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Abstract

In this research, the electrooxidation of ethanol was catalyzed using Zn-doped
Cuz20-Cu/CoNi heterostructure syntesized using an electrodeposition method.
Potential deposition of CoNi cocatalyst was varied to obtain the highest photo-
electrochemical performance and photocatalytic activity of Zn-doped Cu.0-
Cu/CoNi. The photoelectrochemical properties and photocatalytic activity
investigated by electrochemical impedance spectroscopy, linear sweep
voltammetry, and cyclic voltammetry. The increase of deposition potential from
-1.3Vto-1.75 Vincreased the ethanol oxidation reaction. Zn-doped Cu20-Cu/CoNi
-1.75 V electrode showed superior photocatalytic activity for the ethanol
electrooxidation compared to other electrodes. This photocatalyst showed a high
photocurrent density of 22.47 mA/cm?. Moreover, cyclic voltammetry tests up to
100 cycles indicated that CoNi deposition potential at -2 V increased the long-term
stability of the photocatalyst against the poisoning species than other electrodes.
The fraction of CoNi enhanced CO tolerance and contributed to the higher specific
activity towards ethanol electrooxidation. An excess number of CoNi at -2 V was
found to decrease photocatalytic activity but increase the photostability of the

material.

Keywords: electrodeposition, ethanol electrooxidation, photocatalyst,
cocatalyst, deposition potential, Zn-doped Cu20-Cu/CoNi, photostability

1. Introduction

Fossil fuel consumption increases carbon dioxide (CO2)
emissions into atmosphere that caused several negative
environmental impacts, such as global energy shortages
and greenhouse effect [1-3]. Therefore, studies on
renewable energy technologies are important. Currently,
direct ethanol fuel cells (DEFC) have emerged as an
effective strategy with low costs energy. The development
of DEFC is still constrained by low efficiency, due to the
formation of by-products so that the electrooxidation
kinetics of ethanol becomes slow and durability is low [4].
The use of nanostructured photo-catalysts shows high
electrooxidation activity of ethanol with long durability
because the catalytic activity of electrodes increases
significantly.

In term of photocatalyst materials, metal-doped Cu,0
like Zn has shown better photocatalytic activity. Previous
studies showed that Zn-doped Cu:0 has a good impact

such as lattice shrinkage, band-gap adjustment, surface
defects, increased photoelectrochemical properties, and
suppressing recombination electron-hole [5-14]. On the
other hand, copper metal and its oxide (Cu20-Cu) have
unique catalytic properties, high abundance, high thermal
and electrical conductivity, low toxicity level, cost-
effective, and a small band gap energy with the range of
1.2-2.2 eV so that it efficiently acts on the visible region
and absorbs more photon energy to induce redox
reactions and promises for the conversion of solar power
into electricity or chemical energy [15-17]. However, pure
Cu20 has a low electrical power conversion efficiency of 2%
[17]. In theory, Cu20 has a light-to-H2 (STH) efficiency at
water electrolysis of 18% on the 1.5 AM spectrum for solar
cells [18]. Cu20 is also limited by the light-induced recom-
bination electron-hole pairs, poor durability, unstable in
humid air and easily oxidizes to CuO [15,20-21]. There-
fore, in this study the Zn-doped composite Cu.0-Cu was
developed to increase the electrooxidation activity of
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ethanol with longer durability. The use of cocatalysts to
improve photocatalysts performance and stability is
interesting because it can trap charges and induce
electron-holes separation by creating interfaces with
photocatalysts. In addition, cocatalysts are alternative
locations of reactions thus preventing photo corrosion of
photocatalysts [20]. Precious metals such as Pt, Rh, Pd Au,
and RuO: oxides are often used as cocatalysts. However,
these metals are expensive and rare [21]. Recently,
cocatalyst of bimetallic CoNi was reported to have superior
performance at various reactions, such as alcohol
dehydrogenation, nitrile  hydrogenation, methane
reshaping, and ethanol oxidation reaction [22]. In previous
studies, CoNi with Ca-y-Al203 was used for ethanol
oxidation reactions that produce hydrogen [23]. Then,
perovskite-type oxide (PTO) coated with CoNi was used in
the Steam Reforming of Ethanol (SRE) reaction [24]. PTO
with CoNi has better performance than one without CoNi.
Zhao et al. [21] reported that the presence of bimetal CoNi
in Al203 produce a highest stability in ethanol conversion
compared to Al03/Co and Al;03/Ni. This indicate a
possible synergistic effect between CoNi cocatalysts to
improve photocurrent performance and stability of Zn-
doped Cu20-Cu as photocatalysts in ethanol electro-
oxidation. There has been no study on the Zn-doped Cu20-
Cu nanocomposite coated with CoNi cocatalyst for ethanol
electrooxidation reactions. Therefore, in this study, CoNi
cocatalyst was electrodeposited on the Zn-doped Cu20-Cu
to improve catalytic activity of the photocatalyst. The CoNi
was electrodeposited by different deposition potentials.
Photocatalytic activity of the Zn-doped Cu20-Cu/CoNi was
evaluated toward ethanol electrooxidation reaction.

