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Abstract:

In this work, we propose and assess a hybrid photocatalyst based on waste foundry sand (WFS), a common
industrial by-product, supported by cobalt ferrite (CoFe, 0, ). While CoFe,0, offers photocatalytic activity
driven by visible light, the WFS serves as both an adsorbent and a structural support XRD, SEM, and FTIR
analyses were used to characterize the composite (CoFe,0,/WFS), which was created utilizing an in-situ
co-precipitation approach. By adjusting pH, catalyst dose, contact time, and starting dye concentration,
the photocatalytic degradation of MB under visible light irradiation was examined.
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1. Introduction

The textile, leather, printing, paper, and plastic sectors all make extensive use of synthetic dyes, which are
produced in excess of 800,000 tons annually worldwide. A significant portion finds its way into industrial effluents
untreated, posing serious ecological risks, contaminating groundwater, and reducing sunlight penetration. A
common cationic dye, methylene blue (MB), is not biodegradable, carcinogenic at high concentrations, and
produces harmful byproducts when exposed to sunlight.

Aquatic habitats are seriously threatened by industrial discharge of synthetic dyes, especially Methylene Blue
(MB), because of their high stability, toxicity, and resistance to biodegradation. Conventional adsorption
techniques with inexpensive materials frequently have problems with regeneration and incomplete
mineralization.

Instead of breaking down pollutants, conventional treatment methods (adsorption, coagulation, bacterial or

fungal degradation, membrane filtration) frequently move them to another phase. Complete mineralization of
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organic contaminants is a benefit of Advanced Oxidation Processes (AOPs), especially visible-light-driven
photocatalysis.

When compared to individual components, the composite's synergistic adsorption-photocatalysis action resulted
in noticeably greater MB elimination. According to mechanistic research, superoxide and hydroxyl radicals are
primarily responsible for MB breakdown. The WFS-CoFe,03 composite exhibits outstanding structural stability
and is magnetically recoverable and reusable. The findings imply that this inexpensive photocatalyst made from
garbage presents a viable method for treating wastewater in a sustainable manner.

1.1. Cobalt ferrite as a photocatalyst

Cobalt ferrite (CoFe,04) is a spinel ferrite semiconductor with:

e Narrow bandgap (~1.8-2.2 ev),

High thermal and chemical stability,

Magnetic recoverability,

High absorption in the visible region,

Robust generation of reactive oxygen species (ROS).

Although CoFe,03 nanoparticles are effective photocatalysts, they tend to aggregate, reducing active surface
area.

1.2. Waste Foundry Sand (WFS) as a support material

WEFS is an industrial waste containing mainly quartz, silica, clay, and minor metal oxides. It is:

Abundant and low-cost,

Thermally stable,

e Moderately porous,

Suitable for adsorption of dyes and metals.
2. Materials and Methods
2.1. Materials
e  Waste foundry sand (collected from local foundry industry).
e Cobalt nitrate hexahydrate [Co(NO3),-6H,0].
e Ferric nitrate nonahydrate [Fe(NO3)3-9H,0].
e  Sodium hydroxide (NaOH).
e  Methylene Blue (analytical grade).
2.2. Pre-treatment of waste foundry sand
WEFS were frequently cleaned with deionized water to get rid of organics, dust, and clay lumps. After that, dry for
12 hours at 105°C. Lastly, to improve porosity and eliminate any remaining organics, it was calcined for three
hours at 600°C.
2.3. Synthesis of CoFe; 0+ nanoparticles
CoFe,0, composite were synthesized via co-precipitation:
In water, stoichiometric precursors (Co?*: Fe3* = 1:2) were dissolved. Then, drop by drop, NaOH (2 M) was
added to keep the pH at 11. Two hours were spent heating the mixture to 80°C. The black precipitate that

resulted was cleaned, dried, and then calcined at 500°C.
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2.4. Fabrication of CoFe; 01/ WFS composite

e Pre-treated WFS was dispersed in water and ultrasonicated.

e Co?*/Fe®* precursors were introduced into the WFS suspension.

e NaOH was added to precipitate CoFe,0, directly onto the WFS surface.

e Composite was washed and dried at 100°C.

e Mild calcination at 300°C ensured nanoparticle binding.
3. Results and Discussion
3.1. XRD analysis
Figure 1 displays the cobalt ferrite CoFe204/WFS XRD patterns. A single-phase spinel structure with a little
fraction of a-Fe203 included all of the peaks. The XRD pattern was analyzed using X-Powder Software, and
crystalline phases were found. The spectrum of cobalt ferrites (CoFe204)-WFS composites revealed peaks at 20
(23.48,30.12,35.46, 36.74, 43.07, 53.49, 56.81, 63.03), which demonstrate the ferrite's spinel cubic structure.
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Figure 1: XRD spectrum of CoFe,0,/WFS

