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Abstract: Ethanol electrooxidation is crucial for fuel cells. However, a significant 

challenge in ethanol electrocatalysis is the breaking of the C-C bond to form CO2 at 

lower overpotentials. Herein, nickel nanoparticles modified deposited on zeolite was 

developed for electrocatalytic oxidation of ethanol in alkaline media. The nickel 

modified zeolite (Ni/Z) was derived by electrodeposition method on glassy carbon 

(GC) at 25 ℃ under an N2 gas. The composite possesses an efficient catalytic activity 

due to Ni nanoparticles have high catalytic activity, cost-effectiveness and durability. 

Moreover, the presence of the zeolite support accelerates the ethanol oxidation reaction 

(EOR) due to its high conductivity and surface area which increases the adsorption of 

ethanol and OH
- 

species at lower potentials. Using scanning electron microscopy 

(SEM), the as-synthesized zeolite was studied to determine the morphology structure. 

Cyclic voltammetry shows that EOR onset potential and current density of 

(Ni/20%Z/GC) electrode is strongly shifted to negative potential (Eonset= 0.440 V) and 

higher current value (Ipa= 26.01 mA/cm
2
), respectively. 

keywords: Electrochemical oxidation, Fuel cell, Transition metal ion, Zeolite. 

1. Introduction

Due to the shortage of energy density of 

rechargeable commercial batteries,1 small fuel 

cell are appealing solution to the problem of 

providing portable energy sources. Fuel cells 

have been seriously considered as sources of 

new clean power.1,2,3 Among various types of 

fuel cells, direct ethanol fuel cells can compete 

with advanced batteries for powering portable 

electronic devices due to their extremely high 

specific energy.3 So research efforts have been 

devoted to finding out a cheap anode with high 

performance for fuel cell application. Fuel cells 

proved to have better conversion efficiency and 

reduced emissions compared to conventional 

alternatives. Direct alkaline alcohol fuel cells 

(DAAFCs) attracted growing attention over 

recent years. DAAFCs have favorable electro-

oxidation kinetics in alkaline media, high 

achievable power densities, and a liquid state 

that is easy to handle. 2,3 Among alcohols, 

Ethanol emerges as a favorable option due to its 

lower toxicity compared to methanol and its 

renewable nature, derived from agricultural 

products and biomass fermentation. 

Additionally, ethanol exhibits reduced fuel 

crossover through the membrane and toward 

the oxygen electrode compared to methanol. 

The complete oxidation pathway of ethanol 

involves breaking the C-C bond and multiple 

dehydrogenations, presenting a significant 

challenge in ethanol electrocatalysis, 

particularly the efficient splitting of the C-C 

bond and oxidation to CO2 at lower 

overpotentials.4,5 While noble metals like Pt or 

Pd and their alloys are efficient catalysts,6-9 

their high cost, scarcity, and susceptibility to 

CO poisoning limit their widespread use. As an 

alternative, non-precious transition metals and 

their derivatives have emerged as promising 

and cost-effective electrocatalysts for ethanol 

oxidation.10,11 Nickel-based electrocatalysts, 

in particular, have demonstrated remarkable 

activity and durability across various energy-

related applications. Nickel electrocatalysts 

enhance conductivity and electronic structure, 

leading to increased active site density and 

electron transfer efficiency, thereby reducing 

reaction overpotential and facilitating catalytic 

activity.12,13,14 To address the conductivity 

and surface area limitations of nickel-based 
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catalysts, researchers have explored strategies 

such as incorporating electron donors 

(transition metal oxides) and utilizing  

conducting substrates like graphite, glassy 

carbon, polymers, and molecular sieve zeolites. 

Zeolites, known for their microporous 

structures, offer selective ion exchange and 

molecular incorporation properties, making 

them promising candidates for electrode 

modification in electrocatalysis.
15-19

 Herein, 

Ni/Z was reported as an efficient catalyst for 

ethanol electrochemical oxidation at lower 

overpotentials. Nickel-modified zeolite was 

synthesized by electrodeposition technique. 

