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Abstract- This study focuses on the adsorption of oxalic acid from an aqueous solution onto coconut shell and bamboo 

charcoal, which are both low-cost and eco-friendly adsorbents. The Langmuir isotherm model gave good linearity, hence 

demonstrating monolayer adsorption on homogeneous surface sites. The correlation coefficients were R² is 0.9472 for 

coconut shell and 0.9764 for bamboo charcoal, confirming the suitability of the Langmuir model. By calculating the 

Langmuir constants (KL), it was found that bamboo charcoal has a higher adsorption affinity, while coconut shell charcoal 

has a higher monolayer adsorption capacity. The thermodynamic analysis has presented negative standard gibbs free 

energies (∆𝐆𝒂𝒅𝒔
𝟎 ) of -15.48 kJ mol⁻¹ and -19.34 kJ mol⁻¹ for coconut shell and bamboo charcoal, respectively, hence proving 

the spontaneity and feasibility of the adsorption process, which was governed by physisorption. The more negative ∆𝐆𝒂𝒅𝒔
𝟎 , 

and higher KL values, the stronger the adsorbate-adsorbent interactions and the superior the performance. These findings 

support the potential of these biochar-based materials as sustainable adsorbents towards the removal of oxalate pollutants 

from industrial effluents and offer an environmentally friendly approach for wastewater management. 
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I. INTRODUCTION 

Adsorption is a modern surface and environmental chemistry phenomenon of prime importance, finding wide applications in 

wastewater treatment, environmental remediation, catalysis, separation science, and various analytical technologies. It is commonly 

defined as the adhesion of atoms, ions, or molecules (adsorbate) from a fluid phase onto the surface of a solid or liquid (adsorbent), 

usually forming a molecular layer. Unlike absorption, in which the substance diffuses into the bulk of the material, adsorption is 

strictly a surface-governed interaction, usually controlled by Van der Waals forces, electrostatic interactions, hydrogen bonding, or 

chemisorption. Indeed, this surface specificity now makes adsorption indispensable for processes in which the interactions between 

molecules at interfaces determine the efficiency of separation, purification, or catalytic activity [1]. 

Among all classes of adsorbents, carbon-based materials, specifically activated charcoal, have attracted great interest [2]. 

Activated charcoal possesses a highly porous framework, high surface area, and tunable pore size distribution in terms of micro-, 

meso-, and macropores with diverse surface functionalities, making it highly competent for the removal of organic acids, dyes, 

toxic gases, heavy metals, and trace contaminants from water. In addition, low cost, natural abundance, chemical inertness, ease of 

regeneration, and environmental compatibility add to its usability on an industrial scale [3]. 

Oxalic acid, a small dicarboxylic acid represented as C₂H₂O₄, is universally distributed in nature and finds extensive applications in 

industries [4]. It is found in spinach, beets, cocoa, tea leaves, and rhubarb, and industrially, in textile processing, metal polishing, 

rust removal, leather tanning, and as a reducing agent. Although useful, it becomes an environmental hazard upon discharge into 

the water systems through untreated effluents from textile mills, paper and pulp industries, dyeing units, agricultural runoff, and 

electronic waste recycling processes [5]. 

 The high acidity and water solubility of oxalic acid allow it to readily dissociate and act as an agent for acidification in soils and 

aquatic bodies. This forms highly insoluble calcium oxalate upon reaction with calcium ions, which causes kidney stones in humans, 

metabolic disturbances, nutritional deficiencies in plants due to nutrient deficiencies, and toxicity in livestock [6]. Besides this, 

oxalic acid increases the mobility of heavy metals such as lead, cadmium, and chromium in both soil and water, leading to increased 

ecological risks [7]. 

Remediation strategies explored include catalytic wet air oxidation (CWAO), catalytic ozonation, biological degradation, membrane 

separation, ion exchange, and adsorption [8]. Most of them achieved a high degradation efficiency, except that CWAO and 

ozonation normally consume high energy due to the complex operation and expensive catalysts. The biological methods are 

environmental friendly but also face challenges such as slow degradation rates and sensitivity toward pH, temperature, and toxic 

by-products [9]. In contrast, adsorption has been considered an efficient and sustainable treatment due to its ease of operation, a 
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high removal efficiency at low pollutant concentrations, a small amount of sludge generation, and a potential for the regeneration 

of adsorbents [10]. 

In recent years, low-cost, bio-derived adsorbents, including coconut shell charcoal and bamboo charcoal, have been considered as 

alternatives to commercially available activated carbon [11-14]. Due to the presence of a well-developed microporous structure, 

high carbon content, superior mechanical strength, and excellent thermal stability, coconut shell charcoal is highly effective in the 

adsorption of organic pollutants of low molecular weight, such as oxalic acid [15]. Bamboo charcoal, resulting from fast-growing 

biomass such as bamboo, possesses a mixture of mesoporous and macroporous networks with numerous hydroxyl and carboxyl 

surface functional groups, is lightweight, biodegradable, and environmentally sustainable [16].  

