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Abstract: In alkaline batteries, zinc is one of the most commonly used and significant metals. It has been discovered that 

adding a small amount of indium or antimony as an alloying element to zinc enhances battery longevity while maintaining 

zinc's sacrificial protection. Electrochemically examined using Galvanostatic Charge Discharge techniques, charge-

discharge performance for Zn, Zn-1% In, and Zn-1% Sb alloys in 6 M KOH solution. According to the charge-discharge 

data, introducing 1 percent Into Zn, the observable voltage is moved to a higher negative potential value. However, by 

adding the same quantity of  Sb, this voltage is switched to a less negative direction. In comparison to Sb, however, greater 

capacitance values can be attained at 1% In. This suggests that 1% In alloying with Zn has a greater favorable impact on 

charge effectiveness and capacitance than 1% Sb alloying. Zn-1%In alloy has a high capacitance value (179  F\g), whereas 

Zn and Zn-1%Sb alloy have capacitance values of 174 and 162 F\g, respectively. Furthermore, compared to Zn-1 percent 

Sb alloy, the discharge duration of Zn-1 percent In alloy is longer. Finally, modest alloying of In or Sb with Zn can be 

considered viable composites for long-life alkaline. 
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1 Introduction 

Rechargeable batteries (secondary batteries) are vital 

in today's technology. In general, by substituting some 

active material with conductive fillers and wider pores for 

ion transport, high-power rechargeable batteries can be 

constructed at the expense of energy density [1-6]. 

Consequently, many applications were adversely affected by 

the significant decrease in energy density. This is well 

recognized for applications requiring high energy density, 

such as automotive and portable power [7,8]. For more than 

a century, alkaline batteries have played a significant part in 

the span of electrical energy batteries systems. As a result, 

many newly developed energy systems have made alkaline 

rechargeable systems more suitable for the marketplace. 

This is mostly sufficient for the vast electronic gadgets 

market that new and emerging technologies have impacted 

for many years. The mindset seems to be very different from 

many other markets [9]. Zinc batteries, which are commonly 

used for cellular and auditory equipment, have the highest 

available energy density for the primary battery systems. 

Furthermore, these batteries' safety, balanced 

discharge voltage, and extended life characteristics make 

them stand out. In addition to its minimal cost, it is regarded 

as ecologically sustainable compared to other battery 

systems. It also plays a significant role across a wide range 

of temperatures [10]. 

According to the research, the primary disadvantage of 

zinc-air batteries is their short charge-discharge cycle life 

owing to the anode (zinc) breakdown and KOH carbonated 

production. Zinc's high activity can cause it to corrode 

rapidly in an aqueous medium [11]. Additionally, the 

primary causes of these batteries' short cycle life have been 

discovered in other circumstances, including shape change, 

zinc passivation, and hydrogen evolution (HER) [12]. 

Due to their high energy density, rechargeable alkali 

metal-air batteries are regarded the most viable alternative 

for the power source of electric vehicles (EVs). The 

practical application of metal-air batteries, on the other 

hand, remains a challenge. 

Many approaches have been devised and tested in the 

last decade to enhance the development of metal-air 

batteries. The reaction mechanisms have been steadily 

understood, and catalysts for air cathodes have been 

sensibly devised. 
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Using the charge-discharge technique, the influence of 

indium and antimony alloying with zinc on the dissolution 

of a zinc anode and the stability of ZnO film generated at 

the Zn surface in 6 M KOH solution (the solution used in 

zinc alkaline batteries) was investigated in this work. 

Several synthetic electrodes based on pure zinc with 

tiny portions of an element as additives can be utilized to 

achieve those characteristics. Indium was used in very few 

investigations to slow hydrogen gas generation in KOH 

solutions, lowering the corrosion rate [13]. 

