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Large-Scale Molecular Dynamics Simulation on Fracture Properties of Ni Electrode for Solid Oxide Fuel Cell: Effect of
Chemical Reactions by Water Vapor
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M Large-Scale Molecular Dynamics Simulation on Fracture Properties of Ni Electrode for Solid Oxide Fuel Cell:

Effect of Chemical Reactions by Water Vapor

Ni/YSZ anode of a solid oxide fuel cell (SOFC) has a problem of crack generation during high operation temperature.
Moreover, experiments showed that the possibility of crack generation depends on the amount of water vapor
in fuel during the operation. For prolonging the SOFC life, it is important to clarify the effect of water vapor on
fracture properties at atomic- and molecular-scale, however it remains unclear. In this study, the tension simulations
of polycrystalline Ni in water vapor are performed by our developed large-scale molecular dynamics simulator and
the effect of chemical reactions between the water vapor and polycrystalline Ni surface on the fracture properties is
discussed. Our large-scale polycrystalline Ni model consisting of around 2 million atoms revealed that the generation of
stacking fault in the polycrystalline Ni is accelerated in water vapor compared to that in vacuum (Figure (a) and (b)). To
clarify the reason of this effect, the compressive stress distribution is analyzed. A large compressive stress is generated
at the surface of the polycrystalline Ni in water vapor (Figure (c)), whereas it is not observed in vacuum. In water vapor,
charge transfer occurs due to the chemical reactions, leading to an increase in Coulomb force. This is the reason why
the compressive stress is generated. Thus, it is concluded that the compressive stress, which is generated by the
charge transfer due to the chemical reactions between the water vapor and Ni polycrystalline surface, accelerates the

generation of stacking fault.
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