the active unit where the voltage differ-
ence (Ug) is created and which drives the flow of electrons
from the anode (negative electrode) through the external
circuit and load (passive unit) to the cathode (positive
electrode) which is shown in fig. 1. The load provides
electrical resistance and causes a potential drop. The cur-
rent runs in the opposite direction of the electrons i.e.

from the cathode (+) to the anode (=+).
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When carrying out the process of the invention the electro-
lyte in the SOFC is used to transport oxygen-ions (0°7)
from the anode chamber to the cathode i.e. opposite of the

normal operating mode.

This is done by adding electrons to the anode and thereby
ionizing the oxygen. The electrons are delivered by an ex-
ternal circuit where a Power Supply Unit (PSU) is driving
the electrons to the anode of the SOFC. The PSU is thus the
active unit in the circuit where the potential difference
is created and which drives the electrons from (+) to the
anode “through” the stack (by o*" transport) and from the

cathode to (+), which is shown in fig. 2.

The SOFC is the passive unit in the circuit, and though the
electrons are running in the opposite direction - the anode
is still negative and the cathode is positive and the po-
larity of the SOFC is the same. This is the case because

the current is driven by the PSU and not the SOFC.

To avoid anode re-oxidation the PSU must deliver enough
electrons to the anode to keep the individual cell above
the reduction potential of Ni to NiO, which is app. 700 mV.
The reduction potential for Ni re-oxidation is the lower
limit for the cell voltage during operation (700 mV) ap-

plied in the process of the invention.
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In the process of the invention electrons are supplied from
the PSU to boost the cell voltages to a value above 700 mV
which is the voltage during safe SOFC operation. The lower
safe limit for the individual cell voltages is 700 mV
whereby Ni re-oxidation is avoided, and the upper limit for
the voltages is approx. 2000 mV corresponding to the risk

of decomposing zirconium when the voltage exceeds 2000 mV.

If Carbon Monoxide is present the upper limit for safe op-
eration is the Carbon monoxide to Carbon reduction poten-

tial of app 1500 mV.

An essential parameter in the inventive process is then to
boost the cell voltage to a value between 700 mV and 1500
mV. The PSU as shown in fig. 2 with positive (+) to the
cathode and negative (+) to the anode. During start-up a
constant protective voltage should be applied, by connect-
ing the PSU, before stack temperature reaches 300°C. It can

be applied at room temperature.

The voltage from the PSU may be approx. 1000 mV pr cell in
the stack, but must be adjusted according to specific cell
voltage measurements to keep all cell voltages between be-
tween 700 and 1500 mV minus production tolerances as shown

in fig. 3.

The current is low at 300°C, but increases as the tempera-
ture increases. When the fuel cell stack is at operating
temperature, then the operational flows can be applied to

the stack, and the PSU turned off.
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During unexpected system failure of the SOFC system the PSU
can be applied immediately when the SOFC is at open circuit
voltage (OCV) and the external load is cut off. This means

that no extra control is needed.

During hot standby the PSU can be applied when the SOFC is
at OCV. The fuel flow can then be turned off and the stack
will be protected against re-oxidation. When the SOFC is to
be brought back into service, the fuel is supplied and the

PSU turned off.

During Shut-down the PSU is applied when the SOFC is at
OCV. The fuel flow is then turned off and the SOFC is
cooled to room temperature. The PSU can be turned off when

the SOFC is below 300°C (or at room temperature).

By carrying out the process of the invention the anode of
the SOFC is protected, which means that no protection gas
(from bottle or produced in the system) is needed. The
process provides quick protection in an easy manner, which

ensure that the anode is protected at all times.

The PSU can be connected to the trip system which monitors
the SOFC system during operation and applied if any failure
occurs (no fuel, low SOFC voltage, wrong temperatures or
pressures, leaks, safety issues or other system components
failure). This means that no extra control is needed when
using the process of the invention for protection of the

SOFC anode.

The PSU can for instance be a battery, capacitor, AC/DC
converter or another fuel cell, and must be able to provide
the required voltage in order to maintain sufficient cur-

rent.
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When applying the process of the invention there is no sign
of degradation on any of the cells in the stack, indicating
that it is possible to prevent damaging re-oxidation of the
anode Ni to NiO using electrolysis current protection.