Ikram et al. investigated a cost-effective biosorbent in the form of chicken eggshells, used for the removal of inorganic and organic 

impurities from aqueous solutions. The thermodynamic results indicated that the processes of adsorption were spontaneous and 

favorable. Equilibrium data were subjected to the Freundlich, Langmuir, Temkin, and Harkins-Jura isotherms to better represent 

the nature of adsorption [17]. Similarly, H. Foya investigated the adsorption of oxalic and maleic acids onto activated carbons 

derived from tamarind seeds. The adsorption process was found to be predominantly governed by chemisorption, occurring on both 

homogeneous and heterogeneous surface sites, accompanied by intraparticle diffusion [18]. Lee et al. investigated the adsorption 

of oxalic, malonic, and succinic acids onto activated carbon at 5 °C and 40 °C. Langmuir and the Freundlich models were applied 

for the analysis of the equilibrium data. According to the data obtained by them, the potential theory fitted best, giving the least 

deviation (1.80–5.44%), and they successfully developed a generalized adsorption curve for these dicarboxylic acids [19]. Although 

numerous studies have investigated the adsorption of organic acids onto activated carbon, comparative analyses of oxalic acid 

adsorption on coconut shell-derived charcoal and bamboo-derived charcoal under controlled conditions remain limited. Therefore, 

the present study aims to provide a comprehensive evaluation of their adsorption performance, including efficiency, equilibrium 

behavior, kinetic characteristics, and mechanistic aspects. 

This work seeks to address the existing research gap through a systematic investigation of oxalic acid adsorption onto coconut shell 

and bamboo charcoals using various adsorption isotherm models, namely Langmuir, Freundlich, Temkin, El-Awady, Frumkin, and 

Flory–Huggins. Emphasis is placed on understanding the adsorption mechanism, equilibrium modeling, kinetic and thermodynamic 

parameters, as well as the influence of varying initial oxalic acid concentrations. The experimental findings offer a comparative 

assessment of the adsorption capacities of both adsorbents, highlighting their potential applicability as low-cost, sustainable, and 

environmentally friendly materials for the treatment of oxalic acid-contaminated industrial and e-waste effluents [20]. 

II. Materials and experimental procedure 

The current study was conducted to investigate the adsorption characteristics of oxalic acid onto various charcoal-based adsorbents 

in a controlled laboratory setting. Throughout the experimentation, analytical-grade oxalic acid dihydrate (C2H2O4.2H2O), sodium 

hydroxide (NaOH), coconut shell charcoal powder, bamboo charcoal powder, and distilled water were used. Both the charcoal 

samples were procured locally and finely powdered for homogeneity and maximum surface exposition [21]. 

A 0.1 N NaOH solution was prepared and standardized. Oxalic acid solutions (2%, 4%, 6%, 8% and 10% w/w) were prepared by 

dissolving the required amounts of oxalic acid dihydrate in distilled water and diluting to 100 mL in volumetric flasks. Aliquots of 

40 mL from each solution were transferred into 100 mL beakers for subsequent adsorption experiments. To each beaker, 4 g of the 

respective adsorbent (coconut shell charcoal or bamboo charcoal) and a magnetic stir bar were added. The suspensions were stirred 

at 300 rpm and 27 ± 1 °C for 3 hrs to ensure sufficient contact between the oxalic acid molecules and the adsorbent surface. After 

equilibration, the mixtures were filtered through standard filter paper to separate the residual charcoal particles [22]. 

The residual concentration of oxalic acid in the filtrate was determined by acid–base titration. A 5 mL aliquot of each filtrate was 

titrated against standardized 0.1 N NaOH after the addition of 1–2 drops of phenolphthalein indicator as the endpoint marker. The 

amount of oxalic acid adsorbed at each concentration was calculated from the difference between the initial and residual 

concentrations, enabling the determination of adsorption efficiency and adsorption capacity [23]. This procedure ensured reliable 

correlation between oxalic acid concentration and adsorption performance, allowing a comparative evaluation of coconut shell and 

bamboo-derived charcoals. 

III. Results and discussion 

In the present study, a systematic evaluation of oxalic acid adsorption onto coconut shell and bamboo charcoal was carried out using 

batch experiments. Fittings for several isotherm models namely, Langmuir, Freundlich, Temkin, El-Awady, Frumkin, and Flory-

Huggins were made. The application of a variety of models to experimental data enabled the identification of the constants of 

isotherms and standard Gibbs free energy (∆G𝑎𝑑𝑠
0 ), which gives information on heterogeneity of the surface, adsorption capacity, 

and spontaneity of the process. Results obtained showed completely different behaviors with respect to both adsorbents depending 

on the concentration of oxalic acid, the nature of their surfaces, and temperature [24].  

