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ABSTRACT 
In this study, magnetic biochars (MgSB450 and MgSB500) were applied for the adsorption of Cr³ ions 
from aqueous solutions. FTIR analysis (PerkinElmer, USA) confirmed the presence of surface 
functional groups, including amine, hydroxyl (O-H), C=C, C-N, and C-H stretching of aliphatic 
groups. Adsorption experiments were conducted to evaluate the effects of contact time, pH, 
temperature, ionic strength, and initial metal ion concentration. Optimum adsorption was observed at 
pH 7, with removal efficiencies of 99.481 % and 99.404 % for MgSB450 and MgSB500, respectively. At 
an initial metal ion concentration of 80 mg/L, maximum adsorption of up to 99.98 %  and 99.96 % for 
MgSB450 and MgSB500, respectively was obtained. It was noticed that as the temperature increases, 
the adsorption capacity decreases, and optimum adsorption (99.928 and 99.968 %) was observed at 30 
°C for both MgSB450 and MgSB500. The results showed that as time increases, the removal efficiency 
of chromium ions increases for the first 30 min., and then gradually decrease with an increase in time 
for MgSB450. It reached a maximum adsorption of 99.848 %, while MgSB500 reached equilibrium at 
50 mins., with an adsorption capacity of 98.208 %. From the results, it was observed that, the ionic 
strength increases, the adsorption capacity decreases, with maximum adsorption values of 95.772 % 
and 96.888 % for both adsorbents at a 0.4 % NaCl concentration. The sorption capacities of MgSB450 
and MgSB500 were comparable, demonstrating strong potential for adsorbing chromium ions from 
aqueous solutions and their applicability in industrial wastewater treatment. 
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Highlights of this paper 
• Magnetic biochars (MgSB450 and MgSB500) were produced from waste biomass (Sawdust) 

for the adsorption of chromium ions. 

• FTIR analysis (PerkinElmer, USA) confirmed the presence of surface functional groups, 
including amine, hydroxyl (O–H), C=C, C–N, and C–H stretching of aliphatic groups. 

• The adsorption parameters, such as the effect of pH, contact time, temperature, ionic strength, 
and initial metal ion concentration for chromium ion adsorption, were determined, and the 
optimum removal efficiency of chromium up to 99.976% for MgSB450 and 99.908% for 
MgSB500 was obtained. 

 

1. INTRODUCTION 

The availability of safe and clean water is a fundamental requirement worldwide (Ruogu et al., 2025). One of 

the primary contributors to water pollution is the uncontrolled release of heavy metals from activities such as 

mining, battery manufacturing, and metal plating, as well as hazardous effluents containing organic matter and 

dyes from industries like textiles (Li et al., 2020; Ruogu et al., 2025; Zhao et al., 2025; Zhao et al., 2021). Heavy 

metals are naturally occurring elements in all ecosystems; nevertheless, excessive concentrations caused by human 

activity pose major environmental and health hazards (Wenzhe Gao et al., 2025; Ghodszad et al., 2021; Gong et al., 

2024; Kayoumu et al., 2025; Kolton et al., 2011; Li et al., 2021; Liu et al., 2020; Xu et al., 2022). Heavy metals, even 

at minimal levels, are extremely harmful to aquatic ecosystems and humans due to their persistence, non-

biodegradability, and tendency to bio-accumulate (Tianbao et al., 2025; Zahra et al., 2022). Rapid industrialization 

and urbanization have greatly increased heavy metal contamination due to the indiscriminate discharge of untreated 

industrial effluents (Eno-obong Nicholas et al., 2025; Khalil et al., 2012; Zhao et al., 2025). Mining, smelting, fossil 

fuel burning, waste incineration and industrial operations such as electroplating, metallurgy, and chemical 

manufacture are also major contributors (Feng et al., 2021; Kalsoom et al., 2024). Heavy metals such as Cr, Pb, Ni, 

Cd, As, Hg, and Cu disturb food systems and have been linked to neurological abnormalities, carcinogenic effects, 

and other chronic health concerns (Azadi & Raiesi, 2021; Fang et al., 2021; Weichun Gao et al., 2023; Hamid et al., 

2020; Zhao et al., 2025). 

