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2. Experimental

2.2 Chemicals

All chemicals used in this study were analytical grade and used without any further 
purification methods. Ferrous sulphate (FeSO4. 4H2O SRL, India), Activated carbon (Merck, 
India), diluted HCl acid (Merck 35 %), Aqueous ammonium hydroxide (Aq.NH3, 25 % Merck), 
Ferric chloride (FeCl3 6H2O), Methylene blue (SRL, India), Iron (III) oxide (Fe2O3, SRL), and 
hydrogen peroxide (H2O2, 30% SRL, India).

2.3 Synthesis of magnetic Fe3O4 particles 

The required amount of 0.01 M FeSO4.4H2O and 0.02 M FeCl3.6H2O was dissolved in a 
200 mL of degassed distilled water under constant stirring. 1 Aqueous ammonium hydroxide 
(NH4OH) solution was added drop by drop to raise the pH of the solution to 8.0. At this pH, 
the solution turned from brown to black. Subsequently, the black particles were quickly 
washed three times with distilled water and dried at 100 °C in the air environment. 

2.4 Synthesis of Fe3O4 particle on activated carbon (8 % and 25 % Fe3O4@AC)

The 8 and 25% of Fe3O4 was loaded on commercially available activated carbon by 
precipitation method.2 Initially, the calculated amount of activated carbon (0.46, 0.38 and 
0.25 g was used to achieve 8, 25, and 50 Wt.% Fe3O4@AC catalysts) was dispersed on distilled 
water by a mechanical stirring method. Then, the required amount of FeSO4 (0.048, 0.15 and 
0.3 g was used to prepare for 8, 25, and 50 Wt.% Fe3O4@AC catalysts) in HCl acid was added 
in the solution and the stirring was continued for another two hours in the nitrogen 
environment. Aqueous ammonium hydroxide (NH4OH) solution was added drop by drop to 
raise the final pH of the solution to 8.0. At this pH, the solution was turned from brown to 
black. Subsequently, the black particles were quickly washed three times with distilled water 
and dried at 100 °C in the air environment. The synthesised materials are exhibited well 
magnetic property. The advantage of using a magnetic particle as a catalyst in this study can 
easily separable from the reaction mixture with the help of a simple external permeant 
magnet at the end of the reaction (Fig. S1).

Fig. S1: Effect of external magnetic field on magnetic Fe3O4@AC particles



2.5 Characterization of the catalysts

The synthesized catalyst phase formation was verified using the PANalytical Xpert 
instrument, and the analysis was carried out at room temperature using Cu K- radiation in 
the two-theta range of 10° to 80 °. The full-width half-maximum (FWHM) of each diffraction 
plane was obtained from the origin 9.0 software by using the Gaussian equation. The amount 
of iron present in the reaction mixture and the catalysts were determined by ICP-OES analysis 
(Perkin-Elmer OPTIMA 3000).  The surface morphology and the location of iron oxide on the 
activated carbon catalysts were viewed by using scanning electron microscopy. Initially, the 
sample was placed on the stub and then coated with gold particles for 2 min using ion sputter 
coater and viewed on the HITACHI ESEM instrument. The FT-Raman spectra were recorded 
on a Thermo Fischer DXR, USA instrument equipped with He-Ne Laser with the excitation 
wavelength of 532 nm.



Fig. S2: Calibration curve for MB obtained from smart phone colour analyser application.
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Fig. S3 HPLC Chromatogram of third and fourth cycle of adsorption/Fenton’s process sample

Third cycle 
(initial spike Conc. 4.5 x 10-4 M)

Third cycle
(after adsorption)

Fourth cycle 
(initial spike Conc. 4.1 x 10-4 M)

After Fenton’s oxidation process

Fourth cycle
(after adsorption)

Column: Aminex H column (Bio Rad)
Mobile phase: HPLC water
Flow: 1.0 mL/min
Detector: UV 300 nm
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Fig. S4 Nelson-Riley (NR) plot of supported and non-supported catalysts
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