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This research examines the influence of anode surface area on the efficacy of aluminium-

air batteries. Three varieties of aluminium anodes were produced: non-mesh, one-step 

nanomesh, and two-step nanomesh. The nanomesh structures were fabricated via a multi-

step anodization procedure employing phosphoric acid, leading to enhanced surface area 

and pore density. Scanning electron microscopy demonstrated that the 2-step nanomesh 

anode possessed the highest average pore diameter of 180 nm, resulting in a substantial 

enhancement of active surface area. Electrochemical characterization methods, such as 

galvanostatic discharge testing, electrochemical impedance spectroscopy, and cyclic 

voltammetry, were utilized to assess battery performance. The findings indicated that the 

2-step nanomesh anode had superior electron discharge rate, ionic conductivity, and

oxidation stability relative to the 1-step nanomesh and non-mesh anodes. The 2-step

nanomesh anode attained a specific capacity of 1.92 mAh and a power output of 59.71

mW, exceeding the performance of alternative anode topologies. The improved battery

performance is due to the enlarged active surface area of the anode, which promotes more

efficient ion transport and electrochemical processes. The findings underscore the

importance of anode surface modification in enhancing the performance of aluminium-air

batteries and offer insights for the design of high-capacity, high-power energy storage

systems for diverse applications.
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1. INTRODUCTION

The continuous transition from a fossil fuel-dependent 

economy to cleaner energy alternatives is a critical component 

of contemporary society's endeavors to mitigate 

environmental contamination. Batteries are an option of 

alternative energy source that does not generate environmental 

contamination as a result of combustion. This transition has 

led to extensive exploration of renewable energy sources, 

including solar, wind, and hydropower. Moreover, in this 

evolving energy landscape, the development of safe, reliable, 

and efficient energy storage technologies is of paramount 

importance, especially for large-scale applications. Batteries, 

known for their relatively high energy density and electronic 

efficiency, are extensively used in portable electronic devices 

and electric vehicles (EVs) [1-4]. 

Within the realm of electrochemistry, the intricate interplay 

of ions in the electrolyte with the surfaces of the anode and 

cathode is profoundly influenced by several factors, including 

solution concentration, electrode surface area, current strength, 

stirring, and heating [5]. Notably, a larger active surface area 

holds a key role in enhancing reactivity, as it allows more 

surface atoms to interact with other substances [6]. To address 

this, the utilization of nanostructures, such as nanoporous 

materials, nanofibers, nanowhiskers, nano textures, 

nanomeshes, nanorods, nanosheets, nanoshells, and nanowires, 

has become a pivotal strategy in mitigating the challenges 

faced by all- solid-state batteries, particularly in improving the 

contact between electrodes and electrolytes [7-9]. This 

approach significantly amplifies the surface’s active area, 

thereby promoting efficient electrochemical processes [10]. 

Furthermore, the concept of tortuosity has emerged as a crucial 

parameter in the study of porous media. Researchers have 

diligently strived to characterize the microstructure and ion 

transport properties of composite electrodes in batteries, as 

tortuosity provides insights into the intricacies of ion transport 

pathways within electrodes [11-14]. Higher tortuosity values 

indicate more complex transport routes for ions within 

electrodes, and this parameter is intricately linked to the high-

rate charging and discharging characteristics of batteries. Past 

research endeavours have harnessed tortuosity as a predictive 

tool to gauge ion transport ease within electrodes and to 

understand how it influences battery output characteristics. 

For instance, Ebner et al. [15] harnessed the Bruggeman 

relationship to calculate the tortuosity of ion transport 

pathways within the electrode, taking into account the shape 

of the active material used in the battery. 

Research into aluminium-air batteries has explored a wide 

spectrum of variables, encompassing aluminium anode 

concentrations, electrolyte membranes, and cathodes [16]. 
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This research can be broadly categorized into two groups: 

those employing pure aluminium anodes and those utilizing 

alloy aluminium anodes. 

In the pursuit of battery advancements, a notable study was 

conducted using high-purity 99.999% aluminium. Fan et al. 