Chromium is widely utilized in the leather tanning, electroplating, and dyeing sectors, and improper disposal 

causes significant environmental risks (Abbas et al., 2018; Naz et al., 2016; Zhang et al., 2015). It is mostly found as 

trivalent [Cr(III)] and hexavalent [Cr(VI)] species, both of which are highly soluble and bioavailable, with Cr(VI) 

being particularly hazardous and carcinogenic (Hamid et al., 2020; Qi et al., 2015;  Zhang et al., 2015). As a result, 

removing chromium from wastewater has become a major environmental concern. Several treatment methods for 

heavy metal removal have been developed, including chemical precipitation, membrane processes, ion exchange, and 

electrochemical procedures (Zhang et al., 2019). Adsorption is particularly popular due to its operational simplicity, 

high efficiency, and cost-effectiveness. The objectives of this study were to evaluate the effects of contact time, 

temperature, ionic strength, initial metal ion concentration, and pH on the adsorption process using an adsorption 

experiment. Biochar made from biomass wastes like sawdust has recently acquired popularity as a low-cost and 

ecological adsorbent. Biochar can be chemically treated to improve surface functioning and metal binding capacity 

(Kaur et al., 2026; Ruogu et al., 2025). Magnetic biochar, in particular, generated by adding iron oxides during 

pyrolysis, has excellent adsorption capacity and is easier to recover after treatment, making it a potential material 

for removing chromium and other heavy metals from contaminated wastewater. 
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2. MATERIALS AND METHODS 

2.1. Materials 

Sample containers and apparatus used in this study were decontaminated with 10% HNO3 solution, which was 

properly rinsed with distilled water many times immediately before usage, which was in line with the standard 

methods (Association of Official Analytical Chemists (AOAC), 1998). Reagents used in this research work were 

bought from commercial suppliers (Sigma Aldrich, USA) unless otherwise stated. Standard approved procedures 

were used to carry out the analyses to ensure the reliability and accuracy of the results according to the standard 

methods (Association of Official Analytical Chemists (AOAC), 1998). 

 

2.2. Collection and Preparation of Biochar 

Sawdust was collected from Wood Processing Sawmill Market in Wukari, Taraba State, Nigeria. The collected 

sample was washed, dried, pulverized, and later sieved using a mesh with a size of 2 mm to obtain a fine sawdust 

particle, which was then pyrolyzed at 450 oC and 500 oC to obtain biochar. The biochar obtained was designated 

with sample codes as SB450 and SB500, respectively as shown in Table 1. 

 

2.3. Preparation and Modification of Magnetic Biochar 

Magnetic biochar was produced following the method described by Liu et al., (2024). After modification, 

Sawdust was pyrolyzed at two different temperatures (450 oC and 500 oC) to produce biochar. The biochar produced 

was washed, ground, and sieved. To modify the biochar, a solution was prepared by mixing 10 g of biochar, 1.05 g 

of FeSO4.7H2O and 1.05 g of FeCl3·6H2O into 50 ml of distilled water. In addition, 1.5M NaOH was mixed in 50 ml 

of distilled water. The solutions were mixed and stirred for 30 min. After that, the solution was put on the heater at 

80 °C and stirred with a magnetic stirrer for 2 h. Then, it was pyrolyzed in a muffle furnace at 400 °C for 1 h. 

Finally, the magnetic biochar produced was washed several times with distilled water and was designated as 

MgSB450 and MgSB500, respectively. 

 

2.3.1.  Sample Codes, Names and Sources of the Sample   

Samples used in this study for analysis was Magnetic Sawdust biochar which were pyrolyzed at 450 oC and 500 oC, 

respectively and were given sample codes as MgSB450 and MgSB500 as shown in Table 1.  

 

Table 1. Sample codes, names with its sources. 