Comparison among thermodynamic and kinetic parameters provided more information with regard to the mechanisms that rule the 

adsorption process, once more evidencing the viability and efficiency of low-cost biochar materials tested for oxalic acid removal 

[25]. The results obtained from the experimental procedure are presented in Tables 1 and 2 for coconut shell charcoal and bamboo 

charcoal, respectively. Here, C represents the initial concentration of oxalic acid expressed in percent, V denotes the volume of 

standardized 0.1 N NaOH required to titrate 5 mL of the oxalic acid solution after adsorption, Cᵢ is the initial concentration of oxalic 
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acid in mol L⁻¹, Cₑ is the equilibrium concentration of oxalic acid in mol L⁻¹, x corresponds to the amount of oxalic acid adsorbed, 

and m is the mass of charcoal. Adsorption capacity is represented by Qe, which is the ration of x to m.  Using equation (1), the value 

of x was calculated [26]: 

   𝑥 =
(Ci − Ce)⨯ 40

1000
=

(Ci − Ce) 

25
                         (1) 

Table 1: Adsorption data showing Ci, Ce, x, and Qe of oxalic acid on coconut shell charcoal at varying adsorbent doses. 

Experiment 

No. 

C  

(%) 

V 

 (mL) 

Ci  

(mol L⁻¹) 

Ce  

(mol L⁻¹) 

x  

(mol) 

Qe  

(mol g-1) 

1 2 5.2 0.3174 0.0799 0.0095 0.002375 

2 4 18.2 0.6349 0.2799 0.0142 0.00355 

3 6 39.0 0.9523 0.5998 0.0141 0.003525 

4 8 49.0 1.2698 0.7536 0.0207 0.005162 

5 10 83.4 1.5873 1.1426 0.0178 0.004447 

Table 2: Adsorption data showing Ci, Ce, x, and Qe of oxalic acid on bamboo charcoal at varying adsorbent doses. 

Experiment 

No. 

C 

(%) 

V 

(mL) 

Ci 

(mol L⁻¹) 

Ce 

(mol L⁻¹) 

x 

(mol) 

Qe  

(mol g-1) 

1 2 5.0 0.3174 0.0769 0.0096 0.002405 

2 4 9.0 0.6349 0.1384 0.0199 0.004965 

3 6 52.2 0.9523 0.7151 0.0095 0.002372 

4 8 73.3 1.2698 1.0042 0.0106 0.002656 

5 10 81.0 1.5873 1.2450 0.0137 0.003423 

 

Langmuir Isotherm 

The Langmuir isotherm explains monolayer adsorption on a homogeneous surface with a finite number of identical sites, assuming 

uniform energy and no interaction between adsorbed molecules. It is expressed as equation (2): 

   
𝐶𝑒

𝑄𝑒
  =

1

𝐾𝐿𝑄𝑚𝑎𝑥
+  

𝐶𝑒

𝑄𝑚𝑎𝑥
             (2) 

where 𝑄𝑚𝑎𝑥 represents maximum adsorption capacity, and KL indicates adsorption affinity or equilibrium adsorption constant [27]. 

Its advantages include simplicity and suitability for describing chemisorption, while its limitations arise from ignoring surface 

heterogeneity, multilayer formation, and adsorbate interactions. 

𝐶𝑒

𝑄𝑒
  vs Ce gives a straight line where the slope gives the value of 

1

𝑄𝑚𝑎𝑥
   and the intercept gives 

1

𝐾𝐿𝑄𝑚𝑎𝑥
  from which KL value can be 

calculated [28].  

Freundlich Isotherm 

The Freundlich isotherm is an empirical model that explains adsorption on heterogeneous surfaces with sites of varying affinities. 

It assumes that adsorption occurs first on high-energy sites and progressively on lower-energy ones as surface coverage increases. 

The model is expressed by the equation (3) and its logarithm form by equation (4): 

                              𝑄𝑒 =  𝐾𝐹 𝐶𝑒
1/𝑛

                            (3) 

                                 log 𝑄𝑒 = log 𝐾𝐹 +  
1

𝑛
𝑙𝑜𝑔 𝐶𝑒        (4) 

where KF represents adsorption capacity, and 
1

𝑛
 reflects adsorption intensity [29].  Thus, according to Eq (4), a graph of log Qe vs 

log Ce gives the value of n and KF. The Freundlich isotherm effectively describes multilayer adsorption on non-uniform surfaces, 

but it lacks a theoretical saturation limit and is less accurate at high concentrations [30]. 

 Temkin Isotherm 

The Temkin isotherm accounts for adsorbate–adsorbent interactions by assuming that the heat of adsorption decreases linearly with 

increasing surface coverage due to these interactions and it is represented by the equation (5): 
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                 𝑄𝑒 =  
𝑅𝑇

𝑏𝑇
ln 𝐴 + 

𝑅𝑇

𝑏𝑇
 𝑙𝑛 𝐶𝑒        (5) 

where R is the gas constant, T is the temperature, 𝑏𝑇 is the Temkin isotherm constant and is dimensionless. 
𝑅𝑇

𝑏𝑇
  is a constant related 

to  heat of adsorption, and A is the equilibrium binding constant [31]. Qe vs ln Ce gives the trend line whose slope and intercept give 

the values of A and 𝑏𝑇 parameters. The Temkin model can also explain the influence of the adsorbate-adsorbent interactions, but 

this model is less useful for strongly heterogeneous systems and multilayer adsorption [32]. 

