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Abstract - This research explores the utilization of waste tire adsorbents as a sustainable and cost-effective solution for removing 

heavy metals, with a particular focus on arsenic, from wastewater. Through a series of batch equilibrium studies, the adsorption 

capacity of waste tire adsorbents was evaluated under varying experimental conditions, including pH, temperature, and 

adsorbent dosage. The results revealed significant arsenic removal efficiencies, with waste tire adsorbents demonstrating 

substantial adsorption capabilities. Notably, the adsorption process was found to be rapid, achieving equilibrium within short 

durations. Furthermore, optimization studies elucidated the importance of pH, temperature, and adsorbent dosage in enhancing 

arsenic removal efficiency. The environmental and public health implications of waste tire adsorbents' efficacy in arsenic 

removal are substantial, offering a promising solution to mitigate arsenic pollution in water bodies. Overall, this study 

underscores the potential of waste tire adsorbents as a powerful and sustainable approach to address heavy metal contamination 

in wastewater while also contributing to waste management efforts. 
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1. Introduction 
Water pollution attributed to heavy metals, with arsenic 

being a predominant concern, represents a significant 

environmental challenge globally, posing serious risks to 

human health and ecosystems [1]. Arsenic, a toxic metalloid, 

infiltrates water bodies through various anthropogenic 

activities such as industrial discharges, mining activities, and 

agricultural practices, thereby posing substantial threats to 

environmental sustainability and public health. Traditional 

methods of wastewater treatment often struggle to efficiently 

remove arsenic, necessitating the exploration of alternative, 

cost-effective, and environmentally sustainable approaches to 

mitigate its presence in water bodies. In recent years, the 

utilization of waste materials as adsorbents for heavy metal 

removal has gained traction as a promising avenue for 

wastewater treatment [2]. Among these waste materials, waste 

tires have emerged as a particularly attractive candidate due to 

their abundance, low cost, and favorable adsorption 

properties. Waste tires, primarily composed of vulcanized 

rubber, exhibit a porous structure and a large surface area, 

making them well-suited for adsorption applications [3]. The 

utilization of waste tires as adsorbents not only offers a 

sustainable solution for waste tire disposal but also addresses 

the pressing concern of heavy metal pollute in water bodies. 

The unique properties of waste tires, including their porosity 

and high surface area, make them effective adsorbents for 

heavy metal ions such as arsenic. Adsorption is a well-

established method for removing contaminants from water, 

wherein pollutants adhere to the s/f of a solid material [4]. In 

the case of waste tires, a porous structure provides ample s/f 

area for the adsorption of heavy metal ions, while a rubber 

matrix offers binding locations for metal ion attachment. 

Additionally, the abundance of waste tires worldwide makes 

them a readily available and cost-effective solution for heavy 

metal removal in wastewater treatment processes [5]. 

Heavy metal contamination in wastewater poses 

significant environmental and public health concerns 

worldwide, necessitating effective remediation strategies. In 

recent years, the exploration of waste materials as adsorbents 

for heavy metal removal has garnered considerable attention 

due to its potential for sustainable and cost-effective 

wastewater treatment. Karmacharya et al. [6] performed 

research on the adsorption of arsenic onto waste tire-derived 

activated carbon. Their findings highlighted the significant 

adsorption capacity of waste tire-derived AC for arsenic ions, 

attributed to its porous arrangement and large s/f area. The 

study underscored the importance of waste tire-derived 
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activated carbon as a potential adsorbent for arsenic 

