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Abstract 
In this study, bimetallic nickel-cobalt electrocatalysts with different Ni:Co ratios were elec-
trodeposited onto indium tin oxide substrates coated by polyethylene terephthalate and 
evaluated as cost-effective catalysts for ethanol electrooxidation reaction. The physical fea-
tures of the catalysts were studied using X-ray diffraction (XRD), Raman spectroscopy and 
field-emission scanning electron microscopy, along with energy-dispersive X-ray spectro-
scopy. XRD analysis revealed a phase transition from a mixed face-cantered cubic (FCC) and 
hexagonal close-packed structure to a single FCC phase, as the cobalt content decreased. 
This change in phases greatly affected the shape of the catalyst, changing from a pebbly 
texture in the mixed-phase samples to a smooth, rounded shape in the single-phase FCC 
samples. The electrochemical properties and catalytic performance of ethanol oxidation in 
alkaline medium were investigated using cyclic voltammetry and electrochemical impedan-
ce spectroscopy. The tested electrocatalysts revealed that NiCo B having Ni:Co ratio 82:18 
possess the best catalytic activity compared to the other catalysts, reaching a current den-
sity of 14.82 mA cm-2 for ethanol electrooxidation reaction and showing great stability. This 
better performance is due to its improved physical structure, which boosts the interaction 
between nickel and cobalt, and lowers resistance to charge transfer. These findings demon-
strate the promise of NiCo as an efficient electrocatalyst for ethanol electrooxidation reaction. 
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Introduction 

Direct alcohol fuel cells (DAFCs) have attracted considerable interest due to their higher energy 

conversion efficiency, abundant energy supply, simplified system design and ability to operate 
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without high pressure or temperature [1]. Ethanol is considered a viable alternative to alcohol 

because of its less toxic characteristics and higher theoretical energy density in comparison with 

methanol [2]. In addition, ethanol offers a number of advantages such as affordability, ease of mana-

gement, convenient to transport and storage, and can produced from renewable energy sources [3]. 

Ethanol is converted into electrical energy through the cleavage of its C-C bonds, ideally providing 

12 e- and CO₂ [4]. However, the electrooxidation of ethanol at the anode occurs with slow kinetics, 

frequently leading to partial oxidation [5]. Consequently, ethanol is generally oxidised to acetic acid 

or acetaldehyde and just providing 2 or 4 e− [6].  Improving this sluggish electrooxidation process 

necessitates the utilisation of electrocatalysts. Platinum is considered the most efficient electro-

catalyst for the ethanol electrooxidation reaction (EOR) [7]. Nonetheless, their elevated expense is 

a considerable obstacle to the commercial feasibility of DEFCs [8]. Furthermore, these noble metal 

catalysts demonstrate restricted long-term durability and are particularly susceptible to CO 

poisoning, which considerably limits their total catalytic efficacy [9]. 

Among the various non-noble metals, nickel (Ni) has attracted considerable attention owing to 

its advantageous surface characteristics and modest inherent activity for ethanol oxidation [10]. In 

alkaline environments, Ni demonstrates favourable electrocatalytic properties by establishing active 

Ni(OH)₂/NiOOH redox couple, which promotes ethanol oxidation and improves kinetics via 

formation of high-valent nickel species [11]. Nonetheless, despite its affordability and availability, 

pure nickel catalysts frequently demonstrate restricted catalytic performance and inadequate long-

term stability, principally attributable to surface passivation by insulating hydroxide layers and 

poisoning by carbonaceous intermediates [12].  

Extensive efforts have been focused on structural and compositional adjustments to overcome 

these limitations. In this regard, bimetallic Ni-based systems (Ni-M; M = Cu [13], Mn [14] and Co [15]) 

have been widely studied. Ni-Co alloys exhibit significant promise; whereas cobalt (Co) alone shows 

limited EOR activity, its integration into Ni produces a synergistic effect [16]. This improvement is due 

to a bifunctional mechanism, in which Co reduces CO poisoning by enhancing OH⁻ adsorption at lower 

potentials, thus increasing the production of catalytically active NiOOH species and expediting the 

overall reaction kinetics [17]. This synergistic interaction promotes catalytic activity and improves the 

electrochemical stability of the system. The use of supplementary metal elements has been shown to 

improve both the catalytic performance and electrochemical stability of Ni-based EOR catalysts [18].  