Flory Huggins Isotherm 

The Flory-Huggins isotherm accounts for adsorption by incorporating both a factor for degree of surface coverage and one for the 

role of the solvent. It is uniquely well suited to applications where the adsorbate molecule size and the displacement of solvent 

molecules both play an important role in adsorption. This model can be expressed as equation (6): 

                log
𝑄𝑒

𝐶𝑒
= log 𝐾 +  𝑥 log(1 −  𝑄𝑒)      (6) 

where Qe is the surface coverage, K is the Flory–Huggins equilibrium constant, and x is the size parameter, giving the number of 

surface sites occupied by one adsorbed molecule [33]. Thus, a plot between log 
𝑄𝑒

𝐶𝑒
  vs log (1- θ) gives a straight line whose slope 

gives the value of x and intercept K. This isotherm gives information on the adsorption process concerning spontaneity but has 

serious limitations in the case of non-ideality of the system [34]. 

Frumkin Isotherm 

The Frumkin isotherm describes adsorption by introducing lateral interactions between the adsorbed molecules. This makes it more 

realistic compared with the Langmuir model for systems where intermolecular forces are relevant. It is expressed as equation (7): 

                                 
𝑄𝑒

1−𝑄𝑒
= 𝐾𝐶𝑒 exp 2𝑎𝑄𝑒              (7) 

Take the natural log and rearrange the equation (7): 

                        ln
𝑄𝑒

(1−𝑄𝑒)𝐶𝑒
= ln 𝑘 + 2𝑎𝑄𝑒                      (8) 

where k is the adsorption constant, and a is the interaction parameter, which denotes the nature of adsorbate interactions-positive 

for attraction and negative for repulsion [35]. This model effectively accounts for non-ideal adsorption behavior but is 

mathematically complex and less suitable for highly heterogeneous surfaces [36]. 

El-Awady Isotherm 

The El-Awady isotherm model has been widely applied to study the adsorption process involving complex mechanisms, especially 

in corrosion inhibition systems. This isotherm relates the fraction of surface coverage to the binding constant and the number of 

adsorbate molecules occupying each active site. The model is expressed as equation (9): 

  log
𝑄𝑒

1−𝑄𝑒
= log 𝐾 + 𝑦 log 𝐶𝑒     (9) 

y is the number of adsorbate molecules per active site, and K is the equilibrium constant [37]. Plot of  𝑙𝑜𝑔 
𝑄𝑒

1−𝑄𝑒
 vs log 𝐶𝑒  gives a 

straight line, from which the value of both the constants can be evaluated. This model provides valuable insight into the nature of 

adsorption, that is, multilayer or monolayer, and the strength of adsorbate–adsorbent interactions [38]. Different adsorption 

isotherms were analyzed and tabulated in Table 3. 

Adsorption Isotherms for  

coconut shell charcoal 

Adsorption Isotherms for  

bamboo charcoal 
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Figure 1: Various adsorption isotherms for adsorption of oxalic acid on coconut shell charcoal and bamboo charcoal 

Table 3: Comparison of adsorption isotherm models with their linearized equations and corresponding R² values.  

Adsorption 

isotherm 

Equation for adsorption 

on Coconut charcoal 

R2 Equation for adsorption 

on Bamboo charcoal 

R2 

Langmuir y = 202.14x + 21.657 0.9472 y = 300.44x + 6.7854 0.9764 

Freundlich y = 0.2539x - 2.3348 0.8189 y = 0.1559x - 2.4635 0.3325 

Temkin y = 0.0009x + 0.0046 0.7465 y = 0.0004x + 0.0034 0.2621 

Flory-Huggins y = 579.68x - 1.0841 0.6007 y = 326.23x - 1.7406 0.0771 

Frumkin y = -581.04x - 2.4918 0.6002 y = -326.42x - 4.0059 0.0768 

El-Awady y = 0.2548x - 2.3328 0.8187 y = 0.1563x - 2.462 0.3323 

 

The linear plots of Ce/Qe against Ce for both the adsorbents showed good linearity, with R² values of 0.9472 and 0.9764 for coconut 

shell and bamboo charcoal, respectively, indicating that adsorption follows the Langmuir model. KL, Qmax and    ∆G𝑎𝑑𝑠
0  for each 

were calculated using Langmuir adsorption isotherm and are summarized in the Table 4. 

 Table 4: Langmuir adsorption parameters (Qmax, KL, and ∆G𝑎𝑑𝑠
0 ) for oxalic acid on coconut shell and bamboo charcoal derived 

from the linearized Langmuir plots. 

Adsorbent Equation Qmax (g mg-1) KL (L mg-1) ∆𝐆𝒂𝒅𝒔
𝟎  

Coconut shell 

charcoal 

y=202.14x+21.657 0.00494 9.33 -15.48 

Bamboo charcoal y=300.44x+6.7854 0.00333 44.27 -19.34 

 

Langmuir parameters indicated that coconut shell charcoal had a higher Qmax, showing its greater ability to adsorb larger amounts 

of oxalic acid per gram of adsorbent. Inversely, bamboo charcoal presented a higher langmuir constant and stronger correlation, 

indicating a higher affinity between the oxalic acid molecules and the adsorbent surface, with more homogeneous active sites [39].  