withdrawal from aqueous solutions. Building on this research, 

Shahrokhi et al. [7] investigated the adsorption behavior of 

waste tire-derived magnetic biochar for heavy metal removal 

from aqueous solutions. The results demonstrated remarkable 

adsorption capacities for various heavy metal ions, with 

removal efficiencies ranging from 80% to 99% for arsenic, 

cadmium, lead, and chromium. The magnetic properties of 

waste tire-derived magnetic biochar facilitated easy separation 

and regeneration processes, enhancing its suitability for 

practical wastewater treatment applications. Furthermore, 

Ahmed et al. [8] investigated the adsorption performance of 

waste tire-derived AC nanospheres for heavy metal removal 

from aqueous solutions. The results revealed excellent 

adsorption capacities for heavy metal ions, with a maximum 

adsorption limit of 34.5 mg/g for arsenic and 48.7 mg/g for 

lead. The study highlighted the potential of waste tire-derived 

AC nanospheres as efficient adsorbents for heavy metal 

removal in wastewater treatment processes. In addition, 

Arunachellan et al. [9] explored the adsorption properties of 

waste tire-derived carbon nanotubes for heavy metal 

withdrawal from aqueous solutions. The results demonstrated 

high adsorption capacities for various heavy metal ions, with 

maximum adsorption capacities of 55.6 mg/g for arsenic and 

68.9 mg/g for lead. The study emphasized the effectiveness of 

waste tire-derived carbon nanotubes as favourable adsorbents 

for heavy metal withdrawal in wastewater treatment 

applications. Moreover, Gupta et al. [10] examined the 

adsorption performance of waste tire-derived carbon aerogels 

for heavy metal removal from aqueous solutions. The results 

revealed significant adsorption capacities for heavy metal 

ions, with maximum adsorption capacities of 45.2 mg/g for 

arsenic and 58.6 mg/g for lead. The study highlighted the 

potential of waste tire-derived carbon aerogels as efficient 

adsorbents for heavy metal removal in wastewater treatment 

processes. 

Several parameters, including contact time, adsorbent 

dosage, pH, and temperature, influence the adsorption 

process's efficiency. For example, Cherono et al. [11] studied 

the effect of contact time on the adsorption of heavy metals 

using waste tire powder and found that equilibrium was 

typically reached within a short duration, indicating a rapid 

adsorption process. Additionally, a study by Guo et al. [12] 

highlighted that increasing the adsorbent dosage improved the 

removal efficiency of heavy metals up to an optimal point, 

beyond which no significant gains were observed. The impact 

of pH on the adsorption process is also well-documented. 

Barakat [12] found that the adsorption efficiency of arsenic 

increased with pH, achieving maximum removal at slightly 

alkaline conditions. This trend is consistent with the findings 

of other studies, such as those by Ohana et al. [13], who 

observed enhanced adsorption of arsenic at higher pH levels 

using various adsorbents. Temperature plays a crucial role in 

the adsorption process. Studies such as that by Akpomie et al. 

have shown that lower temperatures generally favor the 

adsorption of heavy metals, suggesting an exothermic nature 

of the process. Conversely, higher temperatures often result in 

decreased adsorption efficiency, as seen in the work of Raji et 

al. [14], where the adsorption capacity of various heavy metals 

diminished with increasing temperature. 

The creation of activated carbon from discarded tires 

typically begins with the pyrolysis of rubber, followed by 

controlled oxidation, a process referred to as activation [15]. 

Figure 1 outlines the typical steps and procedures commonly 

employed for producing adsorbents from discarded tires.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Fig. 1 General Steps for the preparation of adsorbents from discarded tires 
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       Although considerable progress has been made in 

wastewater treatment technologies, there remains a need for 

cost-effective, efficient, and sustainable methods to remove 

heavy metals like arsenic. Traditional techniques often face 

challenges such as high costs, complexity, and lengthy 

processing times, and the potential of using waste materials 

like discarded tires for adsorption has not been fully 

optimized. This study aims to address these gaps by evaluating 

the efficacy of waste tire adsorbents in arsenic removal from 

wastewater, optimizing parameters such as pH, temperature, 

and adsorbent dosage, and establishing this method as a 

viable, sustainable solution for heavy metal remediation. 

2. Materials and Methods 
2.1. Preparation of Adsorbent 

The waste tire rubber granules utilized in this research 

were sourced from the local market of Nagpur, India, ensuring 

no steel content was present. Ground rubber with particle sizes 

from 0.04 to 0.6 mm was selected for use in the experimental 

procedure. Prior to experimentation, the tire granules 

underwent a thorough washing process using distilled water to 

eliminate any foreign materials. Subsequently, the washed 

granules were subjected to oven drying at temperatures 

between 50°C to 60°C for 4 hours to remove residual moisture 

content. Following drying, the granules were carefully laid up 

in airtight containers to maintain their integrity and prevent 

contamination before subsequent application in the arsenic 

removal process. This meticulous preparation ensured the 

uniformity and purity of the waste tire rubber granules, 

facilitating reliable and reproducible experimental results. The 

scanning electron micrographic analysis of waste tire particles 

is presented in Figure 2, which shows a porous structure 

characterized by a diverse array of pores with varying sizes 

and shapes.   

