ADSORPTIVE CAPACITY OF CORN STALK POWDER FOR THE REMOVAL OF COBALT(II) IONS FROM AQUEOUS SOLUTION

[bookmark: _Toc192157026]Abstract
This study investigates the effect of various parameters, including adsorbent dosage, pH, contact time, and initial concentration, on the adsorption of cobalt(II) ions from aqueous solutions using carbon as the adsorbent. The results show that cobalt(II) adsorption decreases with increasing adsorbent dosage, with the highest adsorption capacity (132.13 mg/g) observed at 0.1 g of carbon dosage, while higher dosages led to a reduction in efficiency. In terms of pH, the highest adsorption capacity of 129.63 mg/g was recorded at pH 9.1, indicating optimal conditions for cobalt(II) ion removal. Regarding contact time, the adsorption capacity increased significantly with time, reaching its peak at 60 minutes (146.05 mg/g), after which it stabilized. The effect of initial concentration revealed that the adsorption capacity increased with the initial concentration of cobalt(II) ions, with the highest capacity (202.68 mg/g) observed at 250 mg/L. The findings suggest that contact time, pH, and initial concentration are crucial factors in optimizing the adsorption process for effective removal of cobalt(II) ions from aqueous solutions.
1.0 Introduction
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The contamination of water by heavy metals is a significant environmental concern due to the toxic and non-biodegradable nature of these pollutants. Cobalt (II) ions, in particular, are notable for their industrial applications and resultant prevalence in wastewater streams. Effective removal of cobalt (II) from aqueous solutions is thus essential for mitigating environmental and health risks [8]. Cobalt (II) ions are commonly found in the effluents of various industrial processes such as mining, smelting, and battery manufacturing [21]. The presence of cobalt in water poses significant threats to both aquatic life and human health. High levels of cobalt can lead to adverse health effects including cardiotoxicity, neurotoxicity, and thyroid damage [15]. Therefore, developing efficient methods for cobalt removal is critical. Among the various techniques available for heavy metal removal, adsorption has gained prominence due to its simplicity, efficiency, and cost-effectiveness. Adsorption processes utilize materials that can bind and sequester metal ions from aqueous solutions, thereby purifying the water. The efficiency of an adsorbent depends on its surface area, pore structure, and the nature of its active sites [23].
Agricultural wastes have emerged as promising adsorbents due to their abundance, low cost, and biodegradability. Materials such as rice husk, sawdust, and coconut shells have been extensively studied for their adsorptive properties [7]. Corn stalk, a byproduct of maize cultivation, represents an underutilized agricultural residue with potential application in heavy metal adsorption [18]. Corn stalk powder, derived from the lignocellulosic biomass of corn plants, is composed of cellulose, hemicellulose, and lignin. These components provide a high surface area and a variety of functional groups (e.g., hydroxyl, carboxyl, and phenolic groups) that can interact with metal ions. The modification or activation of corn stalk powder can further enhance its adsorptive capacity, making it an efficient adsorbent for cobalt (II) ions [5]. Studies have demonstrated the effectiveness of corn stalk powder in removing heavy metals from aqueous solutions. For instance, Liu et al., [8] reported that chemically modified corn stalk showed improved adsorption capacity for heavy metals like lead and cadmium. Similarly, Zhang et al., [15] found that the adsorption of cobalt (II) ions by corn stalk powder was influenced by factors such as pH, contact time, and initial metal ion concentration.
2.0 Materials and Methods
[bookmark: _Toc191373727][bookmark: _Toc192157058]2.1 Adsorbent Preparation
The collected corn stalks were washed repeatedly with distilled water to remove dust and insoluble impurities. The corn stalks were air-dried under room temperature and subsequently dried in an oven at 105 °C for 24 h to constant mass. The corn stalks were ground and sieved to an obtained particle size less than 300 µm. It was carbonized using muffle furnace. The adsorbent was activated with 6 M HCl for 24 h. It was then wash repeatedly with distilled water to neutralize it. pH meter was used to check the neutralization process, dried under room temperature and stored in a plastic bottle ready for use.  
A stock solution of 1000 ppm of Co2+ ion was prepared by dissolving 0.4037 g of Cobalt chloride hexahydrate in 1 L of solution. Serial dilutions of the stock solution were prepared to obtain 100 mg/L solution used in the batch to investigate adsorbent dosage, pH, contact time, and adsorbate dosage.
[bookmark: _Toc191373728][bookmark: _Toc192157059]2.2 Effect of Adsorbent Dosage
Variable measurements of adsorbents were taken ranging from 0.1 g to 2.0 g into different plastic bottles and  100 mg/L was added into it shaking for 30 minutes, filtered and analyzed to determine which gram adsorbed better. After shaken it was analyzed and 0.1 g was the optimal value.
[bookmark: _Toc191373729][bookmark: _Toc192157060]2.3 Effect of pH
1 M NaOH and/or 1 M HCl was used to adjust the 100 mg/L of the stock solution to variable pH of 1.0 to 14.0 into a plastic bottle with 0.1 g of adsorbent. pH of 9 was obtained as the best.
[bookmark: _Toc191373730][bookmark: _Toc192157061]2.4 Effect of Contact time 
The optimum contact time was determined by measuring into each sample bottle 0.1 g of the adsorbent and 100 mg/L of the stock solution, adjusted to pH of 9. The mixture was shaken in a mechanical at 200 rpm and at different time intervals ranging from 5 to 100 minutes. The best contact time was found to be 60 minutes after analysis.
[bookmark: _Toc191373731][bookmark: _Toc192157062]2.5 Effect of adsorbate Dosage
0.1 g of the adsorbent was measured into sample bottle, variable initial concentrations were used ranging from 50 to 250  mg/L of the sample adjusted to pH of 9 into the same sample bottle containing the adsorbent. The mixture was shaken to the optimal time of 80 minutes. It was filtered and analysed to determine the best adsorbate.
[bookmark: _Toc191373732][bookmark: _Toc192157063]2.6 Analytical Determination of Co2+
After filtering the already shook mixture containing 0.1 g adsorbent, pH 9 at 60 minutes, 0.4 mL of the sample, 5 mL of ethanol, and 1 mL of ammonium thiocyanate into 10 mL sample bottle and make to mark with distilled water. The mixture was analysed using UV-visible spectrophotometer (Jenway-7305) at 625 nm. The determination of Co2+ ion involves measuring the adsorption of light by Co2+ion in the UV-visible region. 
The amount adsorbed at equilibrium was calculated using the equation;