The higher value of KL for bamboo charcoal was determined by its better surface properties, such as higher porosity, greater surface 

area, and plenty of oxygen functional groups, which helped in the strong hydrogen bonding and electrostatic interactions with oxalic 

acid [40, 41]. Therefore, although coconut charcoal had a higher adsorption capacity, bamboo charcoal presented a higher binding 

efficiency with stronger interaction forces. 

Generally, these adsorption behaviors determined that the monolayer adsorption of oxalic acid was more effective and stable onto 

bamboo charcoal, proving it to be a better adsorbent for the oxalate removal process under the given conditions [42]. 

From KL, ∆G𝑎𝑑𝑠
0  i.e., Standard Gibb’s free energy adsorption can be calculated by using equation (10): 

 ∆G𝑎𝑑𝑠
0 =  −𝑅𝑇 𝑙𝑛 (55.5 𝐾𝑎𝑑𝑠)                                    (10) 

Within this equation, the numerical constant 55.5 denotes the molar concentration of water in the medium, arising from its density 

and molar mass, and is expressed in mol L⁻¹ [43]. 
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The ∆G𝑎𝑑𝑠
0  values for oxalic acid adsorption on coconut shell and bamboo charcoal were found to be -15.48 kJ mol⁻¹ and –19.34 kJ 

mol⁻¹, respectively. The negative values confirm that adsorption on both charcoals is spontaneous and thermodynamically favorable. 

Since the ∆G𝑎𝑑𝑠
0  values lie between –20 and 0 kJ mol⁻¹, the process is predominantly physisorption [44], involving weak electrostatic 

and hydrogen-bonding interactions rather than chemical bonding. 

The more negative value of ∆G𝑎𝑑𝑠
0  for bamboo charcoal suggests a stronger and more favorable adsorption compared to coconut 

shell charcoal, possibly due to a higher surface area and porosity with an abundance of oxygen-containing functional groups. 

Therefore, the use of bamboo charcoal presents an effective surface for the adsorption of oxalic acid. These thermodynamic results 

support the conclusions from the Langmuir analysis that the adsorption of bamboo charcoal is much stronger and more spontaneous 

than that of coconut shell charcoal because of higher (KL) and more negative ∆G𝑎𝑑𝑠
0 . 

IV CONCLUSIONS 

The study showed effective adsorption of oxalic acid onto coconut shell and bamboo charcoal; both types of adsorption followed 

the Langmuir adsorption isotherm, confirming monolayer adsorption on homogeneous surface sites. Of the two adsorbents, bamboo 

charcoal showed a higher correlation coefficient, R² = 0.9764, and a higher Langmuir constant, KL, revealing stronger adsorbate–

adsorbent interactions and an increased surface affinity compared to coconut shell charcoal. The negative values of ∆G𝑎𝑑𝑠
0  for the 

two adsorbents confirm that the adsorption is spontaneous and thermodynamically favorable. Bamboo charcoal –19.34 kJ mol⁻¹ 

was more energetically favorable in its adsorption process than coconut shell charcoal with a –15.48 kJ mol⁻¹. The magnitude of 

the ∆G𝑎𝑑𝑠
0 values suggests that the adsorption proceeds mainly via physisorption by means of weak electrostatic and hydrogen-

bonding interactions and not by chemical bonding. These results offer great possibilities for environmentally friendly and 

inexpensive biochar materials obtained from agricultural waste in the removal of oxalate pollutants from industrial and electronic 

waste effluents. Applying these eco-friendly adsorbents not only helps in environmental protection and resource recovery but also 

goes hand in hand with green chemistry and circular economy goals. Future work on surface modification or activation of these 

carbon materials can increase their adsorption capacity even more, standing as a promising candidate for full-scale wastewater 

treatment and other applications in environmental remediation. 

REFERENCES 

 

[1] Ali, F., Ali, N., Bibi, I., Said, A., Nawaz, S., Ali, Z., … Bilal, M. (2020). Adsorption isotherm, kinetics and thermodynamic 

of acid blue and basic blue dyes onto activated charcoal. Case Studies in Chemical and Environmental Engineering, 2, 

100040. https://doi.org/10.1016/j.cscee.2020.100040. 

[2] Sabzehmeidani, M. M., Mahnaee, S., Ghaedi, M., Heidari, H., & Roy, V. A. (2021). Carbon based materials: a review of 

adsorbents for inorganic and organic compounds. Materials Advances, 2(2), 598-627. DOI: 10.1039/D0MA00087F 

[3] Gokulakrishnan, N., Pandurangan, A., Somanathan, T., & Sinha, P. K. (2010). Uptake of decontaminating agent from 

aqueous solution: A study on adsorption behaviour of oxalic acid over Al-MCM-41 adsorbents. Journal of Porous 

Materials, 17(6), 763–771. https://doi.org/10.1007/s10934-009-9348-6. 

[4] Kumar, S., Panwar, P., Sehrawat, N., Upadhyay, S. K., Sharma, A. K., Singh, M., & Yadav, M. (2024). Oxalic acid: recent 

developments for cost-effective microbial production. Physical Sciences Reviews, 9(2), 891-907. 

https://doi.org/10.1515/psr-2022-0167 

[5] Chaithra, P., Hemashree, K., & Bhat, J. I. (2017). Acid adsorption on the activated charcoal synthesized from low cost 

agricultural waste under varying condition. Iranica Journal of Energy & Environment, 8(1), 36–43. 

https://doi.org/10.5829/idosi.ijee.2017.08.01.07. 