[17] employed a 4 M NaOH electrolyte with air as the cathode. 

The results were promising, with a current density of 50 mA 

cm2, a specific capacity of 2885 mAh/g, a voltage of 0.85 V, 

and an energy density of 2473 wH/kg. Additionally, Gelman 

et al. [18] explored the use of 99.997% aluminium with an air 

cathode, MnO2/C, and EMIm (HF) 2.3F ionic liquid 

electrolyte, yielding a current density of 1.5 mA/cm2, a 

specific capacity of 2100 mAh/g1, a voltage of 1.1 V, and an 

energy density of 2300 wH/kg [19]. 

Recognizing the importance of aluminium alloy in 

mitigating corrosion, Levy et al. [20] employed a similar 

aluminium anode but with a TBAH2F3 ionic liquid/propylene 

carbonate electrolyte and air, along with MnO2/C as the 

cathode. The results showed a current density of 0.5 mA cm-2, 

a specific capacity of 1083 mAh/g, a voltage of 1.4 V, and an 

energy density of 1516 wH/kg. 

Researchers discovered that the presence of aluminium 

impurities decreases the rate at which corrosion occurs by 

stimulating the surface of the anode. This finding has led 

researchers to explore the use of alloy anodes as a means to 

improve battery performance. 

Indeed, research conducted by Ryu et al. [21] using 

aluminium alloy 6061 with an air/Ag2MnO4/C cathode and a 

6 M KOH electrolyte achieved notable results, with a current 

density of 100 mA/cm2, a specific capacity of 2834 mAh/g, a 

voltage of 0.9 V, and an energy density of 2552 wH/kg. 

Moreover, significant improvements in current density, 

voltage, and energy density were observed in the combination 

of an aluminium alloy anode (Mg–Sn-Ga-Si-Fe), O2 cathode, 

MnO2/C, and a 7 M KOH + 0.05 M Na2SnO3 electrolyte, as 

demonstrated by Wen et al. [22], yielding a current density of 

140.9 mA/cm2, a peak power density of 114.6 mW/cm2, and 

an energy density of 4591 wH/kg. 

In the end, the selection of aluminium alloy over pure 

aluminium is critical, as it has a direct impact on critical 

performance characteristics. While aluminium alloys exhibit 

greater current and energy density, unadulterated aluminium 

maintains the upper hand in terms of specific capacity and 

voltage. Nevertheless, the elevated corrosion rate of pure 

aluminium presents obstacles to its utilization as an anode with 

regards to electrochemical behavior and corrosion [23]. The 

results of this study underscore the significance of material 

choice in optimizing the performance of aluminium-air 

batteries.  

From the previous research mentioned above, research on 

the influence of nanostructure on aluminium batteries, how the 

membrane fits the aluminium anode, capacity, and 

conductivity are questions that need to be solved. The 

objective of this study is to investigate the impact of anode 

surface area on the performance of porous anodes 

manufactured in three steps: non-nanomesh, 1-step nanomesh, 

and 2-step nanomesh. The study showed that the electron flow 

rate in the 2-step mesh was significantly higher compared to 

the 1-step mesh and non-mesh anodes. The 2-step Al-mesh 

anode showed excellent battery performance, achieving a 

capacity of 1.92 mAh and a power production capability of 

59.71 mW. Aluminium alloy is utilized as the anode to prevent 

corrosion. The objective is to identify stable and efficient 

battery systems and to comprehend how relative differences in 

anode surface area affect ion transfer. The investigation 

encompassed a thorough electrochemical examination, which 

comprised cycle voltammetry, ionic conductivity, specific 

capacity, and the relationship between voltage and capacity, 

among other parameters. 

Affordable aluminium batteries can be a potential 

alternative energy source for vehicles, including cars. This 

aluminium battery technology has the potential to support 

government policies in producing electric cars at more 

affordable prices. With lower production costs, electric 

vehicles can be accessed by more consumers, which in turn 

can accelerate the transition from fossil fuel vehicles. This will 

help reduce air pollution and greenhouse gas emissions caused 

by the combustion of fossil fuels, as well as contribute to 

global efforts to create a cleaner and more sustainable 

environment. 