Subsequently, the nickel was precipitated onto 

surface of glassy carbon (GC) by deposition of 

nickel chloride-zeolite at 25 °C under nitrogen 

gas. Scanning electron microscopy (SEM) 

confirmed the successful fabrication of the 

electrocatalysts. Various electrochemical 

techniques showed that the Ni/20%Z/GC 

electrocatalyst exhibited efficient activity for 

ethanol oxidation, with an onset potential of 

0.440 V vs Ag/AgCl and a current density of 

26.01 mA/cm². The performance is attributed to 

the bifunctional mechanism, where zeolite and 

nickel nanoparticles enhance OH⁻ adsorption at 

low potentials, promoting the formation of 

active sites (NiOOH).  

2.Materials and procedures 

2.1. Materials and chemicals 

Electrolytic solutions were prepared from 

analytical grade chemicals, Sodium hydroxide 

(NaOH, Merck), absolute ethanol (C2H5OH, 

99.99%), an Nickel chloride (NiCl2.6H2O) 

using distilled water produced by a Mega pure 

system (MP-A6 corning). Zeolite suspension 

was made by dispersing a defined weight of 

clinoptiolite zeolite (0.01, 0.02, 0.05 g) through 

ultrasonic vibration for 10 minutes in 6ml 

distilled water. 

2.2. Instrumentation 

Electrochemical measurements were 

conducted using a Versastate ⅠⅠⅠ conventional 

three-electrode cell where platinum sheet as the 

counter electrode and (Ag/AgCl; KCl solution 

of 3 M) as the reference electrode. The working 

electrode is the modified GCE with the 

prepared catalysts. Before all the 

electrochemical testing, the high-purity of N2 

gas was purged for 30 min. 

The working electrode was 3mm glassy 

carbon disc (Mainland China) bound in a 

Teflon tube. 

2.3. Electrode preparation 

2.3.1. Polishing procedure 

The electrode was polished on polishing 

cloth. The steps of polishing were follows:  

a) polishing the glassy carbon electrode with 

µ- alumina until the surface is a mirror-like 

surface. 

b) sonication of electrode for 10 minutes in 

DI water followed by acetone and left to dry.  

2.3.2. Synthesis of electrocatalyts (Ni/Z) 

The electrodeposition solution consists of (x 

mMol) NiCl2.6H2O and ( y mg ) zeolite to form 

(Ni, 10%Z/Ni, 20%Z/Ni, 50%Z/Ni) electrodes. 

2.3.3. Material Characterization 

Several analysis techniques were used to 

characterize some of the as-synthesized 

samples. The morphology of nanoparticles and 

particle distribution was examined by scanning 

electron microscopy (SEM), SEM experiments 

were performed on a JSM-6460LV electron 

microscope (JEOL, Japan) operating at an 

accelerating voltage of 25 kV and the samples 

were coated with Au thin film.  

2.4. Electrochemical Performances 

Cyclic voltammetry (CV), Electrochemical 

impedance spectroscopy (EIS) and 

Chronoamperometry method (it-curve) were 

used to test the GCE modification. At a scan 

rate with a potential range of 0 to 0.7 V, CV 

tests were carried out. The first cell was 

employed to record the voltammogram of 

modified electrodes in the supporting 

electrolyte (NaOH), aimed at assessing the 

clarity of the system and characterizing these 

electrodes, including surface area 

determination. In the second cell, ethanol and 

NaOH were filled to evaluate the activity of the 

prepared electrodes towards ethanol oxidation 

using cyclic voltammetry and 

chronoamperometric techniques. Lastly, the 

third cell was designated for electrochemical 

impedance spectroscopy (EIS) measurements. 