This study shows how small alloying metals like 

indium and antimony can improve discharge time and 

capacitance when combined with zinc. The purpose is to see 

how indium and antimony affect charge-discharge processes 

as well as alkaline battery life. The charge-discharge 

performance of the two alloys was compared to that of pure 

zinc in a 6 M KOH solution. This investigation used charge-

discharge measurements. Before and after each test, the 

generated alloys were examined using X-ray diffraction 

(XRD) and scanning electron microscopy (SEM) (SEM). 

The investigation outcomes were discussed and compared to 

data on pure zinc. El-Sayed et al., on the other hand, 

demonstrated that when Zn is mixed with 0.5-1 percent Sb, 

its corrosion resistance skyrockets (the corrosion protection 

efficiency reaches 98.5 percent with the addition of 1 

percent Sb) [14, 15]. 

2 Experimental 

2. 1. Chemicals and Materials 

By dissolving a specific amount of potassium 

hydroxide, a solution of 6 M KOH has been obtained 

(BDH). Zn-1 % In solid solution and Zn-1 % Sb alloy as 

electrode materials (disk, A=0.196 cm
2
) were prepared in an 

electric furnace using closed and evacuated silica tubes at 

temperatures of 500 °C and 750 °C of both Zn-1 % In and 

Zn-1 % Sb alloys, respectively, for one day at a temperature 

of 500 °C and 750 °C of both Zn-1 % In and Zn-1 % Sb 

alloys (24 hrs). To maintain the molten homogenous, the 

melts were agitated every 6 hours. Then, as previously 

described [16], the mixed melt was allowed to cool by 

soaking in ice. The alloys Zn-1 percent In and Zn-1 percent 

Sb were created. 

2.2. Characterization 

The phases of the produced electrodes were 

determined using Brucker's AXS-D8 advance diffractometer 

and the Cu-K (=1.5418) detector. A JEOL-5300 mark 

scanning electron microscope was used to investigate the 

morphology of the working electrode surface. 

2. 3. Electrochemical experiments 

All electrochemical experiments were achieved in a 

Pyrex glass cell provided with three electrodes utilizing a 

Versa STAT4 Potentiostat / Galvanostat. A description of 

the cell can be found elsewhere [17]. As a working 

electrode, disk electrodes (Zn, Zn-1 percent In, and Zn-1 

percent Sb) inserted in an Araldite holder were used in the 

electrochemical studies. Before being slotted into the 

electrochemical cell, the working electrodes were lightly 

polished with emery paper (1000-1200 m), rinsed with high 

purity ethanol, and washed in flowing doubly distilled 

water. A platinum sheet counter electrode was used, and a 

saturated calomel was used as a reference electrode against 

which all electrochemical experiment potentials were 

evaluated. 

A continuous voltage of -2.0 V vs. SCE for five 

minutes in a solution of potassium hydroxide should be 

applied to clean the surface of the working electrode from 

any grease and produce oxides. The electrode was then 

turned off and vigorously agitated to eliminate the adsorbed 

hydrogen bubbles. 

2. 4. Charge-discharge technique 

Charge-discharge studies were carried out using a 

potential limited at -1.4 V and -0.9 V and a constant charge-

discharge current of 40, 50, 60, 70, 80, and 90 mA. 

3 Results and discussion 

3.1. Charge-discharge Technique 

In 6 M KOH, without any additives, galvanostatic 

charge-discharge curves for zinc, Zn-1%In bimetallic, and 

Zn-1%Sb alloy electrodes are presented in Figure 1. (a, b, 

c). With increasing current density from -40 to -90 mA, 

potentials move toward a positive scan, as seen in the 

figures. The electrodes under research have good discharge 

performance and decent discharge plateau at various applied 

current densities. For Zn and its alloys, charge-discharge 

curves show that the potential shifts toward the negative as 

the applied current increases. In the case of zinc and alloys, 

the discharge time decreases as the applied current density 

increases. It has been discovered that when the current 

density rises, the capacitance rises. 