2. Materials and Method

2.1 Materials

All chemical used in this studies were ACS grade
supplied by Merck, namely cupric sulfate pentahydrate
(CuS04:5H20), zinc sulfate heptahydrate (ZnSO47H20),
sodium sulfate (Na2S0a4), boric acid (H3sBOs), cobalt sulfate
heptahydrate (CoSO4:7H20), and nickel sulfate hexa-
hydrate (NiSO4-6H20). The substrate used in this work was
ITO coated polyethylene terephthalate (PET).

2.2 Zn-doped Cu20-Cu/CoNi preparation

Zn-doped Cu20-Cu was synthesized on ITO substrate by
galvanostatic with a deposition current of -1 mA/cm? that
carried out in a three-electrode cell using Ag/AgCl as a
reference electrode, and platinum electrode as a auxiliary
electrode, respectively. The electrodeposition was
controlled by a potentiostat EDAQ ER466 at 60°C for 1
hourThe Zn-doped Cu»0-Cu deposition was conducted in
an electrolyte containing 0.025 M CuS04-5H.0, 0.014 M
ZnS04-7H20, and 0.2 M NazSOa. Modification of the Zn-
doped Cu20-Cu nanocomposite with CoNi cocatalyst was

conducted by potensiostatic technique with different
potentials i.e.,, -1.3 V, -1.5 V, -1.75 V, and -2 V. The
deposition was carried out in a three-electrode cell and
controlled by a potentiostat EDAQ ER466. The CoNi were
deposited by immersing Zn-doped Cu20-Cu film into
aqueous solution containing 0.4 M HzBOs, 0.05 M
CoS04:7H20, and 0.1 M NiSO4:6H20 at room temperature
for 45 seconds.

2.2 Characterization of material

X-ray diffraction patterns were acquired using a
PANalytical AERIS XRD to study the composition and
structure of the samples. Field emission scanning electron
microscope (FESEM, Inspect F50) equipped with an energy
dispersive X-ray (EDAX, TSL AMETEK) were used to
investigate morphology and chemical compositions of the
Zn-doped Cu20-Cu/CoNi.
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Figure 1. XRD diffraction of Zn-doped Cu,0-Cu/CoNi with
different deposition potentials of CoNi.

2.3 Electrochemical measurements

Photoelectrochemical and photocatalytic activity
measurements were conducted using electrochemical
impedance spectroscopy (EIS), linear sweep voltammetry
(LSV), and cyclic voltammetry (CV) methods. All measure-
ments were performed using a standard three-electrode
system were performed using an electrochemical
workstation (CS310) with CS Studio 5 software equipped
with simulated solar irradiation (AM 1.5 G). These EIS were
recorded in 0.5 M KClI electrolyte in the frequency region
of 0.1-10* Hz. The LSV curves were recorded in 0.5 M
Na2S0s4 electrolytes under a bias voltage of between -0.5
V and 1.5 V vs Ag/AgCl at a scan rate of 10 mVs™. The CV
were recorded in 1 M ethanol + 0.1M NaOH electrolytes
under a bias voltage of between -0.2 V and 0.5 V vs
Ag/AgCl. The EIS and LSV scans were recorded with and
without irradiation conditions.
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3. Results and Discussion

3.1 Characterization analysis
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Figure 2. FESEM morphological representation of Zn-doped Cu,0-
Cu/CoNi with different CoNi deposition potentials of (a) -1.75 V
(b) -2 V.