The structure of this paper is organized as follows: the 

Introduction provides the background, objectives, and 

significance of anode active surface area on the performance 

of aluminium-air batteries. The Experimental outlines the 

experimental approach and procedures used to examine the 

effects of anode surface area. The Results and Discussion 

section presents key findings and provides an in-depth analysis 

of these results. Finally, the Conclusion summarizes the main 

contributions of this study and its implications for advancing 

the design of more efficient aluminium-air batteries. 

 

 

2. EXPERIMENT DESIGN 
 

2.1 Materials 

 

The investigation utilized PVA and TEOS acquired from 

Sigma-Aldrich, HCl and H3PO4 (85%) from Merck as the main 

constituents. The following chemicals were obtained from 

local suppliers: ethanol (96%), alcohol (96%), acetone (99%), 

NaOH (55%), and deionized water. Before utilization, every 

aluminium component underwent a degreasing process 

involving the application of NaOH, followed by submersion 

in acetone and ethanol for a duration of 15 minutes, and 

subsequently rinsed with distilled water. 

 

2.2 Characterization measurement 

 

The chemical composition and type of cement ash powder 

were evaluated using an XRF PANalytical Epsilon 3. The 

measurement of membrane impedance levels is conducted 

using Electrochemical Impedance Spectroscopy, specifically 

Electrochemical Impedance Spectroscopy (EIS), employs a 

Corrtest 100E Potentiostat that operates within a frequency 

range of 10 μHz to 1 MHz. The Potentiostat offers a high level 

of accuracy for both potential and current measurements, with 

an accuracy of 0.1% of the complete range. The minimum 

potential resolution is 10 mV, while the minimum current 

resolution is 100 fA. The Electrochemical Impedance 

Spectroscopy (EIS) was conducted under Potentiostatic 

conditions, with a frequency range of 10 mHz to 100 kHz. The 

applied voltage consisted of a direct current (DC) of 1 mV and 

an alternating current (AC) of 10 mVrms. The measurements 

were performed at room temperature, and a stabilization 

period of approximately 10 minutes was allowed. The 

electrolyte impedance (Z) was determined from the Nyquist 

plot, and this value was utilized to compute the ionic 

conductivity (σ) using the equation:  
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σ = (
1

√𝑍𝑟𝑒
2 +𝑍𝑖𝑚

2
) 1000  (1) 

 

Zre represents the resistance of the membrane and Zim 

represents the reactance of the membrane.  

In order to evaluate the effectiveness of different gels as 

electrolytes in primary batteries, Al/air cells were tested under 

discharge conditions. The studies were conducted utilizing a 

Corrtest 100E Potentiostat, which consistently maintained a 

current density of 1, 2, 5, and 10 mA/cm² across a surface area 

of 4cm². After conducting the discharge test, the discharging 

time can be used to calculate the capacity (C) and capacity 

density (CD) of the battery using the equation: 

 

𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = (𝐼. 𝑡)𝐴 (2) 

 

𝐶𝐷 =
(𝐼.𝑡)𝐴 

𝑚
  (3) 

 

I represent current, t is the discharging time, A is the anode 

surface area, and m is the anode mass 

In addition, the materials were analyzed using Scanning 

Electron Microscopy (SEM) with a Hitachi S-3400N 

apparatus. This analysis aimed to provide information about 

the materials' microstructural and elemental properties. 

 

2.3 Anode surface area simulation 

 

The total surface area of the anode is calculated based on 

the following formula: 

 
𝐶𝑃𝑜𝑟𝑒 = 2𝜋𝑟𝑡 (4) 

 

𝑁𝑝𝑜𝑟𝑒 = (
𝑛

1000000
) 𝐴  (5) 

 

𝐴𝑡𝑜𝑡𝑎𝑙 = (𝐶𝑃𝑜𝑟𝑒 . 𝑁𝑝𝑜𝑟𝑒) + 𝐴  (6) 

 

CPore represents the circumference of the pore, NPore 

represents the total number of pores on the anode, r represents 

the radius of the pore, t represents the height of the pore, n 

represents the number of pores per 1 µm2, and A represents the 

surface area of the anode without any pores. The surface area 

of the porous anode is determined by factors such as the size, 

depth, quantity, and spacing of its pores. The simulation 

assumes that the depth of the pore is twice the diameter of the 

pore. Typically, researchers restrict the anodizing operation to 

a maximum of 2 steps. Performing more than 2 steps of 

anodizing can harm the pore structure, hence hindering the 

attainment of larger pore diameters in the several stages. 