 

 

 

 

 

 

 

 

 

 

Fig. 2 Scanning electron micrographs of waste tire particle 

 

2.2. Experimental Setup 

A batch adsorption experiment was conducted to examine 

the removal of heavy metals, specifically arsenic, from 

wastewater using waste tire rubber granules as the adsorbent. 

A series of glass beakers were prepared, each containing a 

predetermined volume of arsenic-contaminated wastewater.  

The desired dosage of waste tire rubber granules was 

added to each beaker, and the mixtures were agitated using a 

magnetic stirrer to ensure uniform contact between the 

adsorbent and the wastewater.  

pH measurements were performed using a pH meter 

(Orion 900S2) equipped with an internal reference electrode 

and glass electrode. Before each experiment, the pH meter was 

calibrated by utilizing standard buffer solutions to ensure the 

accuracy and reliability of the readings. 

2.3. Adsorption Process 

The adsorption process was allowed to proceed under 

controlled conditions, including temperature and agitation 

speed, for a predetermined contact time. Samples were 

withdrawn from each beaker at regular intervals, and the 

concentration of arsenic in the wastewater was measured using 

appropriate analytical techniques, such as Atomic Absorption 

Spectroscopy (AAS) or Inductively Coupled Plasma Mass 

Spectrometry (ICP-MS). 

2.4. Data Analysis 

The efficiency of arsenic withdrawal by waste tire rubber 

adsorbent was evaluated based on changes in arsenic 

concentration in the wastewater over time. The adsorption 

capacity of the adsorbent was determined by plotting 

adsorption isotherms and calculating parameters such as the 

Langmuir and Freundlich constants. The experimental results 

were analysed statistically to assess the significance of various 

factors influencing the adsorption process. 

3. Result and Discussion 
3.1. Contact Time Effect 

The duration of contact between wastewater and waste 

rubber powder, acting as an adsorbent, significantly influences 

the practical application of the adsorption process [11]. To 

investigate the effect of contact time on the adsorption of As 

(III), experiments were performed with an initial 

concentration of 10 g/l (refer to Table 1). These experiments 

were conducted at 25℃ over a time ranging from 10 minutes 

to 70 minutes.  

Analysis depicted in Figure 2 reveals a direct correlation 

between sorption and contact time. As the contact time 

escalates from 10 minutes to 60 minutes, the quantity of 

arsenic (III) removed steadily rises from 5.3 mg/L to 9.4 mg/L. 
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Table 1. The effect of contact time 
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Concurrently, the percentage of As (III) removed also 

increases with prolonged contact time, fluctuating between 

53% to 94%. Notably, the 70-minute mark stands out as the 

peak duration for achieving arsenic removal, reaching an 

impressive 99.90%. Subsequent to this point, no further bio-

adsorption occurred in the batch test, thereby establishing the 

equilibrium time at 70 minutes. Mathematical modeling was 

employed to further elucidate this relationship, resulting in the 

equation 

 

 

𝑦 = 0.8714𝑥 + 4.1333  (1) 

Where 'y' represents the removed arsenic and 'x' signifies 

the contact time. The coefficient of determination (r²) for this 

model was calculated as 0.9262, indicating a strong 

correlation. 

 

Figure 3 visually depicts the association between arsenic 

removal and contact time, reinforcing the observed trends. 

 
Fig. 3 Effect of contact time on the removal of trivalent Arsenic 

 

Table 2. Effect of adsorbent dose 
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Fig. 4 Effect of adsorbent dose on the withdrawal of trivalent arsenic 

 

3.2. Effect of Adsorbent Dose on the Removal of Trivalent 

Arsenic 

A dosage study holds significant importance in adsorption 

research as it assesses the adsorbent's capability to remove 

metal ions from a solution with a specific initial concentration 

[16]. Figure 4 illustrates the effect of adsorbent dosage on the 

percentage removal of As(III) at an initial concentration of 

10g/L. 