Where; Qe = Equilibrium concentration of adsorbed amount of Co2+ ion (mg/g).
	Cf = Concentration of residual Co2+ ion.
	Ci = Initial Co2+ ion concentration.
	V = Volume of the solution.
	W = Weight of absorbent (g).
[bookmark: _Toc192157065]3.0 Results and Discussion
[bookmark: _Toc192157067]3.1 Effect of Adsorbent Dosage on Adsorption of Cobalt(II) ions in Aqueous Solution
The adsorption capacity of cobalt(II) ions decreases as the adsorbent dosage increases. The highest adsorption capacity (132.13 mg/g) is observed at the lowest dosage (0.1 g). A significant decline in adsorption capacity occurs as the dosage increases from 0.1 g to 0.5 g. Beyond 0.8 g, the adsorption capacity stabilizes, showing minimal changes. The trend suggests that higher adsorbent dosages lead to lower efficiency per unit mass of adsorbent.

	Table 1. Data on Effect of Adsorbent Dosage on Adsorption of Cobalt(II) ions in Aqueous Solution


	S/N
	Dosage of carbon
	qe (mg/g)

	1
	0.1
	132.13

	2
	0.2
	53.92

	3
	0.3
	42.49

	4
	0.4
	35.00

	5
	0.5
	24.93

	6
	0.6
	20.47

	7
	0.7
	16.43

	8
	0.8
	12.81

	9
	0.9
	12.46

	10
	1
	12.43

	11
	1.2
	9.67

	12
	1.4
	8.47

	13
	1.6
	8.26

	14
	1.8
	6.51

	15
	2
	6.71




Figure 1. Effect of adsorbent dosage on adsorption of cobalt(II) ions from aqueous solution