The XRD patterns of Zn-doped Cu20-Cu/CoNi shown in
Fig. 1 confirmed the formation of Zn-doped Cu20-Cu/CoNi.
In the Zn-doped Cu20-Cu/CoNi -1.5, diffraction peaks at 2-
theta of 36.46°, 42.31°, 61.4°, 73.52°, 77.36° correspond
to the reflection of (111), (200), (220), (311), (222) planes
of the cuprite Cu20, respectively (JCPDS No. 01-071-3645).
While peaks at 2-theta of 43.33°, 50.45° correspond to the
reflection of (111), (200) planes of the copper Cu (JCPDS
No. 01-071-4609). When the CoNi deposition potential is
increased to -2 V, the weak diffraction peaks appeared at
2-theta of 44.1° and 76.1° that could be attributed to the
CoNi (JCPDS No. 01-074-5694). The presence of CoNi is also
confirmed by the FESEM measurement shown in Fig 2.

Based on the FESEM micrograph, the Zn-doped Cu.0-
Cu is truncated octahedral. The CoNi are grown around the

Zn-doped Cu20-Cu and have an almost spherical
morphology. In this study, the difference CoNi deposition
potential affected the Zn-doped Cu.0-Cu/CoNi surface
density. The more negative the CoNi deposition potential,
higher surface density of the sample. This result is
supported by the EDX data in Fig. 3, which shows that the
negative the deposition potential, the more the
composition of the Co and Ni elements increased. At -
1.75V Co and Ni elements appeared in the EDX spectrum
of 0.91% (Co) and 0.92% (Ni) Wt. %. CoNi growth of 3.86%
(Co) and 3.93% (Ni) Wt. % when the deposition potential
was -2 V. This is because the negative potential increased
the current density that increased the number of
deposited CoNi crystals [25].
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Figure 3. EDX spectrum of Zn doped Cu,0-Cu/CoNi with different
CoNi deposition potentials of (a) -1.75 V (b) -2 V.

3.2 Photoelectrochemical analysis

The efficiency of separation and charge carriers
transport and photocurrent of the Zn-doped Cu20-Cu/CoNi
were tested under visible light irradiation. The Nyquist plot
shown in Fig. 4 indicated that the increase of CoNi
deposition potential from -1.3 V to 1.75 V decreased the
resistance charge transfer (Rct) values. Meanwhile the Rct
was found to increase at -2V. This is due to the increased
of CoNi deposit. The thicker CoNi deposit can cover light
hitting the Zn-doped Cu20-Cu surface and reducing the
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production of h* and e [26]. In this study, the lowest Ret
belonged to the Zn-doped Cu20-Cu/CoNi sample -1.75 V.
This is supported by the EIS measurement of the Zn-doped
Cu20-Cu/CoNi -1.75 (Fig. 4).
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Figure 4. Nyquist plots of Zn-doped Cu,O-Cu/CoNi (a) with

difference CoNi deposition potentials and (b) the plot recorded
with and without irradiation.

Fig. 4b shows that R« with and without irradiation
increased significantly from 2150 Q to 5049 Q because the
photon energy generated from irradiation can make Zn-
doped Cu20-Cu/CoNi surface conductive and increase the
carrier density thereby accelerating charge transfer at the
electrode and solution interfaces [27-28]. The resistance
directly affects charge separation efficiency as indicated by
the photocurrent density value (Fig. 5a-b). Based on the
data, Zn-doped Cu20-Cu/CoNi -1.75 which has the lowest
resistance showed a high photocurrent value of 22.47
mA/cm?. The photocurrent increases with the increase of
CoNi deposition potential towards the cathodic direction
from -1.3 V to -1.75 V and decreases at -2V. In this case,
the CoNi cocatalyst plays the role an electron donor. An