Nonetheless, despite these benefits, obstacles persist in completely enhancing the catalytic 

efficiency of Ni-Co systems. The catalytic activity is very sensitive to the composition and 

microstructure of the alloy layers. Consequently, additional study is necessary to systematically 

enhance the composition and structural attributes of Ni-Co films. The electrodeposition technique 

is a widely utilised approach for the synthesis of thin films and alloys [19,20]. This approach 

facilitates the generation of high-purity films with extensive surface areas and adjustable topological 

structures and morphologies, which are critical features in enhancing electrocatalyst performance 

for EOR [21]. Prior study indicates that their microstructure and shape are significantly influenced 

by cobalt composition, which may be regulated through deposition parameters [22].  

Despite the availability of numerous papers on the electrodeposition of NiCo thin films, studies 

on the physical parameters related to their electrocatalytic properties are lacking. Therefore, this 

study systematically compares the phase transformation of the electrodeposited NiCo thin films 

with the EOR electrocatalytic activity. This study includes synthesis NiCo thin films which is 

electrodeposited on an indium tin oxide (ITO) coated by polyethylene terephthalate (PET) substrate 

by a potentiostatic electrodeposition method. The physical properties of these catalysts were 
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examined using X-ray diffraction (XRD), Raman spectroscopy and field emission scanning electron 

microscopy-energy dispersive X-ray (FESEM-EDX) while their electrocatalytic performance for etha-

nol oxidation in alkaline solution was investigated by electrochemical impedance spectroscopy (EIS) 

and cyclic voltammetry (CV). 

Experimental  

Materials 

Chemicals used to synthesize NiCo thin films were nickel sulfate hexahydrate (NiSO46H2O), 

cobalt sulfate heptahydrate (CoSO47H2O), and boric acid (H3BO3), the materials were analytical 

grade chemicals supplied by Merck. The substrate used was indium tin oxide (ITO) coated by 

polyethylene terephthalate (PET) with a resistance of 10 Ω/square.  

Synthesis of NiCo thin films 

The E410 potentiostat controls the standard configuration of three electrodes for the synthesize 

of NiCo thin films at room temperature by potentiostatic electrodeposition. Indium tin oxide (ITO) 

substrate with a dimension of 21 cm and a deposition area of 1 cm2 was used as working electrode, 

Pt wire as counter electrode and AgCl (3 M KCl) as reference electrode. PET substrates coated with 

ITO were selected for their excellent conductivity, flexibility and transparency, which provide an 

optimal platform for the single deposition of catalyst and efficient electrochemical analysis. Prior to 

deposition, the ITO substrate has been repeatedly washed with distilled water and ethanol. The 

solution of electrolytes (without stirring) used during the deposition is given in Table 1. Electro-

deposition was performed at a constant potential of -1.5 V for 10 minutes at room temperature 

without adjusting the deposition pH. After that, the deposited samples were washed carefully with 

ethanol, and dried at room temperature [23]. 

Table 1. Electrolyte composition for electrodeposition of NiCo thin films 

Samples NiSO46H2O (M) CoSO47H2O (M) H3BO3 (M) 

NiCo A 0.050 0.050 0.2 

NiCo B 0.075 0.025 0.2 

NiCo C 0.090 0.010 0.2 

Physical characterization 

The crystalline structure and phase of NiCo thin film were investigated by XRD using the Rigaku 

SmartLab (λ = 0.1541862 nm) with Cu K-alpha irradiation. Raman spectroscopy was carried out by 

LabRAM Aramis (Horiba Jobin Yvon) to investigate further the structure of the film. Surface 

morphology has been studied by field emission scanning electron microscopy (FESEM) using the 

JEOL Multibeam JIB 4610F system, which includes an energy-dispersive X-ray detector (EIS) for 

elemental determinations.  