 

As shown in Table 2, increasing the adsorbent dose 

enhances the percentage removal of As(III) from 90% to 

99.99%, reaching an optimal dose of 40g/L of carbon powder. 

Beyond this optimal dosage, the removal efficiency remained 

unchanged.  

As anticipated, the removal efficiency rose with 

increasing adsorbent dosage for a given initial concentration, 

owing to the provision of greater surface area or more 

adsorption sites. Notably, as the adsorbent dose increased 

from 10 g/L to 35 g/L, there was a noticeable reduction in the 

final concentration of arsenic. 

To further analyse this relationship, mathematical 

modelling was conducted, yielding the equation  

𝑦 = 1.4409 𝑥 + 92.379  (2) 

Where 'y' represents the percentage of arsenic removed 

and 'x' signifies the adsorbent dose. The coefficient of 

determination (R²) for this model was calculated as 0.9155, 

indicating a strong correlation. Figure 3 visually illustrates the 

correlation between the percentage of arsenic removed and the 

adsorbent dose, reinforcing the observed trends. 

3.3. Effect of pH on the Removal of Arsenic 

The objective of examining the effect of pH is to 

understand how variations in pH levels impact the efficiency 

of As(III) withdrawal by adsorbent. To achieve this, batch 

equilibrium studies were conducted across different pH 

values, ranging from 7.1 to 7.9. Notably, there was a 

significant enhancement in arsenic removal efficiency with 

increasing pH levels. At pH 7.1, the removal efficiency stood 

at 85%, which notably escalated to 99% at pH 7.5. Further 

elevating the pH to 7.7 and 7.9 resulted in even higher removal 

efficiencies of 99.50% and 99.91%, respectively. 

As illustrated in Figure 5, higher pH levels favor the 

adsorption process of As(III) on waste tire adsorbent. The 

removal of trivalent arsenic was conducted at 25℃ with a 

contact time of 8 hours, using an initial concentration of 10 

mg/L at different pH levels. 

To further analyze this relationship, mathematical 

modelling was undertaken, resulting in the equation  

𝑦 = 1.4409 𝑥 + 92.379  (3) 

where 'y' represents the percentage of arsenic removed 

and 'x' signifies the pH level. The coefficient of determination 

(R²) for this model was calculated as 0.9431, indicating a 

strong correlation. Figure 4 visually illustrates the correlation 

between the percentage of arsenic removed and the pH level, 

reinforcing the observed trends. 

3.4. Effect of Temperature on the Removal of Arsenic 

The investigation into the effect of temperature aims to 

understand how variations in temperature impact the 

efficiency of As(III) removal using waste tire adsorbent and to 

govern the nature of the ongoing adsorption process, whether 

it is endothermic or exothermic.  

The experiment was conducted with an initial As(III) 

concentration of 10mg/L, a bio-adsorbent dose of 10g/L 

(FRBP), and a duration of 30 minutes. 
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Fig. 5 Effect of pH on the removal of arsenic 

 

 

Fig. 5 Effect of temperature on the removal of arsenic 

 

The results indicate that the removal efficiency of As(III) 

decreases with increasing temperature (refer to Table 3). At a 

lower temperature of 25℃, the maximum bio-adsorption 

efficiency reached 85%. In contrast, at a higher temperature of 

45℃, the bio-adsorption efficiency decreased to 70.2%. 

Hence, the optimum temperature for trivalent arsenic removal 

was found to be 25℃. Furthermore, it was observed from 

Figure 6 that the rate of adsorption decreases with increasing 

temperature, suggesting that the adsorption process is 

exothermic. 

To further analyse this relationship, mathematical 

modelling was performed, resulting in the equation  

𝑦 = −0.0205 𝑥 + 0.8045  (4) 

Where 'y' represents the percentage of arsenic removed 

and 'x' signifies the temperature. The coefficient of 

determination (R²) for this model was calculated as 0.9982, 

indicating a strong correlation. Figure 6 visually depicts the 

correlation between the percentage of arsenic removed and the 

temperature, reinforcing the observed trends. 

