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Abstract

Abstract

Titanium (Ti) anodes have been widely applied in the fields of hydrometallurgy,
cathode protection, electrolyzations of copper foils and aluminum electrode foils, as well
as electrosynthesis of ethylene succinic acid. A Ti anode usually consists of a Ti base and
an active coating. At the current stage, iridium (Ir) based oxides have been predominantly
used as the active coatings for oxygen evolution reaction (OER), which exhibit low voltage
for OER and long service life. However, the significant amount of highly priced noble
metal Ir required results in high cost of electrodes. It is, therefore, necessary to research
and develop non-noble metal based coatings in an effort to gradually replace noble metal
based coatings. Furthermore, the overall performance of a Ti anode is not efficient as
expected since a Ti base material behaves only as an electric current conductor and a
dimension stabilizer. It has become urgent to solve this problem by designing better base
materials and by making the coating perform more efficient. In this work, the preparation
methods and parameters were explored to fabricate porous Ti substrate and Ir based porous
coatings separately for OER. Accordingly, a novel porous Ti anode composed of the
porous Ti substrate and the porous Ir oxide-tantalum oxide (IrO,-Ta;Os) coating was
prepared throughout the investigation of non-noble metal oxide intermediatelayer. The
surface morphologies, electroactivities and life performances of the porous Ti substrate, the
porous IrO,-Ta,Os coating and the porous Ti anode were characterized. The growth
processes of the porous 1rO,-Ta,Os coating were systematically investigated and the failure
mechanisms of the coating are elucidated.

The experimental results revealed that larger specific surface areas and more
interconnected pore channels were achieved from the porous Ti substrate prepared by
powder metallurgic technology. Compared with the conventional 1rO,-Ta,Os coating, the
life performance of the novel porous IrO,-Ta,Os coating was significantly prolonged for
more than three times in sulfuric acid solutions. Four characteristic processes involving
initiated, continuous, intercrossing and complete coating growths were identified. Less

nanocrystallites were initially formed on Ti. As the time passed, the quantities of the
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nanocrystallites apparently increased, and the sizes of nanocrystallites grew larger.
Subsequently, the nanocrystallites became more and more dense, resulting in the intercross
growth and the formation of porous coatings.

The degradation of novel porous IrO,-Ta,Os coating was mainly caused by two facts,
the consumption of porous coating framework and relative composition changes in the
coating. At the beginning, the consumption of porous coating framework was the main
consumption way in accelerated test life, the electrode failure was mainly caused by the
complete consumption of Ta at the coating, which damaged the porous structures and
destroyed the pore channels. The consumption of Ir, at the end, was the main consumption
way in accelerated test life.

By introducing low priced metal oxide intermediatelayer, the porous Ti anode was
obtained by combining the abovementioned porous Ti substrate and novel long-life
performing porous IrO,-Ta,Os coating. The life performance of the porous Ti anode had
been remarkably improved.As the electrolytic reaction occurred at the three-dimensional
plane at the new-type Ti anode instead of two-dimensional plane at the conventional Ti
anode, the life time became more than 10 times longer than that of conventional Ti
anode.The failure of porous Ti anode was mainly caused by the metal consumptionsin of

the IrO,-Ta,0s coating and the block of pore channels in the electrode.

Keywords: Porous titanium anode; porous active coating; oxygen evolution reaction
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