Electrocatalytic evaluation 

Electrochemical evaluation of the NiCo thin films was carried out by CorrTest CS310 electro-

chemical workstation. A platinum plate was used as the counter electrode, and an Ag/AgCl electrode 

served as the reference electrode. Electrochemical impedance spectroscopy (EIS) measurements 

were taken from 100 kHz to 0.1 Hz at potential 0.6 V vs. Ag/AgCl to evaluate the charge transfer 

resistance. The electrocatalytic activity was tested using cyclic voltammetry (CV) over a potential 

range of −0.1 to 0.8 V compared to Ag/AgCl, with a scan rate of 250 mV s-1. Linear sweep 
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voltammetry (LSV) analysis was performed over a potential range of -0.2 to 0.8 V vs. Ag/AgCl at a 

scan rate of 50 mV s-1. To test the stability, chronoamperometric (CA) analysis was carried out for 

2000 s at the potential 0.6 V. All electrochemical analyses were performed in 1 M NaOH containing 

1 M ethanol. The measured potentials versus the Ag/AgCl reference electrode were converted to 

the reversible hydrogen electrode (RHE) using Equation (1) [24]: 

ERHE = EAg/AgCl + Eo
Ag/AgCl + 1.069 pH (1) 

where ERHE represents the converted potential vs. RHE, EAg/AgCl is the experimentally measured 

potential against Ag/AgCl reference electrode and Eo
Ag/AgCl = 0.197 V at 25 °C. 

Results and discussion 

Figure 1a displays the XRD patterns of the NiCo samples, showing clear peaks at 2 = 44.4, 51.7 and 

76.2° that match the (111), (200), and (220) crystal structures of the Ni-Co alloy (ICDD No. 01-074- 

-5694) [25].  

 
Figure 1. (a) XRD patterns of NiCo thin films; (b) enlarged view around the (111) peak 

An enlarged view of the (111) peak, illustrated in Figure 1b, demonstrates that all observed peak 

positions are situated between those of pure Ni FCC (ICDD No. 00-004-0850) and Co FCC (ICDD No. 

00-015-0806), thereby affirming the predominant formation of a Ni-Co alloy or the interaction 

between Ni and Co, in accordance with previous studies [26]. The diffraction peak changed to higher 

angles as the cobalt content diminished, potentially due to the partial substitution of Co with Ni [27]. 

To evaluate the preferred orientation of the structure, the texture coefficient (TC) was derived from 

the XRD pattern using the following Equation (2) [28]: 

hkl o hkl
hkl

hkl o hkln

/
TC

1 / /

I I

N I I
=


 (2) 

where Ihkl is the relative intensity of a plane experimentally measured for the specified plane, Io hkl is 

the standard intensity of the same plane taken from the reference, N is the total number of 

reflections, and n is the number of diffraction peaks. The calculated values for the observed planes 

are shown in Table 2. 



M. Fathar Aulia  et al. J. Electrochem. Sci. Eng. 00(0) (2025) 2875 

https://doi.org/10.5599/jese.2875  5 

Table 2. Texture coefficient of NiCo thin films 

Plane 
TC 

NiCo A NiCo B NiCo C 

111 0.56 0.64 0.73 

200 0.81 0.82 0.99 

220 1.63 1.54 1.28 

In the case of NiCo A, extra diffraction peaks at 2 = 41.8 and 45.6°, which relate to the (100) and 

(101) planes, show that there is a hexagonal close-packed (HCP) cobalt phase [29]. The observed peaks 

are indicative of pure cobalt or cobalt-rich NiCo alloys with a hexagonal close-packed (HCP) structure, 

implying that NiCo A possesses a dual-phase structure comprising both HCP and face-centered cubic 

