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ABSTRACT 

Cobalt–doped manganese ferrite photocatalyst were prepared by solution combustion method. The synthesized catalyst were 

characterized by x-ray diffraction (XRD), fourier transform infrared (FT-IR) and scanning electron microscopy (SEM). XRD results 

show that the phase structure of the nanoparticles is spinel structure of the materials with uniform particle size 10 nm. The catalytic 

activity of ferrite samples were tested towards the Photodegradation of congo red (CR) under direct sunlight. The photodegradation 

were optimized under various parameters like concentration of H2O2 and catalyst weight and pH. The results show that ferrite improved 

degradation might attribute to the higher adsorption capacity and the better electron (e) – hole (h+ ) pair separation or reduce the 

recombination of e-h+ pair under light illumination. 
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INTRODUCTION  

 Industries like textiles, paint and varnishes, ink, plastics, paper and cosmetics utilize a wide variety of dyes and nearly 20% of 

dye load enters the effluent streams (Hoffmann et al., 1995). The effluent causes severe damage to aquatic ecosystem and human being. 

Recently, advanced oxidation processes (AOP) have received considerable attention because it is possible to degrade organic 

compounds and color from wastewaters (Xu et al., 2009). Fenton process as an important AOP technology has rapid growing interest 

in it. Fenton’s reagent is a homogeneous mixture of H2O2 and ferrous iron, which generates hydroxyl radicals with oxidation potential 

of 2.8 V to degrade the pollutants.  

Ferrites have been shown to be effective photocatalysts by utilizing light energy to create e-/h+ pairs on the photocatalytic 

surface. Moreover owing to its magnetic property, these ferrites can be regenerated easily and reused. This makes ferrite one of the 

most promising photocatalyst in the field of photodegradation of organic pollutants. In this work, we have reported the synthesis of 

cobalt-doped manganese ferrite by a solution combustion method and their characterization by diverse techniques. The photocatalytic 

effect of synthesized ferrite has been studied under different condition like catalyst weight, effect of pH and H2O2 concentration. 

MATERIALS AND METHODS 

Materials: Chemical such as ferric nitrate, cobalt nitrate and manganese nitrate were purchased from E-Merck for the synthesis of 

Combustion Catalyst. The glass wares used in all the experiments were made up of Schott Duran. 

Synthesis of combustion catalysts: According to our previous report (somanathan and pandurangan., 2010: Saravanan et al, 2014), we 

have synthesized Co1−xMnxFe2O4 sample by solution combustion method using cobalt nitrate, ferrite nitrate and manganese nitrate as 

oxidizers and citric acid as a fuel.  

Characterization of synthesized catalysts: X-ray powder diffraction analysis of the synthesized samples was performed using a Bruker 

AXS D8 Advance X-ray diffractometer. The morphology and elemental composition of the synthesized catalysts were observed by 

Scanning Electron Microscope (Hitachi S-3400 N). 

Photodegradation and analysis of congo red: Photocatalytic experiments were carried out in a 100 ml beaker in presence of direct 

sun light. A 50 ml of Congo red solution was mixed with 10 mg of photocatalyst and exposed to the direct sun light. At regular time 

intervals, 2 ml of the suspensions were collected, and then centrifuged to separate the photocatalyst particles. The Congo red 

concentration was measured by Shimadzu UV-3600 Model UV-Visible Spectrophotometer (Japan) scanning from 200 nm to 800nm 

and the wavelength of maximum absorption at λmax = 499 nm was monitored.  

RESULTS AND DISCUSSION 

XRD pattern of ferrite nanoparticles: XRD patterns Co1−xMnxFe2O4 sample by a combustion method are shown in Fig.1. The 

diffraction peaks at 30.12°, 36°, 43.04°, 56.76° and 62.72° are corresponding to (220), (311), (400), (511) and (400) reflection planes, 

respectively which are indexed to the ferrite material in which the most intense peak at 36 corresponds the formation of spinel structure 

(JCPDS Card No. 74-2403). 

Morphological analysis: The SEM micrograph of synthezied sample were obtained to study the morphology and microstructure. The 

SEM image show that ferrite is flakes like shape (Fig.2).  

Photocatalytic activity of synthesized ferrite 

Influence of H2O2 concentration on fenton oxidation: To reveal the role of H2O2 concentration on the photo-catalytic degradation of 

congo red in the Fenton systems. As shown in Fig. 4, the degradation efficiency represented degree of decolourization is demonstrated, 

when H2O2 concentration increases from 2 to 5 ml/L which is explained by the effect of the additionally produced OH. Radicals (Xu et 

al., 2009).  
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Figure.1.XRD patterns Co1−xMnxFe2O4 sample by a combustion 

method 

Figure.2.The SEM micrograph of 

synthezied sample 
Influence of Fe2+ Concentration on Fenton Oxidation: The effect of different Fe2+ concentration on the degradation of Congo red has 

been investigated. From the Fig 5, the amount of catalyst increase then the rate of degradation also increases, this indicated that Fe2+ as 

a catalyst can significantly accelerate the decomposition of H2O2. The increase in degradation is due to production of more •OH radicals. 

Effect of pH: The effect of pH on the photocatalytic degradation of congo red was tested in the pH range of 1-10.The degradation 

efficiency of congo red was found to be optimum at acidic pH and it decreased with increase in pH. Because it affect the solubility of 

Fe (II)/Fe(III), and ultimately controls the production of OH. radicals. 

  

Figure.3. Effect of H2O2 concentration Figure.4.Effect of different Fe2+ conc 

CONCLUSIONS 

In this work, a simple and efficient solution combustion method was applied for the synthesis of CoxMn1-xFe2O4 nanoparticles 

as a new visible light activated photocatalyst. XRD and SEM image shows the good crystallinity and spinel structure, respectively, of 

the sample. The degradation efficiencies were 96% for ferrite nanoparticles at 80 min of photocatalytic process. It was evident from the 

study that the exploration of the photocatalytic origin of ferrite, in terms of its semiconducting ferroelectric property, would give new 

insights to develop efficient photocatalysts for solar-based photocatalytic applications.  
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