At an applied current of 40 mA, Figure 2 shows the 

charge-discharge curves for Zn, Zn-1%In, and Zn-1% Sb 

electrodes. When comparing the discharging current density 

and time of zinc and other alloys, it can be noted that Zn-1 

% In alloy has the maximum discharging current density 

and time. This is because the active surface area will be 

increased due to the presence of indium, as evidenced by 

SEM pictures (Figure 5). This may be returned to that the 

radius of the In atom is bigger than the radius of the Zn 

atom. Furthermore, In has a higher potential for hydrogen 

evolution than Zn. As shown in equation (1), the specific 

capacitance can be calculated: 

S. C = I (A) × t (s)/m (g) × ΔV  (V)                (1) 
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where S.C is specific capacitance in F/g, where I is the 

applied current density in Ampere, t time in seconds, m 

mass of the active species in grams,  and ΔV the potential 

difference in volts. 

Figure 3 depicts the long-term discharge voltage 

curves of Zn and Zn-In alloys, as well as the capacitance at 

various current densities. The discharge time of the Zn-1 % 

In alloy is longer than that of the Zn-1 % Sb alloy and pure 

Zn, showing that its impedance behavior is better [18, 19]. 

The average discharge potential difference of Zn-1 % In 

alloy is -0.78 V, which is larger than Zn-1 % Sb (-0.35V) 

and Zn-1 percent In alloy (-0.35V) (-0.63 V). These 

experimental results show that a 1% In alloying with Zn 

improves energy efficiency compared to a 1% Sb alloying. 

Fig. 1: Charge-discharge of Zn (a), Zn 1% In (b), and Zn-

1% Sb (c) at different current densities at 25 
o
C. 

 

Fig. 2: Charge-discharge of Zn, Zn-1%In, and Zn-1%Sb 

alloys at applied current density 40 mA (a). 

Fig. 3: Discharge of the Zn and its alloys at different current 

densities. 

Fig. 4: The capacitance at different current densities of Zn 

and its alloys. 

Table 1: Capacitance values for pure Zn, Zn-1%In, and Zn-

1%Sb electrodes at an applied current density of -40 mA. 

Electrode type 

 

Applied  

current  

density (A) 

Specific capacity (F/g) 

 

Zn 

 

Zn- 1% 

In 

 

Zn-1% 

Sb 

-0.04  174 179 162 

This is due to the improvement of the good 

ion/electron conductivity. As shown in Figure 4 and 

recorded in Table 1, the discharge curves were used to 

calculate capacities at a current density of -40 mA. This 

result shows that the specific capacity of the produced Zn-1 

percent In alloy as an electrode steadily rose with indium 

content compared to the Zn-1 % Sb alloy. Finally, the 

results reveal that small indium alloying with zinc 

significantly impacts the alloying of zinc anode batteries in 

an alkaline medium. The potential of an open circuit is 

changed to a more negative value for the synthesized Zn-1 
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% In alloy as an electrode, which accounts for this 

improvement. As a result, the Zn-1 % In electrode in the 6 

M KOH solution employed in the alkaline battery had a 

longer discharge duration and higher capacitance than the 

Zn-1 % Sb and pure zinc electrodes. 

SEM scans of the oxide film generated at Zinc and Zn-

1%In are shown in Figure 5 (a, b). At a magnifying of x500, 

in electrodes in a solution of 6 M KOH at 25 
o
C in the active 

region. It's worth noting that the oxide layer created on the 

alloy surface in the active area appears to be denser and 

covers almost the entire surface compared to pure Zn. In 

Figure 5, the produced ZnO looks to be spider-line-like. In 

the case of alloy I, the generated ZnO oxide is significantly 

reduced, and another oxide (In2O3) appears (Zn-1 % In) 

Figure 4b. The produced In2O3 prefers big sticks. It coats 

the whole surface of alloy I. As a result of the SEM pictures, 

it can be deduced that the presence of indium in the solid 

solution of Zn-1 percent In alloy provides higher shielding 

due to the production of its oxide (In2O3). 

