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Characteristics of the Oxygen Evolution Reaction on Synthetic Copper -
Cobalt - Oxide Electrodes for Water Electrolysis
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A nano-sized Cup.7Co2.304 powder was prepared using a thermal decomposition method to
achieve an efficient anode catalyst for an economical water electrolysis system for high-purity
hydrogen-gas production without using a noble-metal catalyst. This study showed that the cal-
cination temperature should be maintained under 400 °C to obtain a spinel copper - cobalt oxide
structure without secondary oxide phases. The powder calcined at 250 °C showed the highest cur-
rent density at the oxygen evolution reaction. This was due mainly to the increased number of
available active sites and the active surface area of the powders. Further systematic analyses of the
electrochemical characteristics of Cu;Cos_,0O4 synthesized by using the fusion method were per-
formed to assess it as potential anode material for use in alkaline-anion-exchange-membrane water

electrolysis.
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I. INTRODUCTION

Water electrolysis to Ho and Os is an electrochemical
method of hydrogen production, and water electrolyz-
ers are promising devices for the production of hydrogen
energy [1]. Three kinds of water electrolyzers are avail-
able: alkaline water electrolyzers (AWES), polymer elec-
trolyte membrane water electrolyzers (PEMWEs), and
solid oxide steam electrolyzers (SOECs) [2]. Among
them, PEMWEs show a high current density and can
produce relatively high-purity hydrogen gas compared
to other water electrolyzers [3,4]. Recently, alkaline
anion-exchange membrane (AAEM) water electrolysis
has been proposed as an alternative approach and has
attracted considerable interest [5]. Although the AAEM
water electrolysis system can produce high-purity hydro-
gen without a noble-metal catalyst and does not require
an additional drying step, issues regarding the anode
overvoltage still exist [6,7].
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In the water electrolysis reaction, the anode reaction,
the oxygen-evolution reaction (OER), has problems with
a large over-potential [8]. Noble metal oxides, such as
RuOs and IrO5, which have higher OER rates than other
materials, are used as anode catalysts to overcome the
large over-potential issue despite their high cost [9-11].
On the other hand, for commercial applications, low-
cost, non-noble metals should be used for anode cata-
lysts. Transition-metal oxides offer an alternative solu-
tion due to their low cost and excellent corrosion resis-
tance, despite the low electrocatalytic activity for the
OER [12-14]. In particular, spinel cobaltite oxides have
been largely studied as anode catalysts for the OER.
Furthermore, binary cobalt oxide is a good candidate be-
cause of its excellent electrical conductivity, availability,
low cost, and high stability, as well as its being envi-
ronmentally friendly [15]. Previously, M;Cos_,04 (M
= Li, Ni, Cu), showed high electrocatalytic activity in
the order of Co304 < Ni,Cos_,04 << Cu,Cosz_,04 <
Li,Cos_,0O4 [16]. Among these binary cobalt oxides,
Cu,Cos_,04 is considered a promising anode catalyst
because it is cost effective [17].

Various methods, such as the sol-gel technique, ther-
mal decomposition, hydrothermal synthesis, and vacuum
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sputtering, have been used to synthesize cost-effective
anode catalysts [1,15,18-20]. The sol-gel method has ad-
vantages in producing highly porous surfaces with large
active areas at relatively low temperatures. In addition,
the precursor type significantly affects the properties of
the catalysts [21-23]. Vacuum sputtering ensures pre-
cision and reproducibility and is unrelated to the type
of metal precursor [24]. Thermal decomposition is nor-
mally used to fabricate fine metal-oxide powders. This
method allows easy control of the particle size by con-
trolling the calcination temperature [1,21]. In this study,
Cu,Cosz_, 04 was synthesized by using a fusion method,
and its electrochemical characteristics as a potential an-
ode material for use in AAEM water electrolysis were
analyzed systematically.

II. EXPERIMENTS

Cu,Cos_,04 powders were prepared by using the fu-
sion method [25]. CoCly6H;0 and CuCly2H,0 were
used as the starting materials. Both were dissolved si-
multaneously in 2-propanol with a total metal concen-
tration of 0.2 mol/dm3. The Cu/Co mole ratio was
fixed to 0.7/2.3. The mixed solution was stirred for 3
hours at room temperature. Subsequently, a 50-fold ex-
cess of NaNOj3 was added to the solution and stirred for
48 hours. The solution was dried thoroughly at 70 °C
and calcined at various temperatures (250 — 500 °C)
for 1 hour in air. After heat treatment, the salt mixture
was washed in deionized water to remove the residual
salt and centrifuged to obtain nano-sized Cu,Cos_,0y4
powders.

The crystallinity and the crystal structure of the
Cug.7Cos.304 powders were characterized by using X-ray
diffraction (XRD). The morphology of the Cu,Cos_,O4
was examined by using scanning electron microscopy
(SEM). The particle size was analyzed by using a parti-
cle size analysis (PSA). The electrochemical properties of
the catalysts were examined using a three-electrode cell
in a 1-M KOH solution. Ag/AgCl (saturated KCl) was
used as the reference electrode. The counter electrode
was a Pt mesh.