 

(b) 
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3. Results and Discussion 

3.1. SEM analysis 

Fig.1 (a, b) displayed the SEM images of 

(Ni/20%Z) and (Ni/50%Z) .respectively, The 

images showed the successful distribution of 

the nickel nanoparticles on the six prism shape 

glomerocryst of zeolite.
7 Fig.1a showed the 

SEM image of Ni/20%Z which exhibited a 

small particle size (uniform distribution) of Ni 

NPs on the zeolite surface. While the particle 

size of Ni NPs increased in Ni/50%Z sample 

(Fig.1b) indicating the growth and 

agglomeration of the particles. 

 
 

Fig.1: SEM images of (a) Ni/20%Z, (b) 

Ni/50%Z electrodes. 

3.2. Electrochemical performance of 

electrocatalysts 

3. 2.1. Cyclic voltammetry of anode 

The electrochemical responses of Z/GC, 

Ni/GC, Ni/10%Z/GC, Ni/20%Z/GC, and 

Ni/50%Z/GC electrodes were investigated 

using cyclic voltammetry (CV) in a (1 M 

NaOH) alkaline solution within a potential 

range of 0 - 0.7 V. as illustrated in (Fig.2) The 

cyclic voltammogram indicates a lack of redox 

behavior for the Z/GC electrode. This can be 

attributed to the low conductivity and stability 

of zeolite. But in the case of Ni/GC, the CV 

displays a single pair of redox peaks (∼0.490 V 

oxidation and ∼0.40 V reduction) during both 

forward and backward scans, these peaks are 

associated with the adsorption of OH
-
 during 

oxidation and subsequent oxide removal during 

reduction. Moreover, The CV curve for 

Ni/10%Z/GC exhibits elevated current density, 

attributed to the presence of zeolite.
20,21

 The 

zeolite increases the surface area of the 

electrode and enhances the conductivity of the 

metal oxide-supported zeolite, facilitating a 

uniform distribution of Ni nanoparticles on the 

electrode surface and consequently improving 

catalytic activity. With a higher percentage of 

zeolite (Ni/20%Z/GC), a significantly higher 

current density is observed in the CV, The CV 

curve reveals distinct redox peaks at ∼0.474 V 

(oxidation) and ∼0.325 V (reduction), 

indicating a synergistic effect between Ni oxide 

and zeolite, contributing to enhanced redox 

behavior.
21,22

  The redox behavior of Ni/Z is 

ascribed to the oxidation and reduction of the 

Ni (OH)2/NiOOH redox couple. Formation of 

Ni (OH)2 Species: Ni (OH)2 species are 

generated during Ni oxidation at lower 

potentials when the potential is anodically 

scanned in the presence of NaOH as the 

following equation.
 

Ni
2+

 + 2OH
-
 ↔ Ni(OH)2              (1) 

Ni(OH)2 + OH
-
 ↔ NiOOH + H2O + ℮

-
  (2) 

As can be seen, when the percentage of 

zeolite material increased (20%Z), the 

electrochemical current of the redox activity 

increased because high dispersion of Ni 

nanoparticles can be deposited at the zeolite 

electrode. However, the further increase of the 

percentage of zeolite to 50%Z (Ni/50%Z/GC) 

exhibited a decrease in the electrochemical 

current which may be due to the agglomeration 

of of zeolite on surface of glassy carbon 

electrode; which decrease the sensitivity of the 

electrode response.  

These findings underscore the impact of 

zeolite content on electrode behavior, with 

Ni/20%Z/GC showcasing a synergistic effect 

that enhances current density and redox 

behavior. Zeolite incorporation proves 

instrumental in optimizing the performance of 

the electrodes in an alkaline solution. 

 
Fig.2: CVs of curves recorded in 1M NaOH at 

a scan rate of 50 mV s
-1

. 
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3. 2.2. Effect of scan rate  

Furthermore, cyclic voltammetry investigations 

were conducted on Ni/GC, Ni/10%Z/GC, 

Ni/20%Z/GC, and Ni/50%Z/GC electrodes at 

various scan rates ranging from 10 to 200 mV/s, 

within an operating voltage window of 0-0.7V. 