At a zoom of 500 times, Figure 5c shows the SEM 

image of the corrosion layer developed at Zn-1% Sb alloy in 

6 M KOH solution at the active region (after corrosion). The 

corrosion product particles generated on the surface of alloy 

II are shown in Fig. 5c (Zn-1 % Sb). Some surface 

components may be visible as a result, and the particles that 

form on the alloy II surface become stickier and finer. 

Furthermore, the alloy II micrographs reveal that decreased 

corrosion product generation on the surface leads to a 

significant reduction in dendritic growth, resulting in 

increased corrosion resistance [13,14, 20]. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5: SEM Images layers formed on Zn (a), Zn-1% In 

alloy (b), and Zn-1% Sb (c) surface at the active region.  

 

Several differences may be detected in Figures 6(a, b, 

and c) when examining the XRD data. The peaks for Zn and 

Zn(OH)2 are seen in Figure 6 a. Figure 6b, on the other 

hand, shows indium peaks with high intensity (at the active 

region). Both ZnO and In2O3 have high-intensity peaks in 

the Xrd spectra of alloy I (as seen in Figure 6 b). This 

demonstrated that the active portion of the Zn-1 % In alloy 

surface was coated with both ZnO and In2O3. In addition to 

ZnO and Zn(OH)2, the indium oxide on the surface of alloy 

I is high, and the majority of the surface is virtually coated 

by this oxide, according to the XRD and SEM data. As a 

result, all peaks of indium and indium oxides in XRD 

patterns with high intensities are visible. This suggests that 

in a Zn-1 percent In alloy, the inclusion of 1% In 

accelerated the creation of both In2O3 and ZnO. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6: Patterns of X-ray diffraction for the 

electrochemically formed oxide layers on Zn (a) and the 

synthesized Zn-1%In (b) and Zn-1%Sb (c) at the active 

region. 

The ZnSb and Zn4Sb3 phases developed and displayed 

in the curves in the XRD results of alloy II (Zn-1 percent Sb 

alloy), as illustrated in Fig. 6c. Furthermore, a peak for 

Sb2O3 appears to be near the site of Sb metal. It's worth 



Sohag J. Sci.. 7, No. 3, 55- 60 (2022)                                                                                                                                                         59  
 

 

 

 

 

 

noting that the oxides in the alloy's surface layer have a 

higher intensity than zinc oxides. This demonstrates the 

formation of ZnO and Sb2O3 oxides on the alloy surface. 

This result indicates that the oxides scatter and cover most 

of the surface of an alloy other than zinc, providing better 

protection and corrosion resistance.  

4 Conclusions 

The effects of indium and antimony on the 

electrochemical and corrosion behavior of zinc, as well as 

its appropriateness for use in alkaline batteries, are the 

subject of this research. 

The discharge time of Zn-1 percent In and Zn-1 

percent Sb alloys is compared to their capacitance. Charge-

discharge techniques were used in the experiment. Some of 

the major discoveries are as follows: 

1. Charge-discharge experiments show that the potential 

shifts to a more negative value when the current density 

increases and the discharge duration increases. Indium 

alloying increases capacitance. Even so, compared to 

pure Zn, alloying with Sb reduces capacitance and 

reduces discharge time. 

2. XRD and SEM examinations show that the indium 

content in the alloy catalyzes the synthesis of ZnO and 

Zn(OH)2 in an alkaline solution. 

With the addition of both In and Sb to Zn, the data obtained 

(XRD and SEM) of corrosion products generated on the 

surfaces of the electrodes revealed that Zn(OH)2 is 

completely gone. On the surface of a Zn-1 % Sb alloy, 

however, Sb2O3 has generated additional ZnO.  

Also, the newly developed alloys can be considered a good 

anode for alkaline battery application due to their larger 

negative open circuit potential, longer discharge duration, 

and higher capacitance produced than zinc. 
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