Indeed, it is important to enlarge the pore diameters by several 

stages in order to get the optimal surface area. Once the 

optimum point is reached, further increasing the pore diameter 

will result in a decrease in the electrode surface area. Hence, it 

is necessary to simulate the optimal surface area in order to 

calculate the electron transfer rate resulting from the anode's 

surface area. 

 

2.4 Preparation of nanomesh 

 

Low-purity 0.5 mm aluminium pieces were segmented into 

coupons measuring 30×20 mm². The aluminium pieces were 

first degreased using NaOH, followed by soaking in acetone 

and ethanol for 15 minutes, and finally cleaned with distilled 

water. The aluminium underwent anodization for a duration of 

3 hours at a consistent temperature of 7℃, utilizing a solution 

containing 1 wt% of H3PO4. During the anodization process, 

there was a 19 mm gap between the anode and cathode. 

Following the 1-step anodization procedure, the aluminium 

surface was subsequently dried and cleansed with distilled 

water. Subsequently, a solution comprising 5 wt% H3PO4 was 

employed to corrode the aluminium surface for a duration of 

60 minutes at ambient temperature. The anodization process 

was carried out in two stages, replicating the initial phase. An 

analysis was conducted on the shape and pore properties of the 

nano structures’ membrane. 

 

2.5 Preparation of gel electrolyte membrane  

 

8 g of PVA was dissolved in 100 ml of distilled water at 

80℃ for 30 minutes while being agitated at 600 revolutions 

per minute to produce a solution. 36 g of HCl were added to 

the solution subsequent to the homogenization of the PVA. 

The mixture was stirred for an additional 30 minutes after 

TEOS was added, following 30 minutes of agitation to attain 

homogeneity. During the process of complete mixing, 1.6 g of 

cement particles are incorporated. The volume of the solution 

was brought to 75 ml during a 1-hour period of agitation while 

constant heat was applied. A battery case mold was utilized to 

construct an electrolyte membrane, which was achieved after 

7 days of permitting the solution to rest at room temperature. 

The aluminium battery production method comprises 3 

types of aluminium anode (Al-non mesh, Al-1step nanomesh, 

and Al-2 step nanomesh), electrolyte, and carbon plate 

cathode. In order to assess the effectiveness of aluminium 

nanomesh anodes, Al-air batteries with a sandwich-like 

structure were produced. Figure 1 depicts the configuration of 

the assembled Al-air battery. The electrolyte membrane is 

situated between the Al-nanomesh and activated carbon. The 

overall flexibility of the battery is ensured by the flexibility of 

each individual component. Each of the three types of anodes 

were combined into 3 batteries and subjected to testing using 

a potentiostat. 

 

 
 

Figure 1. Step-by-step fabricating an aluminium air battery 

consists of a three-type aluminium anode and a gel 

electrolyte membrane 

 

 

3. RESULT AND DISCUSSION 

 

3.1 X-ray Fluorescence (XRF) test 

 

X-ray Fluorescence (XRF) testing was used to assess the 
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chemical composition of aluminium alloys as shown in Figure 

2. Figure 2 shows aluminium detected at approximately 1.5 

keV, consistent with findings by Pinto et al. [24]. Table 1 

presents the percentage composition of elements found in 

aluminium alloys. The major constituent of aluminium content 

is aluminium, along with important impurities including 

Copper (Cu), Iron (Fe), Silicon (Si), and other minor 

impurities. In addition, there are other minerals, such as 

manganese (Mn) and titanium (Ti). 

