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1 Introduction  

The staxera integrated stack module (ISM) is a solid oxide fuel cell (SOFC) module according 
to DIN IEC 62282-2. The ISM consists of a SOFC stack within an insulated enclosure. It is 
intended for integration within a SOFC system or test station. The ISM converts chemical 
potential energy to electrical and thermal energy via an electrochemical process operating at 
a nominal temperature of between 700°C and 850°C.  

 

                     Figure 1: Integrated Stack Module                    Figure 2: Cut-away view showing stacks 

 

Further general information regarding SOFC stacks can be obtaiƴŜŘ ŦǊƻƳ ǘƘŜ ¦{!Ωǎ bŀǘƛƻƴŀƭ 
9ƴŜǊƎȅ ¢ŜŎƘƴƻƭƻƎȅ [ŀōƻǊŀǘƻǊȅΩǎ CǳŜƭ /Ŝƭƭ IŀƴŘōƻƻƪΥ  

http://www.netl.doe.gov/technologies/coalpower/fuelcells/seca/pubs/FCHandbook7.pdf 

  

http://www.netl.doe.gov/technologies/coalpower/fuelcells/seca/pubs/FCHandbook7.pdf
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2 General safety strategy 

This section presents the general safety strategy of the ISM, with particular reference to 
Section 4.1 of DIC IEC 62282-2. 

2.1 Safety concept and design solutions 

The ISM includes a gas tight welded sheet-steel enclosure around the stack. This enclosure is 
designed as a cathode manifold and also as a housing to prevent the leakage of any anode 
gases to the environment. In the event of crossover between anode and cathode, all 
combustible or hazardous anode gases will remain within this sheet-steel enclosure, and can 
only exit the ISM via either the anode exhaust tube or the cathode exhaust tube.  

2.2 Leak of flammable gases 

The ISM satisfies DIN EN 62282-2 Section 4.2.4 as the operating temperature of the ISM 
(850°C) is above the self-ignition temperature of the gases used in 
the ISM. If the ISM is operated at a temperature below the self-
ignition temperature of the gases (defined as 700°C), then the ISM 
should be brought to a safe operating mode by using purge gas.  

If the operator operates the ISM below 700°C with flammable 
gases (such as hydrogen), and a crossover leak occurs between 
anode and cathode, then an explosive mixture can be created. 

In normal operation there are no leaks from the ISM. If a failure in the ISM occurs, 
flammable or poisonous gases (such as hydrogen or carbon monoxide) can leak from the 
ISM. Possible paths of a leak could be weld points, through-oxidation of the sheet metal, or 
the pressure take-off points (tube and connectors). The ISM should only be operated within 
a ventilated enclosure such as an enclosed test station or an enclosed system. 

2.3 High temperature 

The ISM has an internal operating temperature of 850°C. Some 
components (in particular the current take off rods underneath the 
ISM) have a high temperature (> 70°C) during operation.  These 
components are enclosed behind the floor plate of the ISM. Do not 
remove the floor plate or touch the ISM during operation. All external 
surfaces of the ISM have an operating temperature less than 70°C. 

2.4 Mechanical hazards 

The ISM has no significant mechanical hazards.  

2.5 Electrical isolation between stack and housing 

The stack is electrically (galvanically) isolated from the housing. 

A galvanic isolation test according to DIN EN 62282-2 Section 5.7 (< 1 mA at 500 V, when the 
ISM is at an operating temperature of 850°C) is in planning. 
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2.6 High voltage at current cables 

The ISM can generate a voltage of up to 80 V, measurable at the 
end of the two current cables. Do not touch the current cables 
during operation. The current cables should be connected to the 
electronic load (or DC-DC/AC converter) according to all relevant 
local electrical regulations.  

2.7 High voltages at thermocouple sockets 

Some thermocouples within the ISM are inserted into the core of 
the stack. During operation these thermocouples are exposed to 
the stack voltage, which can be up to 80 V. Any data acquisition 
equipment connected to these thermocouples should have a 
galvanic isolation between each channel of at least 80 V.   