S/N Sample Code Names and Sources of the Sample 
1. SB450 Sawdust  biochar pyrolyzed at 450 oC 

2. SB500 Sawdust  biochar pyrolyzed at 500 oC 
3. MgSB450 Magnetic  Sawdust  biochar pyrolyzed at 450 oC 

4. MgSB500 Magnetic Sawdust biochar pyrolyzed at 500 oC 

 

2.4. The Fourier Transform Infrared Analysis (FTIR) on the Adsorbent 

The surface functional groups of the synthesized magnetic biochar were characterized using Fourier transform 

infrared (FTIR) spectroscopy (PerkinElmer, USA). Prior to analysis, the magnetic biochar samples were 

thoroughly blended with infrared-grade potassium bromide (KBr, Sigma-Aldrich), previously dried at 110 °C for 24 

h, in a mass ratio of 1mg sample to 10 mg KBr. The mixture was finely ground in an agate mortar to achieve 

uniform dispersion and subsequently compressed into transparent pellets. The FTIR spectra of 64 scans were 

recorded in the wavenumber range 4000 - 450 cm-1 with 4 cm-1 resolution. 
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2.5. Determination of Different Experimental Parameters on Adsorption Capacity 

2.5.1. Effects of the Contact Time on Sorption Capacity  

Sorption kinetics was evaluated by monitoring changes in metal ion uptake as a function of initial concentration 

over varying contact times. A fixed mass of magnetic biochar (0.1g) was contacted with 50 mL of chromium (III) 

[Cr³+] solution and agitated continuously in a mechanical shaker for contact times ranging from 10 to 60 min. At 

predetermined intervals, the suspensions were withdrawn and filtered, and the residual metal ion concentration in 

the filtrate was quantified using a Spectra 220 Atomic Absorption Spectroscopy (AAS) (Ademoroti, 1996). The 

extent of metal uptake was evaluated based on the remaining Cr³⁺ concentration in solution determined 

(Osemeahon et al., 2016). 

 

2.5.2. Effect of pH  

The sorption capacity of magnetic biochar was investigated at different pH values (2, 5, 7, 8, and 12). 0.1M 

hydrochloric acid and 0.1M Sodium hydroxide were used to adjust the pH of the solution as needed. The residual 

metal ion was measured determined (Chamarthy et al., 2016). 

 

2.5.3. Effect of Temperature on Sorption Capacity  

The effect of temperature on the sorption capacity of the magnetic biochar was investigated. A dried sample 

(0.1g) was shaken with 50 mL of the metal ion solution. The synthetic wastewater was filtered and analyzed for 

residual metal ion concentration. This process was repeated at different temperatures, 30, 40, 50, 60, and 70 °C. 

 

2.5.4. Effect of Ionic Strength on Sorption Capacity 

The effect of ionic strength on sorption capacity was investigated using sodium chloride (NaCl) solutions at 

concentrations ranging from 0.1 to 2.0% (w/w). The adsorbent (0.2 g) was added to 50 cm³ of each NaCl solution, 

and after equilibration, the residual metal ion concentration was evaluated. 

 

2.5.5. Effect of Initial Ion Concentration 

The effect of initial metal ion concentration on sorption capacity was investigated at 30 °C. A fixed dose of 

magnetic biochar (0.1g) was equilibrated with 50 mL of synthetic wastewater containing varying metal ion 

concentrations (20-100 mg L-¹) under continuous shaking. After equilibrium was attained, the suspensions were 

filtered, and the residual metal ion concentrations were determined (Osemeahon et al., 2016). 

 

3. RESULTS AND DISCUSSION  

 The results obtained in this study for the effect of pH on adsorption capacity, initial metal ion concentration, 

temperature, ionic strength on sorption of metal ions and contact time on sorption capacity are shown in Tables 2-6 

and Figures 1-5 while those of FTIR spectra for MgSB450 and MgSB500 are shown in Figures 6 and 7. 
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Table 2. Effect of pH on adsorption capacity. 

S/N Samples pH Values Metal Residue (%) Removal Efficiency (%) 
1. MgSB450 2 20.596 79.404 
2. MgSB450 5 1.072 98.928 
3. MgSB450 7 0.520 99.480 
4. MgSB450 8 9.260 90.740 
5. MgSB450 12 0.624 99.376 
6. MgSB500 2 14.532 85.468 
7. MgSB500 5 5.176 94.824 
8. MgSB500 7 0.096 99.404 
9. MgSB500 8 4.812 95.188 
10. MgSB500 12 0.776 99.224 

 

Table 3. Effect of initial metal ion concentration. 