The plots depicted in Fig. 3 (a-d) illustrate that 

as the scan rate increased, the reduction and 

oxidation peaks for all electrodes shifted 

towards lower and higher potentials, 

respectively. 

Because of, the oxidation peaks in the CV shift 

towards higher potentials with increasing scan 

rate. This shift is associated with quick 

interfacial rate kinetics. As the scan rate rises, 

the oxidation reactions become faster, requiring 

higher potentials to drive the reactions. 

Conversely, the reduction peaks observed in the 

CV move towards lower potentials. This shift is 

attributed to the internal resistance of the 

electrode. Higher scan rates lead to increased 

resistance within the electrode, causing the 

reduction reactions to occur at lower potentials 

So, the overall observation of shifts in both 

reduction and oxidation peaks with increasing 

scan rate indicates that the redox processes are 

diffusion-controlled. This means that the rate of 

the redox reactions is primarily limited by the 

diffusion of reactants to and from the electrode 

surface, rather than by other factors such as 

reaction kinetics or mass transfer.
24

 

Fig.3: (a-d) effect of scan rate of prepared 

electrodes (10- 200 mV/s) 

3.2.3. Calculation of Electrochemical Surface 

Area 

Cyclic voltammetry (CV) was conducted over 

the range of 0 to 0.7 V (vs. Ag/AgCl) at a scan 

rate of 50 mV/s until reaching steady-state CV 

curves. Subsequently, CVs were executed at 

various scan rates from 10 to 200 mV/s under a 

nitrogen atmosphere, and the resultant peak 

current (Ipa) was plotted against the scan rate 

(v). The slope of this plot yields the double-

layer capacitance of each electrode in farads 

(Cs), which is utilized to evaluate the 

electroactive surface area (ECSA) using the 

following equation.
25,26 

ECSA = Cdl /Cs             (3) 

Where Cdl (mF/cm
2
) is the specific capacitance 

of the double layer corresponding to the 

material of the electrode in acidic and alkaline 

medium (0.035 mF/cm
2
). 

Through the results of the scan rate, we enable 

to plot a relation between the current and scan 

rate (Fig.4), and from the slope, we can 

determine the surface area, The slopes of 

Ni/GC, Ni/10%Z/GC, Ni/20%Z/GC and 

Ni/50%Z/GC precursors are 12.61, 13.12, 

13.43 and 6.82 µF and from equation.1, the 

ECSA is found to be 0.36, 0.38, 0.38, and 0.19 

cm
-1

, respectively. It was observed that 

Ni/20%Z/GC exhibits the largest ECSA value 

compared to the other catalysts, and thus the 

highest catalytic activity, consistent with the 

CV results. 

 

Fig.4: the corresponding linear fitting of the 

current density as a function of scan rates for 

the fabricated catalysts. 

3.1.2.4. Oxidation of Ethanol (1M) 

Subsequently, cyclic voltammetry (CV) was 

conducted at a scan rate of 50 mV s⁻¹ following 

the introduction of 1 M ethanol, as depicted in 

(Fig. 5). A comparison between (Fig. 4) and the 

cyclic voltammogram obtained in blank NaOH 

(Fig. 2) reveals a significant increase in anodic 
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current specifically for ethanol oxidation. This 

pronounced rise in anodic current upon ethanol 

introduction indicates the occurrence of ethanol 

oxidation on the electrode surface, a critical 

step in fuel cell applications. Additionally, a 

cathodic peak associated with the reduction of 

oxy-hydroxide species is present in the figure. 

However, the current value of the cathodic peak 

is notably smaller than that of the anodic one. 