2.8 Soot deposition and pressure build up 

Some anode gas compositions can thermodynamically generate carbon particles, or soot. 
Soot deposition can be predicted, as a function of gas composition and temperature.  Soot 
deposition can be prevented by maintaining a sufficiently high ratio of steam to carbon (for 
example a steam to carbon ratio of 2 if methane is used as the fuel). If soot is deposited 
within the ISM during operation, this can block the internal flow channels and lead to 
pressure build up or even the failure of a connection, producing a leak of a flammable or 
poisonous gas.   

2.9 Safety during disposal 

The ISM includes hazardous materials (for example nickel) and 
must be disposed of according to all relevant local laws and 
regulations. staxera offers a disposal service for the ISM. Please 
contact staxera at customer-service@staxera.de for further 
information. 

CƻǊ ŦǳǊǘƘŜǊ ƛƴŦƻǊƳŀǘƛƻƴ ǇƭŜŀǎŜ ǊŜŦŜǊ ǘƻ ǘƘŜ ǎŜŎǘƛƻƴ ά5ƛǎǇƻǎŀƭέ ƛƴ 
this document. 

2.10 Safety issues if damaged 

The ISM includes hazardous materials, for example nickel. If the ISM is heavily damaged, 
hazardous dust (for example nickel dust) can be released. The ISM should be placed inside a 
dust proof container and then disposed of. staxera offers a disposal service for the ISM. 
Please contact staxera at customer-service@staxera.de for further information. 

2.11 Liability issues 

This document contains information developed from operation of staxera ISMs and stacks 
within staxera test environments and is presented in good faith to the best of staxera's 
knowledge. 

mailto:customer-service@staxera.de
mailto:customer-service@staxera.de
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Please be aware that different system set ups may lead to different behavior of the stacks. 
staxera can not be held liable for damages of the stack occurring during operation even if the 
above recommendations are applied. 
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3 Product description 

3.1 General 

Item Specification Comment 

Height 575 mm  

Width 447 mm  

Depth 357 mm Excluding gas interface tubes 

Volume 92 liters Excluding gas interface tubes 

Mass Җ ср ƪƎ  

3.2 Stack design 

Item Specification Comment 

Stack Mk200, 60 cell  

Cells Electrolyte supported Supplied by H.C. Starck 

Seals Glass / ceramic  

Interconnectors Stamped sheet metal Crofer 22 APU 

3.3 Performance (defined operating point) 

Item Specification Comment 

Electrical power җ 1100 W  at current interface 

Electrical current 26.2 A Results in җ 75% fuel utilization 

Electrical voltage җ 42 V At current interface 

Operating 
temperature 

850°C  

Anode gas 
composition  

40% H2 in N2 Without humidification 

Anode gas flow rate 36 Nl/min  

Anode gas inlet 
temperature 

800°C T1001 anode inlet 

Cathode 
composition 

atmospheric Alternative: dry compressor air 

Cathode flow rate ~ 150 Nl/min Flow rate is adjusted to realize stack 
operating temperature. 

Cathode inlet 
temperature 

650°C T2001 cathode inlet 

Operating 
temperature 

850 - 860°C Whichever stack core temperature is 
the highest: T2101, T2102, T2103, 
T2104, T2105, T2106 

Operating pressure 5 - 10 mbar gauge  
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3.4 Performance guarantee 

Item Specification Comment 

Electrical power 1100 W At defined operating point 

Lifetime 5.000 hours At defined operating point 

Thermal cycling 20 cycles At defined cycle process 

Pressure drop anode Җ мр Ƙtŀ At defined operating point 

Pressure drop 
cathode 

Җ мр Ƙtŀ At defined operating point 

External 
temperature 

Җ тлϲ/ At defined operating point 
At any point on metal housing 

3.5 Admissible fuel composition 

Anode gas may be composed of any mixture of fuels (H2, CO, CH4) and dilutants (N2, H2O, 
CO2). Other fuels (such as pipeline natural gas, biogas, landfill gas, ethanol, petrol, diesel, 
etc) should first be reformed to a gas containing the components listed above. 

