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Abstract: 

A magnetic nanocomposite of nickel ferrite (NiFe₂O₄) based on Waste Foundry Sand (WFS) was created 

in order to effectively adsorb Methylene Blue (MB) dye from aqueous solutions. Because WFS is a 

substantial industrial waste with significant percentages of SiO2, Al2O3, and Fe2O3, it was utilized as a 

sustainable substrate. A straightforward co-precipitation technique was used to create the NiFe₂O₄@WFS 

composite, which was then examined using XRD, FTIR, and SEM-EDX. Adsorption experiments were used 

to demonstrate MB removal. 
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1. Introduction 

The distribution of unprocessed textile waste containing Methylene Blue (MB) presents a significant 

environmental risk due to its toxicity and limited biodegradability [1,2]. Due to its high effectiveness and low cost, 

adsorption is a suggested cleanup technique [3,4]. This study explores a "waste-to-wealth" strategy using Waste 

Foundry Sand (WFS) as the basis for magnetic NiFe₂O₄ composites.This composite not only overcomes the WFS 

disposal problems but also provides a magnetically recoverable adsorbent for water treatment [5,6]. 

2. Materials and Methods 

2.1. Preparation of Waste Foundry Sand (WFS) 

WFS was collected from a local foundry and subjected to thorough washing with deionized water to remove 

soluble impurities, followed by drying at 105 °C for 24 h.  

2.2. Synthesis of NiFe₂O₄@WFS composite  

The composite was prepared using a modified co-precipitation  

i. Solution preparation: Stoichiometric amounts of NiNO3.6H2O and FeCl3.6H2O (molar ratio 1:2) were 

dissolved in deionized water. 
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ii. Impregnation: A known mass of treated WFS was added to the precursor solution and stirred vigorously 

to ensure uniform dispersion [7]. 

iii. Precipitation: 2 M NaOH or ammonia solution was added dropwise until the pH reached ~11 to facilitate 

the formation of the spinel ferrite phase. 

iv. Thermal treatment: The resulting solid was filtered, washed multiple times, and calcined (e.g., at 500–

600 °C) to stabilize the magnetic NiFe₂O₄ crystals on the sand matrix [8].  

3. Characterization 

3.1 X-Ray Diffraction (XRD) 

The cubic spinel structure of NiFe₂O₄/WFS was confirmed by analysis, with distinctive peaks at approximately 25, 

28, 38, 57, 62, and 64 together with the quartz phase from the WFS substrate [9.10]. 

 

Figure 1: XRD Spectrum of Ni-Fe2O4/WFS 

3.2 FTIR spectroscopy 

 

Figure 2: FTIR Spectra of Ni-Fe2O4/WFS 
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The Fe–O stretching vibration in the tetrahedral sites of the spinel structure was identified by the spectra, which 

showed a peak around 580 cm⁻¹. Important auto peaks at various wavelengths, such as 465, 580, 690, 794, 1023, 

1378, 1462, 1629, 1743, 2314, 2855, 2924, 3417 cm−1, are visible in the spectra, exhibiting spectrum 

characteristics of Ni-Fe2O4/WFS [11,12]. 

3.3 Raman analysis 

In NiFe2O4/WFS (Nickel Ferrite/Waste Foundry Sand) composites, Raman analysis usually detects the structural 

contributions from the WFS support and verifies the emergence of the spinel ferrite phase. The synthetic 

composite has significant peaks at 155, 325, 680, and 1313 cm-1. The symmetric stretching of oxygen atoms in 

relation to metal ions (Fe-O and Ni-O) is responsible for the strongest peak, which is located between 680 and 705. 

caused by the asymmetric bending of Fe/Ni (~330 cm⁻¹) and oxygen. (~200–210 cm⁻¹) is the source of the 

symmetric bending of oxygen atoms with respect to the metal ion [13]. 

 

Figure 3: Raman Spectra of Ni-Fe2O4/WFS 

4. Adsorption studies 

4.1. Batch adsorption experiments 

By performing batch sorption tests in a 250 mL flask with 100 mL of MB solution and shaking at 150 rpm, the 

study investigated the effectiveness of MB dye removal. The goal was to identify the ideal ranges for several 

sorption parameters, including the starting dye concentration (5–50 mg/L), adsorbent dose (0.1–0.3 g/100 mL), 

pH (8), working solution temperature (25–35 °C), and adsorption duration (0–120 min). To confirm the results, 

the average triplicate runs and the other parameters were held constant while one parameter was examined at a 

time. Following each run, the spent adsorbent was separated using centrifugation, and the concentration of the 

solute in the supernatant was determined using the following equations at the UV–VIS spectrophotometer's λmax 

of 663 nm [1] and [2].  

%Removal = Co − Ce Co ∗ (100) ……………….(1) 

qe = (Co − Ce) m ∗ V…………………………………(2) 
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Figure 4: Adsorption of MB dye on Ni-Fe2O4/WFS composite with time 

4.2. Effect of pH 

The pH of the solution is essential since it regulates both the dye's ionization and the adsorbent's surface charge. 

For the cationic dye Methylene Blue, adsorption usually increases as pH increases from acidic to basic. At low pH, 

high concentrations of (H+) ions compete with the dye molecules for accessible adsorption sites, and the positively 

charged surface repels the cationic dye, which lowers removal rates. 

 

Figure 5: Effect of pH MB dye adsorption on Ni-Fe2O4/WFS composite 

4.3 Effect of initial dye concentration  

The initial concentration of the dye provides the driving force to overcome mass transfer resistance between the 

aqueous and solid phases. While the total amount adsorbed (%) goes up, the overall percentage of dye removed 

usually decreases at very high concentrations. This is because the available active sites on the adsorbent surface 

become saturated, leaving more dye in the solution. 
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Figure 6: Effect of initial concentration MB dye adsorption on Ni-Fe2O4/WFS composite 

4.4 Recycle study 

The recyclability of NiFe2O4/WFS (Nickel Ferrite/Waste Foundry Sand) composites for Methylene Blue 

(MB) adsorption is primarily driven by the material's magnetic properties and surface stability, which allow for 

efficient recovery and multiple reuse cycles. Many NiFe composites maintain near 90-80 % removal 

efficiency even after 4 to 5 successive cycles. 

 

Figure 7: Recyclability Ni-Fe2O4/WFS composite of MB dye adsorption 
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Conclusion 

The NiFe₂O₄-supported WFS composite acts as an effective, sustainable, and magnetically separable adsorbent for 

Methylene Blue. The integration of industrial waste (WFS) with magnetic nanoparticles not only enhances the 

surface area but also facilitates easy post-treatment recovery.  
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