(FCC) phases. This arrangement is probably due to cobalt separating during the electrodeposition 

process, where areas rich in cobalt tend to form HCP-like NiCo alloys [30]. As the amount of Co 

decreases, the XRD patterns of NiCo B and NiCo C show no HCP-related peaks, meaning the HCP phase 

is not present. These samples exhibit solely FCC-related peaks, indicating the incorporation of Co 

atoms into the Ni lattice. The phase behaviour of the Ni-Co system is contingent upon composition, 

allowing for the existence of both FCC and HCP structures [31]. The phase structure of the bimetallic 

NiCo catalysts is significantly affected by the cobalt contents in the deposited films, as illustrated in 

Figure 3. The changes in phases match the Ni-Co phase diagram, showing that the FCC structure is 

stable when there is less cobalt and at normal temperatures [32]. The values of d-spacing and lattice 

constants were obtained using Equations (3) and (4) : 

n = 2dhkl sin (3) 

hkl
2 2 2

a
d

h k l
=

+ +
   (4) 

where a denote lattice constants, d = atomic plane spacing,  = wavelength (0.15406 nm), (h, k, l) 

are Miller indices, and  is incident angle. The d-spacing values determined in this study strongly 

align with the standard data set for NiCo, as presented in Table 3, and correspond accurately with 

the (111), (200) and (220) planes. The lattice parameter (a) of the FCC phase was derived from the 

XRD data, with the values for all samples presented in Table 3. The lattice parameters approximate 

those of the bulk material, exhibiting a little variation from 0.353452 to 0.352544 nm, attributable 

to alterations in the chemical composition of the NiCo thin films [33].  

The crystallite size (D), the density of dislocation (), and the microstrain () of all samples were 

determined from the (111) peak using Equations (5) to (7), respectively [34,35]: 
0.9

 cos
D



 
=

 (5) 

2

1

D
 =

 (6) 

4tan





=

 (7) 

where  denotes the wavelength of the X-ray employed for diffraction,  represents the FWHM of the 

(111) peak, and  signifies Bragg's angle. The calculated average particle sizes vary from 14 to 15 nm. 

Elevated dislocation density, reduced crystallite size, and variations in d spacing induce lattice 

deformation. Consequently, lattice flaws arise, resulting in significant active sites with an enhanced 

surface area [36]. The structural parameters derived from XRD patterns are summarized in Table 3. 
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Table 3. Diffraction parameters for NiCo thin films revealed from XRD analysis 

Samples 
d / nm 

a / nm D / nm  ×10-3 / nm-2 ×10-3 
111 200 220 

NiCo A 0.204066 0.176887 0.124967 0.353452 15.53 4.15 5.89 

NiCo B 0.203716 0.176385 0.124766 0.352846 14.46 4.78 6.32 

NICo C 0.203541 0.176306 0.124639 0.352544 14.03 5.08 6.50 
 

In addition, we investigated the structural properties of the electrodeposited NiCo by means of 

Raman spectroscopy. Figure 2 shows the Raman spectra of NiCo thin films. Raman peaks found at 

approximately 302 and 365 cm⁻1 are attributed to phonons attached to In₂O(bcc) structures [37]. 

The Raman signal of 465 cm⁻¹ is consistent with the Atg (T) stretching mode of the Ni-O resonance 

vibration, while the peak of 520 cm⁻¹ is consistent with the Co-O stretching mode (F2g) [38]. The peak 

at 803 cm⁻¹ corresponds to the Raman shifts of ITO [39]. Small peak around 1335 cm-1 correspond 

to D-band carbon peak from PET [40]. 

 
Raman shift, cm-1 

Figure 2. Raman spectra of NiCo thin films 

Figure 3 shows the EDX spectra of the electrodeposited NiCo thin films. All three spectra clearly 

show significant peaks associated with cobalt and nickel, which confirm the efficient reduction of 

the Co²⁺ and Ni²⁺ ions and the consequent deposition of the nickel- cobalt alloy on the ITO substrate.  

