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Abstract: Hydrogen production by high temperature steam electrolysis is one of the potential processes to solve
the problem of large-scale of hydrogen production. Solid State Electrolysis Cells (SOEC) high-temperature
electrolysis of water for hydrogen production has outstanding advantages. The hydrogen production is clean,
energy saving and efficient, since the electricity and heat required for electrolysis are provided by renewable
energy or advanced nuclear energy, which meets the demands of sustainable development of today's society.

Atmosph eric plasma spraying (APS) can be used as cast-effective process for manufacturing functional
layers of SOEC including anode, cathode and electrolyte since APS is flexible to deposit different coatings at
high deposition rate with easy automation of the process. However, the electrode coating of SOEC prepared by
APS presents a typical lamellar structure which is different from that produced by traditional methods such tape-
casting. Thus, the effect of the microstructure on the electrode performance should be investigated for optimizing
anode to prepare high productive SOEC. Therefore, taking account of dominant effect of powders structure along
with their melting on the deposit structure, in this study, Ni/YSZ anodes were deposited by APS using different
sizes of agglomerated NiO/YSZ powders. The effects of spray particle features on the anode microstructure
and electrochemical performance were systematically studied. The microstructure and composition distribution
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of the electrode were characterized by X-ray diffraction (XRD) and scanning electron microscopy (SEM). The
impedance of the electrode and the electrochemical performance of the cells were measured by electrochemical
method. XRD showed that the composition of coating was little influenced by different powder particle sizes.
However, the microstructure of the electrode changed significantly with powder particle size. SEM showed that
the sprayed anodes is mainly composed of uniformly distributed NiO and YSZ. The porosity of the electrode
increased with the increase of the powder particle size. The electrochemical performance tests showed that the
catalytic activity of sprayed Ni/YSZ was influenced significantly by particle melting degree. The melted NiO and
reduced Ni are deposited on the electrolyte surface to improve the contact state between the hydrogen electrode
and electrolyte and continuity of electrode, while the unmelted part increases the micro-pores of the electrode. The
melting degree of the powder particles with a particle size is 30~50 um is moderate, thus yielding the hydrogen
electrode with the lowest impedance. The output performance of the electrolytic cell assembled by using APS
NiO/YSZ hydrogen electrode decreases with the increase of the hydrogen electrode impedance. At 800  and 600
the polarization resistance was 0.12 and 0.48 Q-cm’, respectively. Thereafter, a SOEC is assembled with the
APS hydrogen electrode with the lowest impedance prepared using a particle size of 30~50 um on a 1 mm ScSZ
electrolyte for cell performance test. The electrolytic cell showed the best performance, and the current density
reached 0.64 A/cm” when the electrolytic voltage is 1.5 V at 800
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Table 1 Parameters of atmospheric plasma spraying

NiO/YSZ LSCF
/ kW 36 30
'V 66 50
/A 545 600
(Ar)/ slpm 45 45
(H,)/ slpm 10 1.5
/ g'min’! 25 25
/ mm 100 100
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Fig. 2 XRD patterns of NiO/YSZ coating by APS
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Fig. 3 Cross-sectional morphologies of NiO/YSZ coating before reduction:

(a) small size powder; (b) medium size powder; (c) large size powder
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Fig. 4 Cross-sectional morphologies of NiO/YSZ coating after reduction:
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Fig. 5 Output performance of electrolytic cell at different temperatures:
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