 

Table 1. Chemical composition on aluminium alloy 

 

Anode 
Elements 

Al (%) Mn(%) Si(%) Ti(%) V(%) Cr(%) Fe(%) Ni(%) Cu(%) 

Aluminium Alloy 97.58 0.0051 0.63 0.047 0.024 0.007 0.726 0.017 0.224 

3.2 Scanning electron microscope analysis 

 

The process of anodizing aluminium using high 

concentrations of phosphoric acid is a widely employed 

method for creating nanomesh membrane [25]. Nevertheless, 

the investigation involved anodizing aluminium samples in a 

1 wt% H3PO4 solution. The anodization process was carried 

out at a voltage of 100 V and a temperature of 10℃, using an 

ice bath for temperature control. Figure 3 displays scanning 

electron microscope (SEM) images of nonmesh and nanomesh 

membranes following both 1-step and 2-step anodization 

processes. The nanomesh is observed from a top-down 

perspective. The electric field is augmented by a voltage of 

100 V in 1-step anodization, which in turn accelerates the 

corrosion process on aluminium. Consequently, the partition 

barriers between the pores become thinner. Etching is a 

controlled corrosion process using H3PO4. The chemical 

etching procedure is conducted for one hour to smooth the 

surface of the pores. By increasing the surface area of the pores, 

etching can more clearly display the geometry of the 

nanomesh and the number of pores. The pores become larger 

as the etching time increases [26, 27]. Nevertheless, the 

corrosion rate is increased in the nanomesh produced through 

the 2-step anodization process, resulting in larger apertures 

than those of the 1-step process. 

 

 
 

Figure 2. Aluminium test results with XRF 

 

These results indicate that the surface area of the 2-step 

nanomesh is more extensive than the 1-step nanomesh and the 

non-mesh. As previously mentioned, surface area significantly 

influences electron transfer [28]. Furthermore, the aluminium 

anode is referred to as the non-mesh, 1-step-mesh, and 2-step-

mesh for the non-mesh, 1-step anodizing and 2-steps 

anodizing aluminium anode, respectively. 

Figure 3 (a) shows an aluminium anode before undergoing 

anodization treatment. Figure 3 (c) and (d) depict aluminium 

anodes that have undergone 1 and 2-step-mesh procedures, 

resulting in varying pore sizes. The subsequent anodization 

process leads to an increase in the diameter of the pores. The 

electron transport is strongly affected by the pore size of the 

aluminium anode. Increased pore size enhances electron 

mobility, as demonstrated by a decrease in resistivity [29]. 

Figure 3 (e) and (f) show the average pore diameter 

distribution for 1 and 2 step-mesh respectively. 

Figure 3 (b) shows the SEM image of the gel electrolyte 

membrane sample formed by stirring-heating and evaporation 

process. It can be seen that membrane has some spots that 

made on it. It was a charred solution that mixed in the solution. 

Charring occurs because the heating process to remove the 

moisture content is done long enough and the bottom part runs 

out of water. Although the water has thinned, the solution can 

still be agitated. The solution that has been charred and 

hardened is also agitated and becomes an impurity. 
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Figure 3. SEM images of (a) non-mesh, (b) membrane electrolyte, (c) 1-step-mesh, (d) 2-step-mesh, (e) pore distribution of 1-

step-mesh, and (f) pore distribution of 2-step-mesh 

 

 
 

Figure 4. Surface area anode 

 

Researchers in the subject of anodizing commonly employ 

either a 1-step or 2-step technique, with no cases of anodizing 

beyond two steps. It is not feasible to ascertain the optimal 

surface area of the anode by more than two steps of anodizing. 

Hence, the calculation of the optimal surface area simulation 

is derived from the Eqs. (4)-(6). Figure 4 illustrates the optimal 

surface area as a function of the increase in diameter, depth, 

and number of pores for both 1 and 2 step mesh processes.  

 

3.3 Discharging 

 

The impact of aluminium surface area on the discharge 

performance of a battery consisting of a carbon plate as the 

cathode and aluminium as the anode is illustrated in Figure 5. 