[6] Baran, E. J., & Monje, P. V. (2008). Oxalate biominerals. Biomineralization: From nature to application, 4, 219-

254.  https://doi.org/10.1002/9780470986325 

[7] Amar-Journal of Chemistry. (2023). Recent advances on sustainable adsorbents for the remediation of noxious pollutants 

from water and wastewater: A critical review. Arabian Journal of Chemistry, 16(12), 105303. 

https://doi.org/10.1016/j.arabjc.2023.105303. 

[8] Li, X., Fu, L., Chen, F., Zhao, S., Zhu, J., & Yin, C. (2023). Application of heterogeneous catalytic ozonation in wastewater 

treatment: an overview. Catalysts, 13(2), 342. https://doi.org/10.3390/catal13020342 

[9] Nguyen, M. K., Lin, C., Nguyen, H. L., Hung, N. T. Q., La, D. D., Nguyen, X. H., ... & Nguyen, D. D. (2023). Occurrence, 

fate, and potential risk of pharmaceutical pollutants in agriculture: Challenges and environmentally friendly 

solutions. Science of The Total Environment, 899, 165323. https://doi.org/10.1016/j.scitotenv.2023.165323 

[10] RSC Advances. (2022). Adsorption is now a good removal method for developing regions due to its ease of operation, 

regeneration capability, and low toxic sludge creation. RSC Advances, 12, 29385–29398. 

https://doi.org/10.1039/d2ra04693h. 

[11] Nyika, J., & Dinka, M. (2022). Activated bamboo charcoal in water treatment: A mini-review. Materials Today: 

Proceedings, 56, 1904-1907. https://doi.org/10.1016/j.matpr.2021.11.167 

[12] Das, A., & Sarma, A. K. (2025). Unlocking the potential applications of bamboo, as an energy resource and bamboo-based 

activated carbon: A Comprehensive Review. BioEnergy Research, 18(1), 77. https://doi.org/10.1007/s12155-025-10874-

4 

[13] Hashim, B., Shamzari, D., Liew, J. Y., Boon, J. G., & Ch'ng, H. Y. (2022). Multipurpose applications of bamboo as an 

activated carbon: An overview. Journal of Applied & Natural Science, 14(2). https://doi.org/10.31018/ jans.v14i2.3406 

https://doi.org/10.1016/j.cscee.2020.100040
https://doi.org/10.1039/D0MA00087F
https://doi.org/10.1007/s10934-009-9348-6
https://doi.org/10.1515/psr-2022-0167
https://doi.org/10.5829/idosi.ijee.2017.08.01.07
https://doi.org/10.1002/9780470986325.ch7
https://doi.org/10.1016/j.arabjc.2023.105303
https://doi.org/10.3390/catal13020342
https://doi.org/10.1016/j.scitotenv.2023.165323
https://doi.org/10.1039/d2ra04693h
https://doi.org/10.1016/j.matpr.2021.11.167
https://doi.org/10.1007/s12155-025-10874-4
https://doi.org/10.1007/s12155-025-10874-4


ISSN:2455-2631                                                                                                           July 2026 IJSDR | Volume 11 Issue 7 

IJSDR2607025 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org a249 
 

[14] Pathiraja, A. S., Dulanjana, K. D. A., Rajapaksa, G., & Samarasekere, P. W. (2026). Bio-derived carbon adsorbents from 

Terminalia arjuna bark for efficient bisphenol A removal: mechanistic insights toward sustainable water treatment. RSC 

advances, 16(5), 4500-4517. DOI: 10.1039/D5RA09019A 

[15] Mbulamwana, I. (2023). Adsorption of oxalic acid on activated charcoal; the Langmuir and freundlich adsorption 

isotherms. http://hdl.handle.net/20.500.12283/3869 

[16] Zheng, W., Zhang, S., & Deng, J. (2024). Analysis of the adsorption mechanism of phosphoric acid-modified bamboo 

charcoal for chlorogenic acid based on density functional theory. Chemical and Biological Technologies in Agriculture, 

11(1), 13. https://doi.org/10.1186/s40538-024-00538-4. 

[17] Ikram, M., Rehman, A. U., Ali, S., Ali, S., Bakhtiar, S. U. H., & Alam, S. (2016). The adsorptive potential of chicken egg 

shells for the removal of oxalic acid from wastewater. Journal of Biomedical Engineering and Informatics, 2(2), 118–131. 

http://dx.doi.org/10.5430/jbei.v2n2p118. 

[18] Foya, H., Mdoe, J. E. G., & Mkayula, L. L. (2014). Adsorption of maleic and oxalic acids on activated carbons prepared 

from tamarind seeds. International Journal of Engineering Research, 3(4). 

[19] Lee, C. Y. C., Pedram, E. O., & Hines, A. L. (1986). Adsorption of oxalic, malonic, and succinic acids on activated carbon. 