The relative decrease in the intensity of the 

cathodic peak when ethanol is introduced is 

attributed to the partial consumption of NiOOH 

(nickel oxy-hydroxide) species during ethanol 

oxidation. This process involves the partial 

consumption of NiOOH species, resulting in 

the formation of nickel hydroxide. The 

chemical reaction can be expressed as 

follows:
23 

𝐍𝐢𝐎𝐎𝐇 + 𝐄𝐭𝐎𝐇 ↔ 𝐍i(𝐎𝐇)𝟐 + 𝐩𝐫𝐨𝐝𝐮𝐜𝐭𝐬 (4) 

This reaction represents the oxidation of 

ethanol where nickel oxy-hydroxide (NiOOH) 

is partially consumed, leading to the formation 

of nickel hydroxide (Ni (OH)₂) and other 

products. The voltammetric analysis reveals 

that the zeolite ratio of 20% exhibits the most 

favorable electrochemical behavior. The peak 

height is approximately ∼26.01 mA/cm². The 

peak potential is approximately ∼0.440 V. For 

10% zeolite, anodic current and onset potential 

are observed (∼24.7 mA/cm² and ∼0.450 V), 

respectively Due to lower amounts of the 

modifier reduce the extent of ion exchange. In 

the case of 50% of zeolite, anodic current and 

onset potential are observed (∼18.3 mA/cm² 

and ∼0.501 V), respectively. Due to higher 

amounts increase the resistance of the 

electrode, the sensitivity of the electrode  

response decreased.  

 
Fig.5: The effect of the zeolite ratio (a) 0 %, (b) 

10%, (c) 20% and (d) 50% on the oxidation of 

1 M ETOH  at ZGC doped with Nickel(II) in 1 

M NaOH solution at a scan rate of 50 mV s
-1

. 

3.2.5. Effect of Concentration of Ethanol 

The catalytic oxidation of ethanol is influenced 

by its concentration, as demonstrated through 

the EOR tests conducted with varying ethanol 

concentrations. Figures 6(a-d) depict the typical 

CVs of Z/GC, Ni/GC, Ni/10%Z/GC, 

Ni/20%Z/GC, and Ni/50%Z/GC electrodes at a 

scan rate of 50 mVs
-1

 across different 

concentrations of ethanol (0.1-1M). The figures 

illustrate an increase in the anodic current 

density at higher ethanol concentrations, 

attributed to the adsorption of ethoxy on the 

catalyst surface. Additionally, the first peak 

corresponding to α-Ni(OH)2 diminishes or 

disappears. This rise in oxidation current 

density is linked to the utilization of NiOOH 

during the ethanol oxidation reaction, leading to 

increased oxidation of β-Ni(OH)2 and 

consequently higher current production. 

Moreover, the plot of ln current versus ln 

ethanol concentration at a specific potential 

(Figure 7) is utilized to estimate the reaction 

orders.
27 

 

Fig.6: CV of as-prepared electrodes at (a-d) 

different concentrations of ethanol at 50 mV s
-1

. 
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Fig.7: Plots of lnJp vs. ln Cethanol at constant 

potential obtained from 6(a-d). 

3.1.2.6. Electrocatalytic oxidation of ethanol 

at the surface of the electrode 

To delve deeper into the electrochemical 

oxidation mechanism of ethanol on the 

electrode, we examined the influence of 

different ethanol concentrations on cyclic 

voltammetric responses (Fig. 8a, 8b). In Fig. 8a, 

observed at low ethanol concentrations, two 

distinct anodic peaks, labeled as a1 (associated 

with the α-Ni(OH)2/NiOOH couple) and a2 

(related to the β-Ni(OH)2/NiOOH couple), were 

evident. The α-Ni (OH)2 form is acknowledged 

as unstable, initially forming during electro-

oxidation and gradually converting to the more 

stable β-Ni(OH)2.The electrode reaction 

corresponding to the anodic peak a2 can be 

expressed as follows:
28 

αNi (OH)2 
         
→        βNi (OH)2         (5) 

βNi (OH)2 + OH
- 
↔ NiOOH +H2O + ℮

-
     (6) 

Therefore, the Ni (OH)2 produced in reaction 3 

might be β-Ni(OH)2. 