The electrolysis current was aimed to be able to match the
average leak current of the stack in order to remove all
incoming oxygen from the anode. One of the cells (cell 6)
had a leak current almost 3 times higher than the average
leak current, but there were no signs of degradation of
this cell, although it only received about one third of the

theoretical needed protection current.

Therefore it does not appear to be crucial to have a uni-
form distribution of the leak current through the stack to
be able to protect the stack using electrolysis current.
The test indicates that an electrolysis current of one
third of the cells leak current is enough to protect the

anode from re-oxidizing.

Start-up

If the inventive process is carried out with a starting
temperature corresponding to room temperature, the anode of
the SOFC is protected against re-oxidation during the en-
tire start-up. Fuel can be applied at any time after the
operational temperature is reached and the PSU can then be

turned off.

The operation temperature is chosen according to the re-
quirements of the fuel cell system design. Conventional op-
eration temperatures of approximately 550 to 850°C are cho-

sen.
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If the inventive process is carried out at room temperature
and the power supply unit turned off at operating tempera-
ture when fuel is applied, no extra control is needed to

handle the PSU, which simplifies the system.

Because no protection gas is needed during start-up, the
Fuel Processing System (FPS) which supplies fuel for the
SOFC can be kept cold and inactive until the SOFC is at op-
erating conditions. This means more freedom to operate the

fuel processing system during start-up.

Trips or hot standby

During Trips or hot standby many protection systems monitor
the SOFC voltage or the fuel pressure and apply protection
if the voltage or pressure drops below a certain critical
value. If the pressure or voltage drops below a “critical
value” local failures can still occur in one or more indi-

vidual fuel cells due to re-oxidation.

The individual cell voltages can be monitored and even
though the cell voltage of a single cell can be above the
critical value, a local leakage on the cell will re-oxidise

part of the cell, see fig.4.

This can be avoided by carrying out the inventive process
immediately any failure occurs or if at hot stand-by, irre-

spective of the electromotive force of the fuel cell stack.
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Shut down

The process of the invention is also carried out when the
stack is at open circuit voltage (OCV) and it is desired to
shut down the system. The connection to the power supply
unit is maintained. Fuel is then cut off and the system is
cooled down. The SOFC is thus protected at all times with
no risk of any re-oxidation of any part of the cells be-
cause no part of the cells or stack is close or below the

re-oxidation 1limit of approximately 700 mV.

The PSU unit is turned off when the SOFC is below 300°C or
at room temperature, as no control is needed and measure-

ment of cell voltages is not necessary.

In fig. 10 is shown an example of a simple natural gas

based system during operation.

Natural Gas and water is fed to a ére—reformer, where the
fuel is pre-reformed to a syngas comprising Hydrogen, Meth-
ane, Carbon Monoxide and Water. Any higher hydrocarbons
present will also be converted to methane. The syngas is
sent to the anode of the SOFC where it is consumed to pro-
duce electricity. Air is simultaneously sent to the cathode

to participate in the reactions.

During operation, some of the anode-off gas is recirculated
to the pre-reformer to reuse the water produced in the SOFC

and to recuperate some of the unused hydrogen.

The remaining anode off gas not sent to the pre-reformer,
is sent to the off gas-burner where it is combusted using

excess cathode air.
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During emergency trips, shut-down or hot standby the SOFC
anode and the pre-reformer need to be protected against re-

oxidation.

Normally the pre-reformer and SOFC are protected by sending
an inert protection gas through the anode side of the sys-

tem.

Both the anode of the SOFC and the pre-reformer are pro-
tected by applying the process of the invention. The anode
of the SOFC is directly protected against re-oxidation by
the electric potential applied by the external Power Supply
Unit (PSU).

The pre-reformer (or any other Fuel Processing Unit) is

protected against re-oxidation because the SOFC will pro-
duce hydrogen from the residual water present in the recy-
cle loop. The residual water from the operation before the
trip will immediately be electrolyzed into hydrogen by the
solid oxide cell in electrolysis mode and recycled to the

FPS.