Table 3. Effect of temperature on the removal of arsenic 
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4. Discussion  
One of the primary reasons for superior results is the 

thorough optimization of key adsorption parameters, 

including contact time, adsorbent dosage, pH, and 

temperature. The adsorption process was found to reach 

equilibrium quickly, within 60 minutes, with a maximum 

removal efficiency of 99.90% at 70 minutes. This rapid 

adsorption rate outperforms many conventional methods that 

often require longer durations to achieve similar efficiencies 

[17]. By systematically increasing the adsorbent dose, an 

optimal dose of 40 g/L is identified, achieving a removal 

efficiency of 99.99%. This high efficiency at a relatively 

moderate dosage highlights the effectiveness of waste tire 

adsorbents, surpassing results from studies using other low-

cost adsorbents [7]. Experiments also revealed that the arsenic 

removal efficiency increased significantly with pH, reaching 

99.91% at pH 7.9. This finding aligns with Li et al. [18], but 

this study demonstrated even higher removal efficiencies, 

suggesting that waste tire adsorbents are particularly effective 

in slightly alkaline conditions. Additionally, the adsorption 

process was shown to be exothermic, with the highest removal 

efficiency of 85% at 25℃. This finding is consistent with the 

exothermic nature of adsorption processes documented in the 

literature [19]. However, our study's comprehensive 

temperature range assessment provided more detailed insights 

into the optimal operating conditions for waste tire adsorbents. 

The intrinsic properties of waste tire adsorbents, such as their 

large surface area and porous structure, significantly 

contribute to their high adsorption capacity. The activation 

process, involving pyrolysis and controlled oxidation, 

enhances these properties, making waste tire-derived activated 

carbon highly effective for heavy metal adsorption [20]. These 

characteristics enable waste tire adsorbents to efficiently 

capture and remove arsenic ions from wastewater, thus 

achieving higher removal efficiencies compared to other 

adsorbents. 

5. Conclusion 
Through comprehensive experimentation and analysis, 

this study has shed light on the remarkable potential of waste 

tire adsorbents as a viable solution for the removal of heavy 

metals, particularly arsenic, from wastewater. The results 

obtained provide compelling evidence of the efficacy and 

practicality of this approach in addressing environmental 

contamination while simultaneously repurposing discarded 

materials. 

The investigation into the adsorption capacity of waste 

tire adsorbents revealed significant removal efficiencies for 

arsenic across various experimental parameters. The findings 

indicated that waste tire adsorbents exhibited substantial 

adsorption capabilities, effectively reducing arsenic 

concentrations in aqueous solutions. Notably, the adsorption 

process proved to be rapid, with equilibrium achieved within 

relatively short durations, making it a time-efficient method 

for heavy metal removal. Furthermore, the examination of 

factors such as pH, temperature, and adsorbent dosage 

elucidated crucial insights into the optimization of the 

adsorption process. The results underscored the importance of 

these parameters in influencing the efficiency of arsenic 

removal, with specific conditions, such as lower pH levels and 

optimal temperatures, yielding higher removal efficiencies. 

Importantly, the environmental and public health implications 

of waste tire adsorbents' effectiveness in arsenic removal 

cannot be overstated. Arsenic contamination poses significant 

risks to ecosystems and human health, making its removal a 

pressing concern. However, the results of this study suggest 

that waste tire adsorbents offer a promising solution to this 

challenge, providing an environmentally sustainable and cost-

effective method for mitigating arsenic pollution in water 

bodies. 

In conclusion, the findings of this research emphasize the 

potential of waste tire adsorbents as a practical and efficient 

means of addressing heavy metal contamination in 

wastewater. By repurposing waste tires and harnessing their 

adsorption capabilities, this approach not only contributes to 

waste management efforts but also facilitates the protection of 

environmental and public health. Moving forward, further 

research and development in this area hold the promise of 

unlocking the full potential of waste tire adsorption 

technology, offering scalable solutions to the persistent issue 

of heavy metal pollution. 
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