The data in Table 1 illustrates the effect of adsorbent dosage on the adsorption of cobalt(II) ions in an aqueous solution. The adsorption capacity decreases progressively as the adsorbent dosage increases. At a low dosage of 0.1 g, the highest adsorption capacity (132.13 mg/g) is recorded, indicating a high concentration of cobalt(II) ions adsorbed per gram of the adsorbent. However, as the dosage increases to 0.5 g, the adsorption capacity significantly drops to 24.93 mg/g. This decline can be attributed to an increase in available adsorption sites, leading to reduced cobalt(II) ion concentration per unit of adsorbent, thus lowering adsorptive capacity.
Beyond 0.8 g, the adsorption capacity stabilizes, showing minimal changes in values, suggesting that equilibrium has been reached where additional adsorbent does not significantly enhance adsorption. The lowest adsorption capacity (6.51 mg/g) occurs at 1.8 g, with a slight increase to 6.71 mg/g at 2 g, indicating that excessive adsorbent dosage does not improve adsorption efficiency. This trend can be explained by particle aggregation at high dosages, reducing the effective surface area and active adsorption sites.
[bookmark: _Toc192157068]Previous studies have reported similar trends in the adsorption behavior of metal ions using various adsorbents. For instance, Ajmani et al., [1] observed a decrease in adsorption capacity with increasing adsorbent dosage when studying the removal of heavy metals using activated carbon. Their findings were attributed to the increase in surface area and available adsorption sites, which led to lower adsorption per unit mass due to reduced solute concentration in the solution. Similarly, Gupta and Babu [9] demonstrated that at higher adsorbent dosages, particle interactions and agglomeration hinder effective ion diffusion, further reducing adsorption efficiency. Chen et al., [5] also reported that excessive adsorbent dosage could lead to overlapping of active sites, limiting cobalt(II) ion uptake.
3.2 Effect of pH  on Adsorption of Cobalt(II) ions in Aqueous Solution
The adsorption capacity of cobalt(II) ions varies with pH, showing a non-linear trend. Maximum adsorption (129.63 mg/g) is observed at pH 9.1, indicating optimal adsorption conditions. Adsorption is relatively high between pH 2.2 and 12, with fluctuations at different pH values. A decline in adsorption capacity is noted at highly acidic (pH 1.3) and highly alkaline (pH 13–14) conditions. The trend suggests that pH influences ion speciation and surface charge interactions, affecting adsorption efficiency.
	

Table 2. Data on Effect of pH  on Adsorption of Cobalt(II) ions in Aqueous Solution


	S/N
	pH
	Qe

	1
	1.3
	87.49

	2
	2.2
	106.06

	3
	3
	112.84

	4
	4.3
	102.49

	5
	5.2
	90.35

	6
	6.2
	85.35

	7
	7.3
	92.85

	8
	8.2
	91.06

	9
	9.1
	129.63

	10
	10.2
	115.70

	11
	11
	108.20

	12
	12
	117.06

	13
	13
	80.35

	14
	14
	81.77




Figure 2. Effect of pH  on adsorption of cobalt(II) ions from aqueous solution


The data in Table 2 illustrates the effect of pH on the adsorption capacity of cobalt(II) ions in aqueous solution. The adsorption behavior shows a non-linear trend, with varying values across different pH levels. At highly acidic conditions (pH 1.3), adsorption is relatively low (87.49 mg/g), likely due to competition between H+ ions and cobalt(II) ions for adsorption sites. As the pH increases to 2.2 and 3, the adsorption capacity improves significantly, reaching 106.06 mg/g and 112.84 mg/g, respectively, suggesting reduced competition from H+ ions and increased ion-exchange interactions [7]
A peak in adsorption (129.63 mg/g) is observed at pH 9.1, indicating optimal conditions for cobalt(II) ion removal. This could be attributed to the formation of hydroxylated metal species and enhanced electrostatic attraction between the cobalt(II) ions and the adsorbent. Beyond this point, a decline is observed at extreme alkaline conditions (pH 13–14), with adsorption capacities dropping to 80.35 mg/g and 81.77 mg/g, respectively. The reduction at high pH levels may be due to the precipitation of cobalt hydroxide, reducing the availability of free Co2+ ions for adsorption [6]
Previous studies have reported similar findings regarding the impact of pH on heavy metal adsorption. Ayoob and Gupta, [3] demonstrated that the adsorption of cobalt(II) ions on activated carbon is pH-dependent, with maximum adsorption observed at near-neutral to slightly alkaline conditions. Wang et al., [21] reported that at very low pH, H+ ions compete with metal cations for active adsorption sites, thereby reducing adsorption efficiency. Conversely, Chen and Li, [4] found that at higher pH, cobalt ions tend to precipitate as Co(OH)2​, leading to reduced adsorption due to the removal of free metal ions from solution.
[bookmark: _Toc192157069]
3.3 Effect of Contact Time  on Adsorption of Cobalt(II) ions in Aqueous Solution
The adsorption capacity (qe) of cobalt(II) ions increases with contact time, reaching its maximum value of 146.05 mg/g at 60 minutes. Initially, the adsorption rate is rapid, with significant increases from 5 minutes to 10 minutes, but the rate slows down as equilibrium is approached. After 60 minutes, the adsorption stabilizes, showing only minor fluctuations in adsorptive capacity​ [9]. This trend suggests that cobalt(II) ion removal is most efficient around 60 minutes of contact time. The results are consistent with other studies where adsorption reaches equilibrium after a certain period [10].

