S/N Samples Concentration (mg/L) Metal Residue (%) Removal Efficiency (%) 

1. MgSB450 20 0.428 99.540 
2. MgSB450 40 0.012 99.572 
3. MgSB450 60 0.460 99.6448 
4. MgSB450 80 0.356 99.988 
5. MgSB450 100 0.296 99.704 
6. MgSB500 20 0.636 99.364 
7. MgSB500 40 0.032 99.648 
8. MgSB500 60 0.306 99.692 
9. MgSB500 80 0.204 99.968 
10. MgSB500 100 0.352 99.790 

 

Table 4. Effect of Temperature. 

S/N Samples Temperature (oC) Metal Residue (%) Removal Efficiency (%) 
1. MgSB450 30 0.360 99.928 
2. MgSB450 40 0.108 99.892 

3. MgSB450 50 0.072 99.740 
4. MgSB450 60 0.260 99.640 
5. MgSB450 70 1.540 98.460 
6. MgSB500 30 0.368 99.968 
7. MgSB500 40 0.032 99.768 
8. MgSB500 50 0.260 99.740 
9. MgSB500 60 0.608 99.632 
10. MgSB500 70 0.232 99.392 

 

Table 5. Effect of ionic strength on sorption of metal ions. 

S/N Samples Concentration (%) Metal Residue (%) Removal Efficiency (%) 

1. MgSB450 0.4 0.228 99.772 
2. MgSB450 0.8 0.092 99.908 
3. MgSB450 1.2 0.024 99.976 

4. MgSB450 1.6 0.096 99.904 
5. MgSB450 2.0 0.140 99.860 
6. MgSB500 0.4 0.112 99.888 
7. MgSB500 0.8 0.068 99.932 
8. MgSB500 1.2 0.092 99.908 
9. MgSB500 1.6 0.152 99.848 
10. MgSB500 2.0 0.264 99.736 
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Table 6. Effect of contact time on sorption capacity. 

S/N Samples Time (min) Metal Residue (%) Removal Efficiency (%) 
1. MgSB450 10 1.688 98.312 
2. MgSB450 20 1.436 98.564 
3. MgSB450 30 0.152 99.848 
4. MgSB450 40 0.444 99.556 
5. MgSB450 50 0.728 99.272 
6. MgSB500 60 2.540 97.460 
7. MgSB500 10 7.832 90.380 
8. MgSB500 20 9.620 92.168 
9. MgSB500 30 3.724 95.572 
10. MgSB500 40 4.028 95.972 

 

3.1. Effect of pH on Adsorption Capacity 

Table 2 and Figure 1 represents the pH effect on the adsorption of Cr3+. The pH value had a significant effect 

on the adsorption of metal, as it influences the electrostatic binding of ions. In the present study, this pH effect was 

carried out over the pH values 2, 5, 7, 8, and 12 at an initial concentration (25mg/L) of chromium. The removal 

efficiency of metals was maximum at pH 7 for both MgSB450°C and MgSB500°C, respectively. The metal uptake 

was observed to be 79.40 %, 98.92 %, 99.48 %, 90.74 %, and 99.38 % for MgSB450 °C and 85.47 %, 94.82 %, 99.40%, 

95.19 % and 99.22 % for MgSB500 °C. It increased up to 99.48 % for MgSB450 °C and 99.40 % for MgSB500 °C at 

pH 7. At pH 2 the removal efficiency of both MgSB450 °C and MgSB500 °C was slightly lower (79.40 % for 

MgSB450 °C, 85.47% for MgSB500 °C). This trend could be due to protonation of active sites at low pH, protons 

and metal ions compete for the adsorption sites, and tend to decrease the sorption capacity. Adsorption also depends 

on the solubility of the adsorbate. Sorption increases with decreasing solubility and in most cases decreases with 

increasing pH.  Adsorption increased with increasing pH (Shraddha & Singh, 2017), further increase in pH resulted 

in low solubility of Chromium, which may precipitate and not get adsorbed on the adsorbent surface. 

 

 
Figure 1. Effect of pH on adsorption of chromium ion. 

 

3.2. Effect of Initial Metal Ion Concentration 

As illustrated in Table 3 and Figure 2 above, the adsorption of Cr³⁺ ions was investigated over a range of initial 

concentrations (20-100 mg L-¹). The initial metal ion concentration serves as a key driving force for mass transfer 

between the aqueous phase and the adsorbent surface (Kailas & Wasewar, 2010). An increase in the initial 
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chromium concentration resulted in a corresponding rise in the amount of Cr³⁺ adsorbed, reflecting enhanced 

interaction between the metal ions and available surface sites. The adsorption rate and removal efficiency increased 

with concentration, reaching an optimum at 80 mg L-¹ for both MgSB450 and MgSB500. This behaviour can be 

attributed to the higher availability of Cr³⁺ions at the adsorbent interface. However, beyond this optimum 

concentration, a decline in removal efficiency was observed, likely due to saturation of active adsorption sites on the 

magnetic biochar surface. 