The synthesized Cug.7Co2.30,4 powder and ionomer
with a weight ratio of 98:2 were mixed in ethanol. Af-
ter ultrasonication to produce dispersed powders, the ink
was dropped onto a glassy carbon disk electrode with an
area of 0.2 cm? and dried at 70 °C for 15 min in air.
Before the electrochemical test, the KOH solution was
bubbled with nitrogen gas for 30 min for the OER. The
rotation speed of the disk electrode was kept constant
at 2000 rpm for the OER study. The catalyst loading
deposited on the glassy carbon electrode was approxi-
mately 0.34 mg/cm?. Linear sweep voltammetry was
conducted within a 200 ~ 850 mV range (vs. Ag/AgCl
saturated KCl) at a scan rate of 10 mV /s. Cyclic voltam-
metry was performed between 100 mV and 600 mV (vs.
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Fig. 1. XRD patterns of Cug.7Co2.304 powders calcined
at temperatures in the range from 250 to 500 °C for 1 hour
in air. The diffraction pattern of the powders calcined at 250
°C, 300 °C and 350 °C showed patterns identical to that of

Co304. The powders calcined at higher temperatures exhib-
ited additional CuO peaks.

Fig. 2. SEM images of Cug.7Co2.304 powders calcined at
(a) 250 °C, (b) 300 °C, (c) 350 °C, (d) 400 °C, (e) 450 °C
and (f) 500 °C.

Ag/AgCl saturated KCl) at a scan rate of 50 mV/s.

III. RESULTS AND DISCUSSION

Figurel shows the XRD patterns of the Cug.7Co2.304
powders calcined at various temperatures (250 - 500 °C)
for 1 hour in air. The samples calcined at tempera-
tures between 250 °C and 350 °C exhibited XRD pat-
terns identical to that of spinel CozO4 (ICSD # 063164)
while the samples calcined at temperatures above 400 °C
showed additional CuO peaks at 35.53° and 38.44°. The
formation of additional CuO peaks at calcination tem-
peratures above 400 °C was similar to that previously
reported [26]. This suggests that the calcination tem-
perature should be maintained at a temperature under
400 °C to obtain a spinel copper-cobalt oxide structure
without secondary oxide phases regardless of the synthe-
sis method.
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Fig. 3. (Color online) Cyclic voltammograms of

Cug.7Co2.304 powders measured at 25 °C at a scan rate of
50 mV/s.
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Fig. 4. (Color online) Linear sweep voltage of

Cug.7Co2.304 powders calcined at various temperatures.

Figure 2 presents SEM images of Cug7Co2.304 pow-
ders calcined at various temperatures. Agglomerated
fine Cugp.7Co2.30,4 powders with a relatively uniform
size distribution were observed. On the other hand,
an octagonal-shaped CuO phase with a large particle
size started to appear at calcination temperatures above
400 °C. This result agreed with the XRD data. The
mean particle size of the Cug.7Co2.304 powders gener-
ally increased with increasing calcination temperature.
The mean particle size of the Cug.7Cos.304 powders cal-
cined at various temperature was also analyzed by using
a PSA. Cug.7Cos.304 powders calcined at 250 °C showed
the smallest mean particle size of approximately 228 nm.
The mean particle size increased from approximately 228
to 439 nm with increasing calcination temperature from
250 to 500 °C. The calculated crystallite size and unit
cell dimensions were approximately 20 - 25 nm and 0.81
nm, respectively. The crystallite size and the unit cell
dimension were calculated from the (311) planes.

Figure 3 presents the calcination temperature-
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dependent cyclic voltammograms. A relatively broad
anodic peak was observed at approximately 490 ~ 540
mV. The peak was assigned to the Co(IV)/Co(III) re-
dox couple and appeared before the oxygen evolution
reaction [2]. The peak potential generally shifted in a
positive direction with increasing calcination tempera-
ture. The active area of the cyclic voltammogram for the
Cug.7Co2.30,4 powders calcined at 250 °C was the largest
compared to those of the powders calcined at relatively
high temperatures. This suggests that calcination at a
relatively low temperature is essential for synthesizing an
active Cug.7Cog. 304 catalyst.

Figure 4 shows the linear sweep voltammetry result
for the OER. The potential required to obtain 10 mA
cm~? was the smallest in the sample calcined at 250 °C.
The potentials were approximately 685 mV and 730 mV
in the samples calcined at 250 °C and 500 °C, respec-
tively. In addition, the Cug 7Cos 304 powder calcined at
250 °C showed the highest current density at the OER.
The current density of the Cug.7Co2.3504 powder calcined
at 250 °C at 790 mV was approximately two times higher
than that of the powder calcined at 500 °C. This is
believed to be due mainly to the difference in the ac-
tive areas. The smaller particle size of the Cug 7Cos.304
powders calcined at relatively low temperatures provided
increases in the number of available active sites and in
the active surface area.

IV. CONCLUSION

A nano-sized Cug7Cos 304 powder was prepared us-
ing thermal decomposition methods at various calci-
nation temperatures for anode catalyst applications in
AAEM water electrolysis. The samples calcined at 250 -
350 °C exhibited XRD patterns identical to spinel CozO4
while the samples calcined at temperatures above 400 °C
showed the characteristic diffraction peaks of a Co3Oy4
and CuO mixture. Agglomerated fine Cug 7Co5.304
powders with a relatively uniform size distribution were
observed. The mean particle size increased from approx-
imately 228 to 439 nm with increasing calcination tem-
perature from 250 to 500 °C. The active area of the
cyclic voltammogram of Cug 7Cos.304 powders calcined
at 250 °C was the largest compared to those calcined at
relatively high temperatures. The Cug 7Coz.304 powder
calcined at 250 °C showed the highest current density
at the oxygen evolution reaction, which is believed to be
due mainly to the increased number of available active
sites and active surface area.
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