The electrolysis in the solid oxide cell can be controlled
by keeping the voltage of the PSU constant in the ”“safe re-
gion” between 700 and 1500 mV per cell.

If the system needs to be protected during a longer hot
standby or trip, water can be supplied through the fuel
processing system to the solid oxide cell (as during normal
operation of a SOFC) and the electrolysis process in the
solid oxide cell will keep producing protection gas com-

prising hydrogen.
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The system of recirculation of hydrogen produced by the
SOFC stack can also be used for a Fuel Processing System
where hydrogen is needed to process the fuel e.g. a reac-
tion between sulphur and hydrogen to form H;S which can be

absorbed.

Other media apart from fuel and water can be added to the
fuel processing system e.g. a mixture of steam and air or

the separate addition of steam and air respectively.

Examples:

Experimental set-up:

A standard stack consisting of 10 SOFC cells was heated to
app. 800°C in a pilot plant using electrolysis current as
protection against anode nickel re-oxidation. The stack was
subjected to periods with anode protection using electroly-
sis current at 800°C up to 63 hours. During the test, the
stack was characterized with a standard IV-curve to 25 A.
The characterizations showed no sign of degradation of any
cell in the standard stack, indicating that it is possible
to prevent damaging re-oxidation of the anode Ni to NiO us-

ing electrolysis current protection, see fig. 6 to fig. 9.

The electrolysis current was aimed to be able to match the
average leak current of the stack in order to remove all
incoming oxygen to the anode. One of the cells (cell 6) had
a leak current almost 3 times higher than the average leak
current, but there were no signs of degradation of the
cell, although it only received about one third of the
theoretical needed protection current. Thus it did not ap-

pear crucial to have a uniform distribution of the leak
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current through the stack to be able to protect the stack
using electrolysis current. The test indicated that an
electrolysis current of one third of the cells leak current
is enough to protect the anode from re-oxidizing, see fig.

6 to fig. 9.

The stack was subjected to 4 thermal cycles where the stack
was heated to app. 800°C, characterized and then cooled to
app. 400°C. The anode was protected against re-oxidation by
electrolysis current during heating up and cooling down.
There was no change in ASR or leak current of the stack af-
ter 4 thermal cycles with electrolysis current protection
of the anode. This indicates that electrolysis current pro-
tection is effective during start-up and shut-down, see

fig. 11 and fig. 12.

Example 1: Comparison of inventive process with process

disclosed in US patent application no. 200028362

In US 200028362 Al a PSU is applied when the SOFC voltage
or the fuel pressure drops below a “critical value”. If the
unit is applied when the voltage becomes too low, local
failures can occur which are not detected and the power

supply is applied too late”.

Below are two examples of failures of the control in US

0028362:

The SOFC stack voltage in a 10 cell stack is used to con-
trol the PSU, and the critical voltage is set to 700 mV pr
cell which equals 7 V for the SOFC stack.
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The individual voltages of the cells will vary depending on
cell quality, local leaks etc. This means that a measured
stack voltage of 7.7 V (which is above the critical limit)
could be achieved by 9 cells with 800 mV and one cell with
500 mvV ((9x0.8)+0.5 = 7.7).

This means that the one cell with a voltage of 500 mV needs
protection against re-oxidation, but no PSU will be applied

until the entire stack voltage is below 7 V.

The same applies when the control of the anode oxidation in
US 200028362 is the monitoring of individual cell voltages.
The cell voltage can be above “the critical value” while a

local leakage on the cell will re-oxidise part of the cell,

as shown in fig.3.

Example 2: First Thermal Cycle with applied Electrolysis

Current

The stack was heated up without protection gas, but with
applied PSU current, then subjected to 4 periods of anode
protection using PSU current at operational temperature be-

fore shut-down with PSU current as shown in fig.7.

The stack was characterized between every period with ap-
plied PSU current with a standard IV-curve to 25 A. These
characterizations where made to compare performance of the
stack with the test performed on the standard stack in pi-
lot P5-046 and during the test with the process of the in-
vention in pilot P1-084. The characterization-curves for
the tests in pilots P5-046 and P1-084 nos.1-5 are shown in
fig. 6.
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As can be seen in fig. 6, the stack performance improves
from P5-046 to P1-084 UI#1 and again to P1-084 UI#2 which
are the two characterizations after start-up with elec-
trolysis current and a period of 1 hour at operational tem-

perature with applied protection current.