3.2. SEM analysis

e  WFS showed irregular sand grains with smooth texture.

o (CoFe,0,4 appeared as dark clusters on WFS surfaces.
Nanoparticles formed a uniform coating, increasing available surface sites.
3.3. FTIR spectra
Figure 3 displays the cobalt ferrite FTIR spectrum. Co-O vibrations when Co ions were in a tetrahedral position
were identified as the cause of the frequency band at 787.72 cm-1 in the cobalt ferrite/WFS FTIR spectra. The
band at 906.97 cm-1 is associated with water hydration by CoOOH. The CoFe204 system was characterized by
the band at 1058.46 cm-1 and 1196.95 cm-1, which was caused by residual Fe-OOH. Si-O-Si stretching at about
1080 cm™* (WFS). Typical spinel ferrite bands at 580-430 cm™ include Co-0 and Fe-0.The contact between the

ferrite nanoparticles and the WFS surface was evidenced by a decrease in the strength of the Si—OH signal.
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Figure 2: SEM image of CoFe,0,/WFS
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Figure 3: FTIR spectra of CoFe,0,/WFS
3.4. Photocatalytic degradation of MB
3.4.1. Preparation of MB solution
e  Stock solution: 1000 mg/L MB.

e  Working concentrations: 5-25 mg/L.
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3.4.2. Photocatalytic experiment

e 100 mL of MB solution placed in a quartz reactor.

e Catalystdose varied from 0.1-0.5 g/L.

e Stirred in the dark for 30 min to establish adsorption equilibrium.
e Exposed to visible light (LED /halogen lamp ~150 W).
e Samples withdrawn at intervals, centrifuged, and analyzed at 663 nm.

3.4.1. Optimization of different variables affecting degradation of MB dye

3.4.2. Effect of pH

In 100 mL of 10 mg/L of the starting concentration of MB dye and a dose of 0.5 g under visible light for 120
minutes, the impact of pH on methylene blue dye photocatalytic degradation was examined in the pH range of 3-
11. The pH of the MB solution was changed using either 0.1 M HCI or 0.1 M NaOH. Additionally, the pH of the MB

dye solution was measured both prior to and following the photocatalytic degradation process. Figure 5 shows
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Figure 4: Absorbance spectra of Co-Fe204/WFS Composite

that photocatalytic degradation was greatest at alkaline pH and least in acidic medium.
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Figure 5: pH effect of CoFe,0,/WFS on MB dye

138



Journal of Science Research International ISSN: 2456-6365

3.4.3. Effect of dose of catalyst

In this study Composite dosages ranged from 0.05 g to 0.4 g in order to assess the catalyst's role. In beakers with
100 mL of MB dye at a pH of 11 and a concentration of 10 mg/L, various concentrations of catalysts were added.
A magnetic stirrer operating at 400 rpm was used to agitate the sample while it was in the photoreactor for 120
minutes. For different catalyst doses, a plot showing the percentage of methylene blue dye degradation vs time
was created. It is evident from Figure 6 that the maximum deterioration occurred at a catalyst level of 0.3 g. The

photocatalytic degradation of dye decreased as the catalyst dose was increased further.
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Figure 6: Mass dose effect of CoFe,0,/WFS on MB dye
3.4.4. Effect of initial concentration of MB dye solution
Using a fixed photocatalyst dose of 0.3 g at different beginning concentrations of MB dye ranging from 5 mg/L to
20 mg/L from a stock solution of 100 mg/L with pH 9 under visible light for 120 minutes, the impact of the initial
concentration on the photodegradation process was investigated. The graph was then plotted as the percentage

of degradation against time. As concentration rises, dye removal falls.
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Figure 7: Initial Concentration of MB Dye Solution
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3.4.5 Catalyst reusability

e Composite reused for 4 cycles with <10% efficiency drop.
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Figure 8: Recyclability Graph of CoFe,0,/WFS

Conclusion

The effective synthesis of a new Co-Fe,0,/WFS composite showed good photocatalytic efficiency toward the

degradation of Methylene Blue under visible light. Important conclusions:

o Effective cooperation between photocatalysis (CoFe,0,) and adsorption (WFS)
e Reusable for up to many cycles and magnetically recoverable
e Economical, eco-friendly, and appropriate for industrial use.
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