 

Fig.8: (a) CVs of these electrodes at low 

concentrations of ETOH (a) 0.01, (b) 0.03, (c) 

0.05, (d) 0.08 and (f) 1M at a scan rate of 50 

mVs
-1

. (b) Cyclic voltammograms of these 

electrodes at high concentrations of EtOH (a) 

0.3, (b) 0.5, (c) 0.8 and (d) 1M at a scan rate of 

50 mV s
-1

. 

Table.1: Electrochemical analysis evaluation 

by cyclic voltammetry study. 

 

Electrochemic

al Surface 

Area 

(ECSA)(cm
2
) 

Cdl (µF) 

Eon 

 (V vs 

Ag/Ag

Cl) 

Current 

density 

(mA/cm
2
) 

Ni/GC 0.360 12.608 0.467 22.96 

Ni/10%

Z/GC 
0.375 13.129 0.450 24.70 

Ni/20%

Z/GC 
0.383 13.425 0.440 26.01 

Ni/50%

Z/GC 
0.194 6.821 0.501 18.30 

 

3.2.7. Electrochemical impedance 

spectroscopy (EIS) 

Electrochemical impedance spectroscopy 

(EIS) was utilized to understand the 

electrochemical properties at the electrolyte-

electrode interfaces.
29

 The Nyquist plot, 

covering frequencies from 0.1 Hz to 105 Hz, 

was generated using the Randles circuit model 

(Fig. 9a). Each plot exhibited a semicircle in 

the high-frequency region and a straight line in 

the low-frequency region. The equivalent series 

resistance (Rs), representing the electrode-

electrolyte interface, was determined from the 

left intercept of the semicircle. The charge 

transfer resistance (Rct) was obtained from the 

semicircle diameters, enabling analysis of 

faradic kinetics. In Fig.8a, the Ni/50%Z/GC 

electrode showed an Rs value of 76.4 Ω and an 

Rct value of 933 Ω. Comparatively, the 

Ni/20%Z/GC electrode had values of 100 Ω 

and 528 Ω, respectively. This indicates that the 

uniform distribution of Ni into Z/GC electrodes 

enhances their electrical conductivity and 

facilitates rapid charge transfer, promoting 

efficient utilization of active compounds and 

expedited electrochemical kinetics. 

Additionally, (fig.9b) illustrates the correlation 

between the real part of impedance (Z′) and 

frequency for the fabricated electrodes. It is 

evident from the figure that Z′ diminishes as the 

frequency increases across all samples. 

Notably, Ni/20%Z/GC exhibits the smallest 

magnitude value of Z′ compared to other 

catalysts, underscoring lower electrode 

interface resistances. Moreover, the diffusion 

kinetics were investigated through bode graphs 

(Fig.8c), depicting phase angle values for 
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Ni/GC (15°), Ni/10%Z/GC (62°), Ni/20%Z/GC 

(71°), and Ni/50%Z/GC (48°) electrodes at a 

low frequency of 10
5
 Hz. Variations in the 

phase angle provide insights into the rate-

limiting behavior, with 45° indicating a 

diffusion-limited response and 90° reflecting a 

completely capacitive response. The angles for 

Ni/GC, Ni/50%Z/GC and Ni/10%Z/GC are 

closer to 45°, signifying a dominant diffusion-

controlled mechanism. Conversely, with the 

best percent of zeolite, the angle for 

Ni/20%Z/GC increased to 71°, approaching the  

ideal capacitor value of 90°. This reaffirms 

the surface capacitive properties of 

Ni/20%Z/GC nanocomposites. 

Finally, in Fig. 9d, a linear relationship is 

depicted between the real part of the impedance 

(Zre) and the reciprocal of the square root of 

the angular frequency (ω-1/2) in the low-

frequency region. This relationship is useful for 

investigating the conductivity of electrodes and 

calculating the diffusion coefficient (D) of the 

OH- species using the following equations:
30 

Zre = Rct + Rs + σω
-1/2

                     (7) 

D= R2T2/ (2 A2F4C2n4σ2)              (8)            

Where Rct, Rs, and σ represent the charge 

transfer resistance, inner resistance, and 

Warburg factor (the slope of the linear 

relationship in Fig. 8d), respectively. 