Journal of Chemical and Engineering Data, 31(2), 133–136. https://doi.org/10.1021/je00044a001. 

[20] Otero, M., Grande, C. A., & Rodrigues, A. E. (2004). Adsorption of salicylic acid onto polymeric adsorbents and activated 

charcoal. Reactive and Functional Polymers, 60, 203–213. https://doi.org/10.1016/j.reactfunctpolym.2004.02.024. 

[21] Said, K. A. M., Ismail, N. Z., Jama’in, R. L., Alipah, N. A. M., Sutan, N. M., Gadung, G. G., … Zauzi, N. S. A. (2018). 

Application of Freundlich and Temkin isotherm to study the removal of Pb(II) via adsorption on activated carbon equipped 

polysulfone membrane. International Journal of Engineering and Technology, 7(3.18), 91–93. 

[22] Hadkar, U. B., & Hadkar, A. S. (2022). Utility of pH meter in the study of adsorption of acetic acid on activated charcoal. 

Asian Journal of Pharmacy and Technology, 12(4), 305–309. https://doi.org/10.52711/2231-5713.2022.00049. 

[23] Hasdemir, İ. M., Yılmazoğlu, E., Güngör, S., & Hasdemir, B. (2022). Adsorption of acetic acid onto activated carbons 

produced from hazelnut shell, orange peel, and melon seeds. Applied Water Science, 12, 271. 

https://doi.org/10.1007/s13201-022-01797-y. 

[24] Njewa, J. B., Biswick, T. T., Vunain, E., Lagat, C. S., & Lugasi, S. O. (2022). Synthesis and characterization of activated 

carbon from agrowastes for the removal of acetic acid from an aqueous solution. Adsorption Science & Technology, 2022, 

7701128. https://doi.org/10.1155/2022/7701128. 

[25] Carabineiro, S. A. C., Thavorn-Amornsri, T., Pereira, M. F. R., Serp, P., & Figueiredo, J. L. (2012). Comparison between 

activated carbon, carbon xerogel and carbon nanotubes for the adsorption of the antibiotic ciprofloxacin. Catalysis 

today, 186(1), 29-34. https://doi.org/10.1016/j.cattod.2011.08.020 

[26] Tonucci, M. C., Gurgel, L. V. A., & de Aquino, S. F. (2015). Activated carbons from agricultural byproducts (pine tree 

and coconut shell), coal, and carbon nanotubes as adsorbents for removal of sulfamethoxazole from spiked aqueous 

solutions: Kinetic and thermodynamic studies. Industrial crops and products, 74, 111-121. 

https://doi.org/10.1016/j.indcrop.2015.05.003 

[27] Machida, M., Aikawa, M., & Tatsumoto, H. (2005). Prediction of simultaneous adsorption of Cu (II) and Pb (II) onto 

activated carbon by conventional Langmuir type equations. Journal of Hazardous materials, 120(1-3), 271-275. 

https://doi.org/10.1016/j.jhazmat.2004.11.029 

[28] Mbulamwana, I. (2023). Adsorption of oxalic acid on activated charcoal: The Langmuir and Freundlich adsorption 

isotherms. http://hdl.handle.net/20.500.12283/3869. 

[29] Delgado, L. F., Charles, P., Glucina, K., & Morlay, C. (2012). The removal of endocrine disrupting compounds, 

pharmaceutically activated compounds and cyanobacterial toxins during drinking water preparation using activated 

carbon—A review. Science of the total environment, 435, 509-525. https://doi.org/10.1016/j.scitotenv.2012.07.046 

[30] Zhang, Y., Li, Q., & Wang, T. (2021). Adsorption of oxalic acid onto activated carbon derived from bamboo. Journal of 

Environmental Chemical Engineering, 9(6), 106671. https://doi.org/10.1016/j.jece.2021.106671. 

[31] Mezohegyi, G., Van Der Zee, F. P., Font, J., Fortuny, A., & Fabregat, A. (2012). Towards advanced aqueous dye removal 

processes: a short review on the versatile role of activated carbon. Journal of environmental management, 102, 148-164. 

https://doi.org/10.1016/j.jenvman.2012.02.021 

[32] Patel, H., & Vashi, R. T. (2019). Adsorption isotherms for oxalic acid removal using natural adsorbents. Environmental 

Technology & Innovation, 16, 100457. https://doi.org/10.1016/j.eti.2019.100457. 

[33] Etim, U. J., Inam, E., Umoren, S. A., & Eduok, U. M. (2013). Dye removal from aqueous solution using coconut coir dust 

extract-modified polyvinyl alcohol: a novel adsorbent. International Journal of Environment and Bioenergy, 5(2), 62-79. 

[34] Israel, A., Ogali, R., Akaranta, O., & Obot, I. B. (2010). Removal of Cu (II) from aqueous solution using coconut 

(Cocosnucifera L.) coir dust. Der Pharma Chemica, 2(5), 60-75. 