 
Figure 3. EDX spectra of (a) NiCo A, (b) NiCo B, (c) NiCo C thin films 

In addition, small peaks corresponding to indium, tin and oxygen elements are also observed in the 

ITO substrate. The elemental composition determined by EDX is consistent with the XRD findings, in 

particular with the presence of a phase of FCC. These data collectively confirm the compositional 

variance within the films, which is closely related to the observed structural transitions. 
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Figure 4 shows FESEM images which clearly show how the surface structure of NiCo electro-

deposited film is changing with different chemical compositions. At higher concentrations of Co, the 

film has a pebbly shape (Figure 4a) [41]. If there is less Co, the surface shape changes to a round 

shape, which is particularly noticeable in Ni-rich NiCo thin films (Figure 4b and 4c). This gradual 

morphological change from pebbly to round grains is attributed to changes in the crystalline 

structure of the film. The pebbly morphology indicates a composite phase of FCC and HCP, while the 

rounded structure indicates the presence of a single phase of FCC. These morphometric and 

structural links are consistent with previous research showing similar trends [29]. The change in 

surface texture indicates that cobalt is important in preventing clumping and in strengthening the 

bimetallic NiCo system. 

 

 
Figure 4. FESEM micrographs of (a) NiCo A; (b) NiCo B; (c) NiCo C thin films 

Electrochemical impedance spectroscopy (EIS) was used to assess the charge transfer resistance 

(Rct) of NiCo thin films and provide an insight into the electron transport kinetics of the NiCo thin 

films during EOR, which are presented in Nyquist plots shown in Figure 5.  

 
Figure 5. Nyquist plots of NiCo thin films in 1 M ethanol + 1.0 M NaOH at 1.67 V vs. RHE 

The RCT values for NiCo A, NiCo B and NiCo C were 15.164, 10.498 and 13.630 , respectively. 

NiCo B has the lowest value, which indicates enhanced electron transport kinetics and conductivity 

due to reduced internal electrode resistance by reduced ion diffusion pathways [42]. The perfor-
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mance is due to the single phase of the NiCo B FCC, which provides better electrical conductivity 

and less defect or grain boundary dispersion than the mixed phase NiCo A FCC and HCP [35]. 

Figure 6 shows the cyclic voltamograms for NiCo thin films in 1.0 M NaOH + 1 M ethanol solution. 

Unlike platinum-based catalysts, which typically have clear anodic peaks, all NiCo electrodes have 

broad-band currents without sharp anodic peaks. This suggests that oxidation of ethanol to NiCo 

occurs by a more continuous oxidation pathway rather than by sequential adsorption and desorption 

of intermediates. At higher potentials, especially at 1.8 V vs. RHE, where the catalyst surface is fully 

activated, NiCoB exhibits a peak current density of 14.82 mA cm⁻². This value is approximately 2.04 

times and 1.33 times higher than the respective values for NiCo A (7.25 mA cm⁻²) and NiCo C 

(11.11 mA cm⁻²). The exceptional performance of NiCo B may be related to the ideal synergy between 

Ni, which produces the active oxygen species (NiOOH) for ethanol oxidation, and Co, which improves 

electronic conductivity and structural stability, thus increasing the electron transport and the 

efficiency of the ethanol oxidation reaction [22]. The onset potential, which indicates the point at 

which the current starts to increase from the beginning [43] is observed at approximately 1.35 V for 

NiCo B. This value is lower than that of NiCo A at around 1.40 V and NiCo C at about 1.42 V, suggesting 

that NiCo B promotes ethanol oxidation with greater efficiency. The combination of the lowest initial 

potential and the highest current density observed for NiCoB confirm its extraordinary electro-

chemical activity in the oxidation of ethanol. The improved performance of NiCo B is attributed to its 

ideal atomic ratio of Ni:Co (81:19), which balances the formation of Ni(OH)₂ and NiOH active sites with 

the bifuctional effect of Co, which increases adsorption of OH⁻ and facilitates oxidation of Ni. 