The discharge performance of a battery equipped with a non-

mesh aluminium anode is shown in Figure 5(a). The 

galvanostatic test graph shows that discharge at 1 mA begins 

at 1.33 V and continues for 274.13 seconds. Charging at 2 mA 

starts at 1.32 V and lasts 173.5 seconds. The voltage and 

duration of battery operation decreases as the discharge 

amperes increase. The discharge performance of a battery 

equipped with an aluminium anode subjected to a 1-step mesh 

is illustrated in Figure 5(b). The galvanostatic test graph shows 

that a battery with an initial voltage of 1.37 V lasts for 422.46 

seconds when discharged by 1 mA. In contrast to non-porous 

anodes, 1-step-mesh aluminium exhibits increased operating 

time and battery voltage. One of the anodization phases forms 

pores on the surface of the aluminium plate, thereby increasing 

the surface area of the plate. This phenomenon indicates that 

the electron flow rate depends on the surface area of the 

electrode, as evidenced by the increase in conductivity and 

battery capacity [30]. The performance of a battery equipped 

with a 2-step-mesh anode is depicted in Figure 5 (c). These 

findings demonstrate substantial improvements in battery 

operational capabilities. In a 1 mA galvanostatic discharge test, 

the battery shows a discharge time of 1735.16 seconds from 

an initial voltage of 1.31 V. At 2 mA, the battery shows a 

discharge time of 907.16 seconds from a voltage of 1.34 V. At 

5 mA, the battery shows a discharge time 907.16 seconds from 

an initial voltage of 1.34 V. The discharge time is reduced to 

387.13 seconds from a voltage of 1.37 V. Finally, at 10 mA, 

the discharge time is 157.06 seconds from a voltage of 1.34 V. 

Using Eq. (2) and Eq. (3), the battery's electrical capacity was 

calculated, with the highest capacity of 1.92 mAh achieved by 

the battery with a 2-step mesh anode. During the discharge test 

with a 2-step-mesh anode, there is a significant increase in 

power supply. Nevertheless, this research shows that 

increasing the surface area of the anode (especially aluminium) 

can result in more efficient ion transfer, as evidenced by an 

increase in the electrical capacity of the battery [31]. 
 

3.4 Electrochemical impedance spectroscopy 
 

Figure 6 (a) illustrates that the impedance graph appears as 

a linear line at low frequencies and as a semicircle at high 

frequencies. The Nyquist plot depicts the impedance of the 

battery with an aluminium non-mesh, as well as aluminium 1 

and 2-step-mesh. The plot covers a frequency range from 10 

mHz to 10 kHz. At lower frequencies, the rate of ion transfer 

from the battery reduces, resulting in an increase in the 

Nyquist curve. Enhancing the surface area of the aluminium 

(anode) will enhance the curve, particularly at lower 

frequencies. The resistance fluctuation curves, both real and 

imaginary, exhibit a reduction with an increase in the surface 

55



 

area of the anode. The outcome is that the semicircular curve 

enhances. The rationale for this is that a larger surface area of 

the anode in contact with the gel electrolyte facilitates more 

frequent and efficient collisions, thereby enhancing the 

reaction rate [32]. If the reaction rate increases, a greater 

quantity of ions will be generated from the battery. The ionic 

conductivity of each membrane can be calculated by utilising 

the impedance value and cross-sectional area of the electrode. 

The battery with the largest-pore anode has the lowest 

impedance at 171.65 Ω, as shown in Figure 6(a). Based on 

Nyquist data, the ionic conductivity is calculated using Eq. (1), 

resulting in a value of 0.00147 S/cm for the anode with the 

largest pores, as shown in Figure 6(b). In contrast, the non-

porous anode shows a significant decrease in conductivity 

around 0.00058 S/cm. Since the number of pores is 

proportional to the anode's surface area, it can be concluded 

that increasing the anode's surface area enhances its ionic 

conductivity. 

 

 
 

Figure 5. Effect of anode (a) non-mesh (b) 1-step-mesh, (c) 2-step-mesh on battery performance during galvanostatic discharge 

testing with constant amperes varying 1 mA, 2 mA, 5 mA and 10 mA. 