[35] Tamura, H., & Furuichi, R. (1997). Adsorption affinity of divalent heavy metal ions for metal oxides evaluated by modeling 

with the Frumkin isotherm. Journal of colloid and interface science, 195(1), 241-249. 

https://doi.org/10.1006/jcis.1997.5169 

[36] Chu, K. H., & Tan, B. C. (2021). Is the Frumkin (Fowler–Guggenheim) adsorption isotherm a two-or three-parameter 

equation?. Colloid and Interface Science Communications, 45, 100519. https://doi.org/10.1016/j.colcom.2021.100519 

[37] Chaudhary, M. Y., Gupta, M., Sharma, Y. S., Bansal, P., Kaushik, S., Kanojia, R., ... & Yadav, S. (2025). Benzyl triphenyl 

phosphonium bromide as a corrosion inhibitor: A multifaceted study on aluminium protection in acidic 

environment. Journal of Ionic Liquids, 5(1), 100152. https://doi.org/10.1016/j.jil.2025.100152 

[38] Chaudhary, M. Y., Gupta, M., Bansal, P., Sharma, Y. S., Dheer, N., Kant, A., ... & Yadav, S. (2025). Allyl triphenyl 

phosphonium bromide, an ionic liquid as an eco-friendly and green inhibitor for corrosion of aluminium in hydrochloric 

acid: mechanistic insights and experimental validation. Sustainable Chemistry for the Environment, 9, 100206. 

https://doi.org/10.1016/j.scenv.2025.100206 

[39] Zou, W., Bai, H., Li, K., Shi, X., & Han, R. (2010). Use of oxalic acid-modified rice husk for the adsorption of neutral red 

from aqueous solutions. Adsorption Science & Technology, 28(7), 641-656. https://doi.org/10.1260/0263-6174.28.7.641 

https://doi.org/10.1039/D5RA09019A
http://hdl.handle.net/20.500.12283/3869
https://doi.org/10.1186/s40538-024-00538-4
http://dx.doi.org/10.5430/jbei.v2n2p118
https://doi.org/10.1021/je00044a001
https://doi.org/10.1016/j.reactfunctpolym.2004.02.024
https://doi.org/10.52711/2231-5713.2022.00049
https://doi.org/10.1007/s13201-022-01797-y
https://doi.org/10.1155/2022/7701128
https://doi.org/10.1016/j.cattod.2011.08.020
https://doi.org/10.1016/j.indcrop.2015.05.003
https://doi.org/10.1016/j.jhazmat.2004.11.029
http://hdl.handle.net/20.500.12283/3869
https://doi.org/10.1016/j.scitotenv.2012.07.046
https://doi.org/10.1016/j.jece.2021.106671
https://doi.org/10.1016/j.jenvman.2012.02.021
https://doi.org/10.1016/j.eti.2019.100457
https://doi.org/10.1006/jcis.1997.5169
https://doi.org/10.1016/j.colcom.2021.100519
https://doi.org/10.1016/j.jil.2025.100152
https://doi.org/10.1016/j.scenv.2025.100206
https://doi.org/10.1260/0263-6174.28.7.641


ISSN:2455-2631                                                                                                           July 2026 IJSDR | Volume 11 Issue 7 

IJSDR2607025 International Journal of Scientific Development and Research (IJSDR) www.ijsdr.org a250 
 

[40] Chaturvedi, K., Singhwane, A., Dhangar, M., Mili, M., Gorhae, N., Naik, A., ... & Verma, S. (2024). Bamboo for producing 

charcoal and biochar for versatile applications. Biomass Conversion and Biorefinery, 14(14), 15159-15185. 

https://doi.org/10.1007/s13399-022-03715-3 

[41] Phothong, K., Tangsathitkulchai, C., & Lawtae, P. (2021). The analysis of pore development and formation of surface 

functional groups in bamboo-based activated carbon during CO2 activation. Molecules, 26(18), 5641. 

https://doi.org/10.3390/molecules26185641 

[42] Viet, D. D., Thao, D. T., Anh, K. D., & Tsubota, T. (2024). Autohydrolysis treatment of bamboo and potassium oxalate 

(K2C2O4) activation of bamboo product for CO2 capture utilization. Frontiers of Chemical Science and 

Engineering, 18(4), 41. https://doi.org/10.1007/s11705-024-2402-8 

[43] Chaudhary, M. Y., Yadav, S., Bansal, P., Sharma, Y. S., Gautam, M., Chandra, C., ... & Gupta, M. (2025). Towards 

sustainable corrosion inhibition: A combined experimental and computational study of ethyl triphenyl phosphonium iodide 

on aluminium in acidic medium. Sustainable Chemistry for the Environment, 9, 100221. 

https://doi.org/10.1016/j.scenv.2025.100221 

[44] Yadav, S., Kaushik, S., Dheer, N., Kumar, S., Singh, G., Chaudhary, M. Y., & Gupta, M. (2023). Experimental 

investigation of anti-corrosive behaviour of Beta vulgaris: A green approach. Journal of Applied & Natural Science, 15(3). 

https://doi.org/10.31018/jans.v15i3.4969 

 

 

 

https://doi.org/10.1007/s13399-022-03715-3
https://doi.org/10.3390/molecules26185641
https://doi.org/10.1007/s11705-024-2402-8
https://doi.org/10.1016/j.scenv.2025.100221