 

 
Figure 2. Effect of initial metal ion concentration on metal adsorption. 

 

3.3. Effect of Temperature 

Table 4 and Figure 3 above illustrate the effect of temperature on chromium ion removal. Adsorption 

experiments were conducted over a temperature range of 30-70 °C to evaluate the thermal influence on chromium 

uptake from aqueous solution. The results indicate that chromium removal efficiency decreased with increasing 

temperature, with maximum adsorption observed at 30 °C for both MgSB450 and MgSB500. The decline in 

removal efficiency at elevated temperatures may be attributed to structural changes in the adsorbent, such as 

reduced porosity and fewer available active sites, as well as enhanced desorption of chromium ions from the 

adsorbent surface at higher temperatures. 

 

 
Figure 3. Effect of temperature (oC) on adsorption capacity. 
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3.4. Effect of Ionic Strength on Sorption of Metal Ions 

Table 5 and Figure 4 above depict the effects of ionic strength on metal ion sorption. Dissolved salts are 

frequently found in natural waters and industrial effluents, and they might compete with target metal ions for 

accessible sorption sites on the adsorbent surface. Increased ionic strength lowers the activity of metal ions in 

solution by promoting non-ideal behaviour caused by increased electrostatic interactions and ion-pair formation. 

Because metal ion absorption is determined by its effective activity in solution, decreased activity leads to decreased 

adsorption onto the sorbent. As a result, as ionic strength increases, chromium ion sorption decreases due to 

increased competition between sodium and chromium ions for active binding sites on the adsorbent. The optimum 

adsorption capacity (95.772 % and 96.888 %) was observed at 0.4 % of NaCl for MgSB450 and MgSB500, 

respectively. 

 

 
Figure 4. Effect of ionic strength on adsorption capacity. 

 

3.5. Effect of Contact Time on Sorption Capacity 

The results depicted in Table 6 and Figure 5 above indicate that Cr³⁺adsorption onto the magnetic biochar was 
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efficient metal ion attachment. As the process progressed, the adsorption rate decreased, likely due to the 

progressive saturation of active sites on the adsorbent (Aishatu & Barminas, 2015). This behaviour reflects the 

typical sorption kinetics where initial uptake is dominated by surface interactions, while the later stages are 

controlled by the availability of residual binding sites. 
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Figure 5. Effect of contact time on adsorption capacity. 

 

 
Figure 6.  FTIR spectra for MgSB450. 

 

 
Figure 7. FTIR spectra for MgSB500. 
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groups, while bands at 3339.7 cm-¹ and 3295 cm-¹ indicate O–H stretching of alcohol groups for MgSB450 and 

MgSB500, respectively. The C–H stretching of aliphatic groups is observed at 2814.1 cm-¹ and 2374.3 cm-¹, and 

C=C stretching at 2113.4 cm-¹ and 2109.7 cm-¹ suggests the presence of alkenes. Peaks at 1561.8 cm-¹ and 1581.8 

cm-¹ are attributed to C–N stretching of amide (II) groups, while the bands at 1375.4 cm-¹ correspond to aromatic 

amines in both samples. The presence of these functional groups, particularly amine and hydroxyl groups, enhances 

the adsorption capacity of the magnetic biochar, as reflected in their high metal removal efficiency. 

 

4. CONCLUSION 

The synthesized magnetic biochar exhibited a highly porous structure and surface functional groups that 

promoted efficient metal-ion sorption. Adsorption experiments demonstrated excellent performance, with 

maximum removal efficiencies of 99.98 % and 99.96 % achieved at an initial Cr³⁺concentration of 80 mg L-¹ for 

MgSB450 and MgSB500, respectively. These results indicate that the prepared magnetic biochar is highly effective 

for chromium removal from aqueous solutions and holds significant potential for application in the treatment of 

industrial effluents. 
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