Conversely, NiCo C, which has a slightly higher Ni content (85 at.%), contains a lower Co contents to 

facilitate this action, resulting in an increase in Rct and lower current density [44].  

 
Figure 6.  Cyclic voltamogram of NiCo thin films in 1 M ethanol + 1.0 M NaOH  

A Tafel analysis was performed to determine the kinetic parameters of ethanol oxidation at NiCo thin 

films. Figure 7b shows the Tafel plots resulting from the LSV analysis of 1 M ethanol + 1.0 M NaOH 

solution on NiCo A, NiCo B and NiCo C, respectively. Tafel slopes (b) are defined by the Equation (7) [45]: 
2.303RT

b
F

=   (7) 

In this equation the constants R and F are universal gas constant and the Faraday constant, 

respectively, T / K is the temperature and  is the charge transfer coefficient of the reaction.  

For NiCo A, B and C, the corresponding Tafel slopes were 188, 156 and 167 mV dec-1, respectively. 

The lowest Tafel slope obtained indicates the most optimal kinetic properties attributable to the 

accelerated kinetic energy transfer process [24]. Consequently, the data collected indicate that NiCo B 

is sufficient as an electrocatalyst to enhance the oxidation reaction of ethanol [46]. 
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 E / V vs. RHE log (j / mA cm-2) 

Figure 7. (a) LSV curves and (b) Tafel plots of NiCo thin films in 1 M ethanol + 1.0 M NaOH  

The corresponding charge transfer coefficients (α) were determined using the Tafel equation, con-

sidering a four-electron transfer process in ethanol oxidation reaction. The calculated α values were 

0.079, 0.095 and 0.088 for NiCo A, NiCo B, and NiCo C, respectively. NiCo B shows the highest α, con-

sistent with its lowest Tafel slope. This confirms that NiCo B possesses the most efficient charge trans-

fer characteristics and kinetic properties, making it the most effective catalyst among the samples. 

 
 Number of cycles t / s 

Figure 8. (a) Long-term stability over 250 cycles at 1.80 V vs. RHE and (b) chronoamperometry at 1.67 V vs. 
RHE of NiCo thin films 

The long-term durability of catalysts has been acknowledged as a significant parameter in ethanol 

oxidation reactions [47]. We also evaluated the long-term stability of as prepared catalysts through 

repeated CV scan for 250 cycles and CA for 2000 s at 1.67 V vs. RHE in 1 M ethanol in 1.0 M NaOH. Figure 

8a displays the current density for EOR as a function of the number of cycles at potential 1.8 V vs. RHE. 

As the cyclic scanning process continues, the ethanol is progressively consumed, particularly near the 

catalyst surface. This results in concentration polarization and a reduction in ethanol oxidation 

current [48]. The current density for the NiCo A catalyst decreases by 35.81 %, from 7.283 mA cm-2 at 

the first cycle to 4.675 mA cm-2 during the 250th cycle. Nonetheless, for NiCo B and C, the reduction in 

anodic current density is comparatively negligible. Specifically, for the NiCo B, there is a slightly increase 

in current density as the cycle progresses up to cycle 200. The NiCo B catalyst exhibits remarkable 

stability, with the current density declining from 15.311 mA cm-2 at the 200th cycle to 15.292 mA cm-2 at 

the 250th cycle, reflecting a negligible decrease of merely 0.12 %. The NiCo C catalyst exhibits a markedly 

lesser reduction compared to NiCo A, with a fall of only 5.30 % from 7.283 mA cm-2 at the first cycle to 


 /
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H
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4.675 mA cm-2 at the 250th cycle. The diminished currents during continuous potential cycles are linked 

to the poisoning of electrocatalysts by the generated intermediates and/or the reduction of ethanol 

concentration in the electrolyte [49]. Figure 8b presents chronoamperometric measurements 

conducted at potential of 1.67 V vs. RHE to further assess the stability of the synthesized catalysts. NiCo A 

and NiCo C exhibited a reduction in current density, although NiCo B remained relatively steady. As the 

conclusion of the experiment, the current densities remain at 7.36, 91.92 and 75.46 % for NiCo A, NiCo B, 

and NiCo C, respectively. The results demonstrate that NiCo B exhibited the greatest stability over 

extended operation, followed by NiCo C, but NiCo A experienced significant performance degradation. 

