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Electrowinning is one of the most important metal production processes, consuming significant
amounts of electric energy worldwide. The total energy consumed by electrowinning in U.S.A is the order
of 1-2 % of the total energy consumption, and this high energy consumption is caused by a high voltage of
the electrolysis, which is mainly due to oxygen evolution reaction; it is the anodic reaction in electrowinning
using sulfuric acid based solutions. In case of copper electrowinning, the overpotential of oxygen evolution
is approximately 10 times larger than that of the cathodic reaction, i.e., metal deposition, and accounts for
25-40 % of the total cell voltage, when the anode comprises lead alloys which have been employed for a
long time. In addition, the electrowinning solutions contain metal ions such as Pb(IT), Mn(II) or Co(1l) ions
as a minor component, and these ions are also oxidized on lead alloy anodes, which are unwanted side
reactions and result in anodic deposition of PbO,, MnOOH or CoOOH. Such oxide depositions further
increase oxygen overpotential and reduce the anode’s lifetime, since the deposited oxides have a low
conductivity and a low catalytic activity for oxygen evolution. Therefore, reduction in oxygen overpotential
and suppression of anodic metal oxide deposition are much important to realize a more energy-efficient
electrowinning process which can reduce the energy consumption and less metal oxide sludge originated
from deposited metal oxides.

Ruthenium oxide (RuO») is known as the most active metal oxide for oxygen evolution in
aqueous solutions, and RuO»-based coatings have been widely investigated as an oxygen evolution catalyst,
in which thermal decomposition of a precursor solution is usually used to prepare such oxide coatings on a
titanjum substrate. While RuO,-based oxide coated titanium electrode is known to be highly catalytic for
oxygen evolution in acidic media, there has been no practical applications of the electrode in electrowinning.
In addition, the effects of thermal decomposition temperature on the RuO,-based coatings have hardly been
examined. From the background mentioned above, I aimed in this thesis to investigate the characterization
and performance of RuQ»-Ta,Os coated titanium anodes prepared at different thermal decomposition
temperatures and Ru:Ta mole ratios for electrowinning applications. The suppression effects to the anodic
metal oxide deposition and the durability for oxygen evolution on these anodes were also studied.

Ru0,-Ta;Os/Ti anodes were prepared by thermal decomposition of precursor solutions containing
Ru (IIT) and Ta (V). The temperature ranged from 260 °C to 500 °C, and the Ru:Ta ratio ranged from 30:70
mol% to 90:10 mol%. The characterization of the coatings was done with XRD, SEM and EDX.

Voltammetric measurements were performed to obtain double layer charge, polarization curves, and Tafel



slope in acidic aqueous solutions. Constant current electrolysis was conducted to measure the cell voltage
during electrowinning of zinc, copper, nickel and cobalt and to evaluate the durability for oxygen evolution

in continuous electrolysis.

The catalytic coatings prepared consisted of a mixture of amorphous RuO; and Ta,Os, when the
thermal decomposition temperature was 280 °C or less. SEM observation revealed that the oxide coating
comprised nano particles of RuO; uniformly dispersed in amorphous Ta;Os matrix. One of the most
specialized points of such amorphous oxides was that nano RuO, particles induced the increase in effective
surface area and change in rate determining step for oxygen evolution, resulting in a significant decrease in
oxygen overpotential. The amorphous RuO»-Ta;Os/Ti electrode prepared at 80 mol% Ru and at 260 °C was
found to be the best performance for oxygen evolution; the oxygen overpotential was 0.20 V lower than that
prepared at 30 mol% Ru and at 500 °C, the amorphous oxide anode showed the increase in overpotential of
PbO, deposition. As a result, the difference between the onset potentials of oxygen evolution and PbO»
deposition reached 0.58 V with amorphous RuQO,-Ta;Os/Ti anode, and it was revealed that the overpotentials
of these two reactions occurring on the same anode were individually controlled; amorphous RuO, works to
accelerate oxygen evolution and suppress PbO, deposition. The amorphous oxide anode further
demonstrated that the cell voltage of zinc or copper electrowinning was successfully reduced by 0.7 V in
maximum compared to lead alloy anode and showed a high durability for oxygen evolution even at a high
current density like 5,000 A m2. In conclusion, the amorphous RuO,-Ta;Os/Ti anode has a high possibility
for a significant electric energy saving, suppression of anodic metal oxide deposition and a long lifetime in
various kinds of electrowinning processes in which the anodic reaction is oxygen evolution.