increase in the amount of CoNi (electron donors) can
increase the electric field and high efficiency charge
separation [29]. However, increase amount of CoNi over
Zn-doped Cu20-Cu may reduce the limiting current that
may be caused by the shadowing effect [30]. Under
irradiation, photocurrent was higher compared to that
obtained without irradiation. This is due to the semi-
conductor characteristics of the Cu20 which shows good
electron transfer kinetics with irradiation.
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Figure 5. LSV curves of Zn-doped Cu,0-Cu/CoNi (a) of difference
deposition potential CoNi, and (b) recorded with and without
irradiation.

3.3 Catalytic activity test toward ethanol electrooxidation

Ethanol electrooxidation tests were performed to evaluate
the photocatalytic performance of Zn-doped Cu,0-
Cu/CoNi. It is known that the ethanol electro-oxidation
range is 0 V to 0.5 V ethanol [31]. The cyclic
voltammogram show peak between 0.2 and 0.4 V on
forward scan. This peak is derived from adsorption of
hydroxyl groups on the photocatalyst surface. In the back-
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Figure 6. Cyclic voltammetry of Zn-doped Cu,0-Cu/CoNi with difference CoNi deposition potential in ethanol electrooxidation process

(a) initial cycle and (b)-(e) comparison of initial and after 100 cycles.

ward scans an oxidation peak appeared between 0.1V and
0.2 V, representing the electrochemical oxidation of COads
and other absorbed species that are not fully oxidized
during forward scan. This is because OHags species
converted toxic species (such as CO) into CO; or other non-
toxic products on CoNi surfaces [18].

In general, the smaller the ratio of peak density backward
scan (jb) current to forward scan (jr) indicate the better
poisoning resistance of the photocatalysts in the ethanol
oxidation reaction. The different of CoNi deposition
potentials shown in Fig. 6 affected the ju/js value. Based on
the data, Zn-doped Cu20-Cu/CoNi -1.75 which has the
highest photoelectrochemical properties has superior
photocatalytic activity for electrooxidation of ethanol in
alkaline media and better poisoning resistance compared
with other Zn-doped Cu.0-Cu/CoNi becauce of the
smallest jo/jf ratio. The known electrooxidation reaction of
ethanol through 12 electrons transfer is shown in Equation

(1).
CzHsOH + 120H - 2C0; + 9H20 + 12¢° (1)

Unlike the Zn-doped Cu20-Cu/CoNi-1.75 V that has the
highest photocatalytic activity, after 100 cycles of Zn-
doped Cuz0-Cu/CoNi -2 it has the best level of
photostability (Fig. 5e). Photostability is quantified as the
percentage of photocurrent at the end of the cycle (J)
compared to at the initial cycle (Jo). This result related to
the number of CoNi deposited on the Zn-doped Cu,0-Cu.

A thicker deposit of CoNi can indeed cover the Zn-doped
Cu20-Cu that increase the stability of the photocorosion
[26]. Therefore, in this case, Zn-doped Cu20-Cu/CoNi -2 V
has high stability in the ethanol electrooxidation process.

4. Conclusion

The CoNi cocatalyst was electrodeposited over Zn-
doped Cu.0-Cu. Based on results of the load carrier
separation and transport efficiency tests showed that the
increase CoNi deposition potential towards the cathodic
direction from -1.3 V to -1.75 V increased the photo-
catalytic performance of the Zn-doped Cu20-Cu/CoNi. This
is because number of CoNi deposit increased with the
increase deposition potential. However, an excess number
of CoNi at -2 V can block light exposure on Zn-doped Cu20-
Cu surface and reduced electron and hole production
which is decreases photocatalytic activity. On the other
hand, the number of CoNi is found to contribute to the
increase of photostability of the Zn-doped Cu20-Cu. In this
study, the optimum CoNi cocatalyst deposition potential
for ethanol electrooxidation was obtained at-1.75 V, while
best photostability was produced with the deposition
potential of -2 V.
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