Note ς fuel compositions which lead to soot deposition should be avoided. This can be 
predicted using thermodynamic equilibrium calculations. For example, if methane (CH4) is 
used as a fuel, the steam / carbon ratio should be greater than 2 to avoid carbon deposition. 
Please contact staxera at customer-service@staxera.de for more information. 

3.6 Typical emissions 

The anode exhaust gas composition is defined by the anode inlet gas composition (and flow 
rate) and the magnitude of electrical current flow in the stack. If current is drawn, oxygen is 
added to the anode gas mixture. 

 

 

  

mailto:customer-service@staxera.de
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3.7 Product drawing 
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3.8 Process and instrumentation interfaces 

The ISM is supplied with the following interfaces: 

Interface Specification Comment 

Cathode inlet 30x2mm tube Material: 1.4841 
Note: the system or test station may 
not transfer forces to the tubes. This 
may cause the tubes or the 
construction within the ISM to bend 
or fail.  Compensators should be used 
between the ISM and the system or 
test station. 

Cathode exhaust 30x2mm tube 

Anode inlet 25x2mm tube 

Anode exhaust 25x2mm tube 

Current 2 cables, 2m long Copper area 16mm2 

Voltage 25 pin Sub-D socket 12 blocks each of 5 cells 

Temperature  Type-N miniature 
sockets (twelve) 
Note: stack core 
thermocouples are 
exposed to the stack 
voltage.  Data acquisition 
equipment should have > 
80 V electrical insulation 
between channels. 

 

T1001 Anode inlet (tube) 
T1002 Anode exhaust (tube) 
T2001 Cathode inlet (tube) 
T2002 Cathode exhaust (tube) 
T2004 Cathode inlet (stack) 
T2005 Cathode exhaust (stack) 
T2006 Cathode exhaust (stack) 
(T2006 is twin of T2005) 
T2101 MEA 1/2, cell 1 
T2102 MEA 1/2, cell 15 
T2103 MEA 1/2, cell 45 
T2104 MEA 1/2, cell 60 
T2105 MEA 3/4, cell 14 
T2106 MEA 4/4, cell 16 

Pressure take-off 6mm compression fitting 
(four) 

P1001 Anode inlet 
P1002 Anode exhaust 
P2001 Cathode inlet 
P2001 Cathode exhaust 

Structural Bosch profile 30mm Material: aluminium 

Ground (earth) Any point on Bosch 
profile 
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3.9 Detailed description of interfaces 

3.9.1 Location of process interfaces (gases) 

Please refer to the product drawing for the location of process interfaces (gases). 

3.9.2 Location of interfaces (instrumentation) 

 

 

3.9.3 Fuel 

The fuel interfaces are tubes with a 25mm outer diameter and a 2mm wall thickness.  
staxera recommends using an orbital TIG welding machine to join the ISM with the system.  
Alternatively, a flange can be welded to the tube. After welding, the fuel tubes should be 
thermally insulated so as to prevent excessive heat transfer to the structural housing. 

3.9.4 Air 

The air interfaces are tubes with a 30mm outer diameter and a 2mm wall thickness.  staxera 
recommends using an orbital TIG welding machine to join the ISM with the system.  
Alternatively, a flange can be welded to the tube. After welding, the air tubes should be 
thermally insulated so as to prevent excessive heat transfer to the structural housing.  

3.9.5 Current 

The current interface is two cables, 16mm2 with length 2m, without cable shoes. The 
customer should fit appropriate cable shoes to suit their inverter or electronic load. 
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3.9.6 Cell voltages 

The ISM is supplied with voltage signals for 12 blocks of 5 cells each.  The interface is a 
standard Sub-D socket.  

 

 

3.9.7 Temperature 

The ISM is supplied with type-N thermocouples for all temperature measurements. The 
customer interface is miniature panel sockets. For more information on the sockets please 
refer to: http://www.tc.co.uk/thermocouple/thermocouple_connectors.htm. The following 
diagrams describe the location of the thermocouples inside the ISM. 

http://www.tc.co.uk/thermocouple/thermocouple_connectors.htm
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