 

 
 

Figure 6. Three types aluminium anode (a) Nyquist plot of a battery with non-mesh anode, 1-step-mesh anode and 2-step-mesh 

(b) Ionic conductivity 
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3.5 Cyclic voltammetry 

 

By performing cyclic voltammetry studies, the chemical 

and electrochemical stability of polymer electrolyte 

membranes can be determined through the measurement of 

ionic conductivity. The voltammetry cycle of an aluminium air 

battery is illustrated in Figure 7. 2-step-mesh aluminium anode 

batteries exhibit the most significant peak oxidation current 

and voltage, at 10.077 mA and 1.5 V, respectively. Peak 

oxidation voltage decreases proportionally to the surface area 

of the anode. An instance of the 1-step-mesh aluminium anode 

yields a maximum oxidation current of 9.75 mA and a voltage 

of 1.02 V. A non-mesh aluminium anode with 0.88 V and 8.5 

mA of oxidation current and voltage, respectively. This 

property indicates that by augmenting the anode's surface area, 

the oxidation process can be prolonged. The discharging and 

cyclic voltammetry tests yielded various battery parameters 

which demonstrates a 2-step-mesh anode that has the highest 

possible electrical capacity and specific capacity, which are 

1.92 mAh and 2.71 mAh/g, respectively. This is succeeded by 

the battery with the 1-step nanomesh anode and the non-mesh 

anode, which have values of 0.49 mAh, 0.69 mAh/g and 0.3 

mAh, 0.42 mAh/g, respectively as concluded in Table 2. 

 

 
 

Figure 7. Cyclic voltammetry of an aluminium air battery 

 

Table 2. Battery performance 

 

Anode 
Power 

(mW) 

Power 

Density 

(mW/cm2) 

Capacity 

(mAh) 

Specific 

Capacity 

(mAh/g) 

Non-

mesh 
36.81 9.20 0.3 0.42 

1-step-

mesh 
53.28 13.32 0.49 0.69 

2-step-

mesh 
59.71 14.92 1.92 2.71 

 

Table 2 illustrates the relationship between anode surface 

area and variations in pore distribution and pore diameter. 

Larger pores contribute to higher capacity and power, while 

aluminium anodes without mesh have a smaller surface area, 

resulting in the lowest battery capacity and power. A larger 

surface area of the anode will result in the release and transport 

of a greater number of ions [33, 34]. 

4. CONCLUSIONS 

 

The research discussed in the entry focuses on the impact of 

anode surface area on the electron discharge rate in a battery. 

This research compares the performance of 3 types of anodes: 

non-mesh anodes and 2 types of aluminium nanomesh anodes. 

The nanomesh structure increases the active surface area of the 

anode, causing a more dispersed distribution of electron 

discharge. The anode is subjected to 1-step and 2-step 

anodizing operations to differentiate the active surface area. 

The study found that the 2-step anodization process generates 

a more intricate nanomesh structure, characterized by an 

average pore diameter of 180 nm, which leads to a significant 

augmentation in the active surface area of the anode. The 

research findings show that the 2-step-mesh anode has a much 

higher electron discharge rate compared to the 1-step-mesh 

and non-mesh anodes. The research results show that 

increasing the anode surface area will prolong the oxidation 

process. The 2-step-mesh anode shows relatively better battery 

performance, with a specific capacity of 1.92 mAh and the 

ability to provide 59.71 mW of power. Overall, the research 

shows that increasing the active surface area of the anode 

through the use of nanomesh structures can significantly 

increase the electron discharge rate and battery performance. 

This has implications for the development of more efficient 

and reliable energy storage technologies, especially in the 

context of renewable energy sources and electric vehicles. 

This study explains how the anode active surface area 

enhances the electron release efficiency of aluminium-air 

batteries. This study concentrates on the size of the anode 

surface, in contrast to previous research that examined 

electrolyte materials or the composition of electrode materials. 

These results corroborate previous research and the 

exploration of optimal electrode design, indicating a path 

toward more efficient and durable aluminium-air batteries for 

various applications. 
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