The outcome aligns with the previously referenced repeated CV scan, further supporting that the NiCo 

B catalyst exhibits superior long-term stability. 

The ethanol electrooxidation reaction on the NiCo catalysts is followed by a series of stages, 

including ethanol adsorption, intermediate formation and degradation. The same pathway also occurs 

on Co surfaces. On the surface of Ni, Ni(OH) is oxidized to NiOH, which can then be oxidized to ethanol 

and acetaldehyde, or further oxidized to acetaldehyde and to acetic acid. Dehydrogenation of ethanol 

by cleavage of the O-H bond yields the ethoxy group (CH₃CH₂O), which is then oxidized to acet-

aldehyde (CH₃CHO) and finally to acetate ions (CH₃COO⁻) [40,41]. When the water activation potential 

of cobalt is reduced, (OH)ads are made more soluble and the active layer of NiOOH is exposed, thereby 

increasing the catalytic activity. The mechanism of EOR at the surface of Ni in alkaline solutions is given 

by Equations (8) to (13), and the Co surface reaction follows the same pathway as Ni [50]: 
Ni + 2OH- → Ni(OH)2 + 2e- (8) 
Ni(OH)2 + OH- → NiOOH + H2O + e- (9) 
2NiOOH + CH3CH2OH → 2NiOOH-(CH3CH2OH)ads (10) 
2NiOOH-(CH3CH2OH)ads → CH3CHO + 2Ni(OH)2 + 2e- (11) 
2NiOOH + CH3CHO → 2NiOOH-(CH3CHO)ads (12) 
2NiOOH-(CH3CHO)ads → CH3COOH + Ni(OH)2 + 2e- (13) 

Finally, we compare the ethanol oxidation reaction activity response of the synthesized catalyst 

with previous study (Table 4). The data shows that the NiCo catalysts in this study have higher 

electrocatalytic activity.  

Table 4. Comparison of catalytic activity of the synthesized NiCo catalysts with some previous studies 

Samples Structure Ni:Co atomic ratio jp / mA cm-2 Ref. 

NiCo A HCP+FCC 65:35 7.25 

This study NiCo B FCC 82:18 14.82 

NICo C FCC 85:15 11.11 

NiCo-LDH@CNTs-2 % LDH 72:28 3.7 

[51] NiCo-LDH@CNTs-2.5 % LDH 73:27 11.5 

NiCo-LDH@CNTs-3 % LDH 68:32 3.0 

NiCo/Cu FCC 71:29 3.14 [52] 

CoNi/Cu FCC 19:81 2.31 

[53] CoNi/Cu FCC 30:70 1.05 

CoNi/Cu FCC 50:50 1.21 

Conclusions 

In summary, NiCo catalyst thin films have been successfully synthesized by electrodeposition, 

and performed studies have shown that composition of the thin films has a significant influence on 

the structure and the catalytic efficiency. When the amount of cobalt is reduced, the material 

changes from a mixture of FCC and HCP structures to only FCC structures and its shape changes from 

mailto:NiCo-LDH@CNTs-2.5
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a pebbly to a rounded form. Among all the samples, NiCo B, showed the highest oxidation efficiency 

of ethanol in the alkaline solution. This excellent performance is due to the single-phase FCC 

structure and the balanced Ni-Co ratio, which give the lowest resistance to charge transfer, the 

highest current density and the best stability. These findings highlight the importance of controlling 

the phase composition and elemental ratios to optimize the electronic structure and catalytic 

performance of NiCo thin films, and identify NiCo B as a highly efficient, stable and cost-effective 

catalyst for ethanol electrooxidation reaction.  
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