Additionally, R, T, F, n, A and C denote the 

ideal gas constant (8.314 J/mol/K), the absolute 

temperature (K), the Faraday constant (96,486 

C/mol), the number of electrons per molecule, 

the surface area of the GC electrode (0.0706 

cm²), and the concentration of the ions (1 x 10
-3

 

mol cm
-3

), respectively.
31

 Consequently, the 

diffusion coefficient (D) value of the 

Ni/20%Z/GC electrode is approximately 6.60 x 

10
-10

 cm²/s, which surpasses that of Ni/GC 

(1.43 x 10
-11

 cm²/s), Ni/10%Z/GC (1.39 x 10
-12

 

cm²/s), and Ni/50%Z/GC (4.46 x 10
-12

 cm²/s).  

 

Table. 2: Comparison list of EIS parameters 

of the fabricated catalysts for the EOR. 

Sample 
Rs 

(Ω) 

Rct 

(Ω) 

θ 

(deg) 

Ni/GC 88.9 809.9 15 

Ni/10%Z/GC 84.3 605 62 

Ni/20%Z/GC 100 528 71 

Ni/50%Z/GC 76.4 933 48 

 
Fig.9: (a) The EIS plots of the as-prepared 

catalysts at E= 0.4 V vs Ag/AgCl and an 

amplitude of 5 mV in 1M NaOH+ 1M ETOH 

solution, (b) Bode plots for all catalysts, (c) The 

frequency-dependent real part of the 

impedance, and (d) the linear relationship of 

Zre vs. ω
-1/2

. 

 

3. 2.8. Stability of electrocatalysts 

Finally, stability and durability (Fig.10) 

were other targets for fabricating 

electrocatalysts to achieve high and long-time 

electrocatalytic performance. The stability of 

prepared catalysts was investigated by 

chronoamperometric analysis (I-t curve) which 

was measured in NaOH (1 M) in presence of 

ethanol (1 M) at fixed potential 0.6 V (vs 

Ag/AgCl) at room temperature. According to 

the chronoamperogram (I-t curve), the initial 

drop in current densities of prepared catalysts is 

followed by stability decay.
32

 As observed in 

Fig.9, the Ni/20%Z/GC catalyst was more 

stable and gives higher current density than 

those of other electrodes. 
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Fig.10: I-t curve measurements in NaOH (1 M) 

in presence of ethanol (1 M) at fixed potential 

0.6 V (vs Ag/AgCl) at room temperature. 

5. Conclusion 

In summary, Modifying zeolite to Ni 

deposited zeolite (Ni/Z) proves to be a 

promising strategy for creating highly efficient 

electrocatalysts for ethanol oxidation reaction 

(EOR).The nickel modified zeolite 

(Ni/20%Z/GC) was derived by 

electrodeposition method on glassy carbon 

(GC) at 25 ℃ under an N2 gas.                          

Electrochemical kinetics were evaluated using 

cyclic voltammetry (CV) in 1 M NaOH at a 

scan rate of 50 mV/s within the potential range 

of 0 to 0.7 V (vs. Ag/AgCl). The CV curves 

illustrate a notable shift in the EOR onset 

potential and current density towards negative 

potential and higher current values, 

respectively, compared to other electrodes. This 

shift is attributed to the formation of functional 

materials, which provide a higher number of 

active sites for the reaction. Additionally, the 

current density increased proportionally with 

scan rate, indicating good electrochemical 

stability of the fabricated materials. 

Furthermore, the electrocatalytic activity of the 

nanocomposites for EOR was assessed across 

various ethanol concentrations (0.01-1M), 

revealing an increase in current density with 

higher ethanol concentrations, signifying 

enhanced ethanol electrooxidation. Moreover, 

the catalyst demonstrated superior stability 

compared to other electrodes. Overall, this 

study underscores the potential of fabricating 

highly efficient and stable zeolite-derived 

catalysts for EOR applications utilizing non-

precious-based materials. 
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