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As low-COo, efficient energy suppliers, high-temperature fuel cells for
stationary use represent a promising technology for the future. However, the
devices currently available are not yet robust enough and have an inadequate
service life. A newly developed “smart” material promises to remedy this
shortcoming.
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In Japanese households, over 120,000 pwer units with fuel‘ cells hve been installed with government support. Source:
AdobeStock
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An innovative material that regenerates itself makes stationary fuel cells more durable and
thus more economical.

Fuel cells equipped with the new material could be operated directly with C@-neutral
energy sources such as biogas.

As efficient small-scale power plants that simultaneously supply buildings with electricity
and heat, fuel cells could contribute to reducing CO, emissions.

An important aspect of Energy Strategy 2050 is an increasingly decentralised energy supply.
Potential energy suppliers include stationary fuel cells, especially high-temperature fuel
cells, which operate at temperatures of up to 900 degrees Celsius. In terms of efficiency,
these small-scale power plants are unbeatable: a fuel cell can simultaneously supply a
household with electricity and heat and at the same time harness 95 % of the energy in the
fuel. In contrast, the current energy supply for households, which is fed by mains electricity
and fossil energy sources, achieves an overall efficiency of just 60 %.

Thanks to their high efficiency, high-temperature fuel cells also emit less CQ than the
energy suppliers commonly used today. CO, emissions can be reduced even further if CQ-
neutral gas from renewable sources such as biomass is used as fuel.

Until now, however, fuel cells have not been able to establish themselves as an energy
source. One problem is their relatively short service life, which makes the devices more
expensive. Furthermore, high-temperature fuel cells are sensitive to sulphur compounds
such as those found in biogas. Such impurities are therefore first removed from the gas —
which is a costly process.

The Achilles’ heel of the high-temperature fuel cell is the catalyst that splits the fuel
molecules and thus releases hydrogen for the energy-generating reaction. Conventional
catalysts do not tolerate repeated switching on and off very well because the catalytically
active component nickel clumps and loses its function over time. The high operating
temperature also has a similar damaging effect over time.
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Smart self-healing

This weakness is where the work of the researchers from the Zurich University of Applied
Sciences (ZHAW) comes in. They have developed an innovative catalyst material with
unique “smart” properties. The new material regenerates itself when the fuel is alternately
switched on (reductive conditions) and off (oxidative conditions). Unlike conventional high-
temperature fuel cells, this redox cycle is not harmful to the catalyst, but rather has a
revitalising effect. Thanks to a newly developed manufacturing process, the nickel remains
distributed in fine particles and thus retains its catalytic function over an extended period of
time. Furthermore, the material not only works better with sulphur-containing fuels, but
rather also performs at full capacity again after just two redox cycles. All of these advantages
considerably extend the service life of the catalyst. The innovative material also has another
attractive feature: compared to existing fuel cells, it reduces the nickel requirement by 90 %
and thus promises to have a lower environmental impact.

Well rooted

Unlike in the past, the nickel particles in the newly developed material do not lie on the
carrier material, but are actually rooted in it. The researchers suspect that this stabilises the
catalyst and prevents the nickel from clumping.

This is mainly due to a new manufacturing process. This ensures a highly pure and
homogeneous mixing of the nickel with the other components and gives the material its “self-
healing powers”. The researchers were able to show that these smart properties are also
retained in a practical test setup.

A promising start

There is still a long way to go, however, before the new catalyst material can be launched on
the market, as it has not yet been installed in any fuel cell. Other material properties also
play a role in the performance of the complete device — especially electrical conductivity.
This is currently much lower than that of conventional catalysts. A fuel cell with the new
material in its currently available form would therefore still deliver insufficient power.
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Market measures are also required

However, the scientists also point to the market situation, which is currently unfavourable for
the spread of fuel cell systems. In Switzerland, for example, there is no nationwide
promotion of such devices, and the low electricity prices reduces their cost-effectiveness.
Furthermore, consumers are not yet aware enough of the technology and its advantages.
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Fundamental relationships between
3D pore topology, electrolyte
conduction and flow properties:
Towards knowledge-based design of
ceramic diaphragms for sensor
applications

Date of publication: 01.01.18

Structural Reversibility and Nickel
Particle stability in Lanthanum Iron
Nickel Perovskite-Type Catalysts
Date of publication: 01.01.18

Big Data for Microstructure-Property
Relationships: A Case Study of
Predicting Effective Conductivities
Date of publication: 01.01.18

Lanthanum doped strontium titanate
- ceria anodes: Deconvolution of
impedance spectra and relationship
with composition and microstructure
Date of publication: 01.01.18

Smart material concept: reversible
microstructural self-regeneration for
catalytic applications

Date of publication: 01.01.18

Microstructure-property relationships
in a gas diffusion layer (GDL) for
Polymer Electrolyte Fuel Cells

Date of publication: 01.01.18

Stochastic 3D modeling of complex
three-phase microstructures in
SOFC-electrodes with completely
connected phases

Date of publication: 01.01.18

SMART catalyst based on doped Sr-
titanite for advanced SOFC anodes
Date of publication: 01.01.18

Optimization of Ni-YSZ Anode
Performance by Virtual Materials
Testing

Date of publication: 01.01.18
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Exsolution and integration of
nanosized SMART catalysts for next
generation SOFC anodes

Date of publication: 01.01.18

LST-CGO anodes: deconvolution of
impedance spectra and relationship
with composition and microstructure
Date of publication: 01.01.18

Lanthanum doped strontium titanate
- ceria anodes: Deconvolution of
impedance spectra and relationship
with composition and microstructure
Date of publication: 01.01.18

SMART catalyst based on doped Sr-
titanite for advanced SOFC anodes
Date of publication: 01.01.18

Exsolution and integration of
nanosized SMART catalysts for next
generation SOFC anodes

Date of publication: 01.01.18

Self Self-regenerating catalyst for
efficient energz production with
renewable fuels

Date of publication: 01.01.18

Renewable fuels for sustainable
electricity production
Date of publication: 01.01.18

Puzzleteile eines neuen
Energiesystems
Date of publication: 01.01.18
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All information provided on these pages corresponds to the status
of knowledge as of 17.12.2018.
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