Table 3. Data on effect of contact time  on adsorption of cobalt(II) ions in aqueous solution
	S/N
	Contact time/ minutes
	qe

	1
	5
	99.63

	2
	10
	111.42

	3
	15
	91.42

	4
	20
	87.13

	5
	25
	92.13

	6
	30
	87.13

	7
	35
	88.20

	8
	40
	85.70

	9
	45
	96.06

	10
	50
	91.06

	11
	55
	83.92

	12
	60
	146.05

	13
	80
	120.70




Figure 3. Effect of contact time  on adsorption of cobalt(II) ions from aqueous solution


The data on contact time shows that the adsorption capacity of cobalt(II) ions increases over time, reaching a maximum of 146.05 mg/g at 60 minutes. Initially, the adsorption rate is fast, with adsorptive capacity increasing from 99.63 mg/g at 5 minutes to 111.42 mg/g at 10 minutes [22]. This rapid increase in adsorption can be attributed to the availability of numerous active sites on the adsorbent surface, where cobalt(II) ions are easily bound. After 20 minutes, the rate of increase in adsorption slows down, and by 60 minutes, the process seems to stabilize, with only slight fluctuations in adsorptive capacity​ thereafter. Akinmoladun et al., [2] found that cobalt(II) ion removal from aqueous solutions reached equilibrium after 60 minutes of contact time, with minimal changes  observed thereafter. Similarly, Tan et al., [20] reported that adsorption kinetics typically shows rapid uptake in the first 30 minutes, which slows as equilibrium is approached due to the saturation of available sites [17].
[bookmark: _Toc192157070]
3.4 Effect of Adsorbate Dosage on Adsorption of Cobalt(II) ions from Aqueous Solution
The adsorption capacity increases with the initial concentration of cobalt(II) ions in the solution, with the highest adsorption observed at 250 mg/L (202.68 mg/g). As the initial concentration rises, the driving force for ion transfer to the adsorbent surface becomes stronger, leading to greater adsorption. This shows that higher cobalt(II) concentrations promote more efficient removal. The data suggests that initial concentration plays a crucial role in the adsorption process, with higher concentrations facilitating better adsorption [16].
Table 4. Data on effect of adsorbate dosage on adsorption of cobalt(II) ions from aqueous solution
	S/N
	Initial conc. mg/L
	qe = (amount adsorbed)V/W (mg/g)

	1
	50
	3.67

	2
	100
	56.28

	3
	150
	104.90

	4
	200
	153.83

	5
	250
	202.68




Figure 4. Effect of adsorbate dosage on adsorption of cobalt(II) ions from aqueous solution


For the effect of initial concentration, the data shows that the adsorption capacity increases with increasing initial concentration of cobalt(II) ions in the solution. At an initial concentration of 50 mg/L, the adsorption is low (3.67 mg/g), but as the concentration increases, the adsorption capacity rises dramatically, reaching 202.68 mg/g at 250 mg/L. This behavior is indicative of a concentration-dependent adsorption process, where higher initial concentrations lead to a higher driving force for the transfer of cobalt(II) ions to the adsorbent surface, resulting in greater adsorption [19].
Similar trends have been reported in other studies. Kumar and Sharma [11] observed that increasing the initial concentration of cobalt(II) ions led to a proportional increase in adsorption, as higher concentrations provide more cobalt(II) ions available for binding. Patil et al., [14] also noted that the adsorption of metal ions like cobalt increases with concentration, often following a linear trend before reaching a saturation point.
4.0 Conclusion
The results indicate that the adsorption of cobalt(II) ions is significantly influenced by adsorbent dosage, pH, contact time, and initial concentration. The adsorption capacity increased with contact time, peaking at 60 minutes, and was highest at pH 9.1. Furthermore, the adsorption capacity was found to increase with initial concentration, demonstrating that higher concentrations provide more driving force for the adsorption process. Adsorbent dosage, however, showed an inverse relationship with adsorption capacity, with lower dosages yielding higher adsorption efficiencies. The findings are consistent with previous studies and demonstrate that optimal conditions for cobalt(II) ion removal are achieved by balancing contact time, pH, and initial concentration.
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