The performance of the stack is then the same for UI nos. 2
to 5, showing that the anode protection with PSU current is
effective during start-up and at operational temperature

(800°C) for a period up to approx. 63 hours.

Fig. 8 shows the calculated minimum, maximum and average
ASR at 25 A, standard conditions for the standard stack
during the first thermal cycle with periods of anode pro-
tection using PSU current. It can be seen that the ASR is
reduced from the initial test, and that the ASR is not sig-
nificantly changed after periods with PSU current to pro-

tect the anode from re-oxidation.

Fig. 9 shows the calculated leak current for the stack from
the initial test in pilot P5-046 and during first thermal
cycle in pilot P1-084. It can be seen that the average leak
is almost constant during the test, indicating that no ex-

tra leakage caused by cracking of the anode has a cured.
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CLAIMS

1. Process for operating a high temperature fuel cell
stack, the process comprising the following steps:

a) connecting the fuel cell stack in parallel to a power
supply unit at a predefined temperature and/or voltage of
the fuel cell stack,

b) applying a voltage from the power supply unit of be-
tween 700 to 1500 mV per fuel cell across the fuel cell
stack irrespective of the electromotive force of the fuel
cell stack,

c) heating up the fuel cell stack from the predefined
temperature to operation temperature while maintaining the
voltage per fuel cell from the power supply unit,

d) maintaining the fuel cell stack at or above a prede-
termined operation temperature and/or above a predetermined
voltage until the fuel cell stack is to be put into opera-
tion,

e) supplying fuel to the fuel cell stack,

f) disconnecting the power supply unit followed by

g) connecting a power-requiring load to the fuel cell
stack.
2. Process according to claim 1, comprising disconnecting

the load, followed by applying a voltage from the power
supply unit of between 700 to 1500 mV per fuel cell across
the fuel cell stack irrespective of the electromotive force
of the fuel cell stack, until the fuel cell stack is either
put into operation again or the fuel cell stack is cooled

down to the predefined temperature.
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3. Process according to claim 2, comprising putting the
fuel cell stack into operation again by carrying out steps

e), f) and g).

4. Process according to claim 3, comprising disconnecting
the fuel supply while applying a voltage from the power
supply unit of between 700 to 1500 mV per fuel cell across
the fuel cell stack.

5. Process according to anyone of claims 1, 2, 3 or 4,
comprising disconnecting the load followed by applying a
voltage from the power supply unit of between 700 to 1500
mV per fuel cell across the fuel cell stack irrespective of
the electromotive force of the fuel cell stack, disconnect-
ing the fuel supply to the fuel cell stack and finally
cooling down the fuel cell stack to the predefined tempera-

ture.

6. Process according to anyone of claims 1 to 5, wherein
the voltage from the power supply unit of between 700 to

1500 mV per fuel cell includes production tolerance.

7. Process according to claim 6, wherein the voltage from

the power supply unit is 1000 mV per fuel cell.

8. Process according to anyone of claims 1 to 7, wherein
the predefined temperature is between ambient temperature

and 300°C.

9. Process according to anyone of claims 1 to 8, wherein
the fuel cell stack is operating in electrolysis mode in

steps a) to d) and in SOFC mode in steps e) to g).
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10. Process according to anyone of claims 1-9, wherein a
gas comprising steam is added at step c) to the fuel elec-

trode.

11. Process according to anyone of claims 2, 4 or 10,
wherein hydrogen produced in the fuel cell stack is trans-
ferred to a fuel processing system upstream the fuel cell

stack.

12. Process according to claim 11, wherein the fuel proc-
essing system is a reformer or a hydrodesulphurisation

unit.

13. Process according to anyone of claims 1-12, wherein
the high temperature fuel cell is a molten carbonate fuel
cell or a solid oxide cell. is a solid oxide fuel cell or a

solid oxide electrolysis cell.

14. Process according to claim 13, wherein the solid oxide
cell is a solid oxide fuel cell or a solid oxide

electroysis cell.
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