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ABSTRACT 

Herein, in this study, we have reported a successful synthesis of g-C3N4, CoFe2O4 Nps and g-

C3N4/CoFe2O4 nanocomposite materials for photocatalytic degradation of methylene blue dye. 

Direct calcination of urea at 550 
o
C for 3 h was employed to synthesize g-C3N4, CoFe2O4 and 

synthesized using a facile co- precipitation method. Besides, g-C3N4/CoFe2O4 nanocomposite 

was synthesized by a simple co-precipitation method. The crystalline structure, functional group 

presents and surface charge of the synthesized photo catalysts was investigated by powder XRD, 

FTIR and pHpzc techniques respectively. The XRD analyses show the formation of the desired 

phases of g-C3N4, CoFe2O4 NPs and g-C3N4/CoFe2O4 composites. The photocatalytic efficiency 

of the synthesized semiconductor materials were investigated by the degradation of MB. Among 

the synthesized nonmaterial’s, g-C3N4/CoFe2O4 shows maximum photocatalytic efficiency than 

the other which is due to lowering the band gap and effectively reduces the recombination rate of 

electron-hole pairs during the photocatalytic reaction. The photocatalytic activities were 

investigated at varying pH of solution, contact time (min), initial concentration of MB (mg/L), 

and photocatalyst dose (mg). 

Keywords: Photocatalysis, Methylene blue degradation, g-C3N4, CoFe2O4, g-C3N4/CoFe2O4 
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CHAPTER ONE 

1. INTRODUCTION 

1.1 Background of the Study 

Water is not only fundamental to our life and health but also essential for all life on the earth 

without any substitute [1]. Recently, a growing population with increasing standard of human 

beings’ living, food production and industrialization has been putting much pressure on the water 

resource [2]. Pollutions and contaminations have been turning the limited fresh water into 

wastewater [3]. Although saving water is a matter for easing water problems, water is still 

limited globally; therefore, wastewater treatment seems increasingly important when more and 

more sewage is discharged from industries and households [4]. Manufacturers including the 

textile industry utilize thousands of types of dyes and pigments, generating a large amount of 

wastewater containing dyes, which must be treated before released. Currently, there are mainly 

three means to treat dye-polluted water: the chemical, physical and biological methods [5]. 

Photocatalytic degradation of dyes or other organic pollutants is an intensively pursued research 

exercise mainly from the last quarter half of the 20
th

 century [6]. Nowadays, the synthetic dyes 

are extensively used in products like clothes, leather accessories, furniture, and plastic products. 

However, during the dyeing process, nearly 12% of these dyes exclude as waste, and ~ 20% of 

this wastage enters to the environment [7]. In the dye degradation process, large molecules of 

dyes get oxidized down into smaller molecules such as water, carbon dioxide, and other mineral 

byproducts. As stated, the dyeing process does not utilize all the dye molecules, and 

consequently, a substantial amount of dyes were present in the waste water released from the 

industry [8]. 

The heterogeneous photocatalysis eliminating an organic pollutant from water or air has 

numerous potential applications [9] to resolve serious environmental pollution. In recent years, 

researchers have devoted extensive efforts to prepare semiconductors for the photocatalytic 

reaction with a suitable band gap, such as metal-containing oxide, sulfide, and oxynitride. Very 

recently, a novel metal-free semiconductor photocatalyst, carbon nitride (C3N4), was found to 

have good performance in the photo oxidation of methyl orange (MO), the developed g-

C3N4metal including compounds could effectively degrade MO dyes. Wanget al. also reported 
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that g-C3N4with a band gap of 2.7eV achieved functionality as a stable photocatalyst for 

H2evolution from water under visible light irradiation [10]. 

Covalent carbon nitrides have attracted much attention since the theoretical prediction of their 

remarkable mechanical and electronic properties of some phases [11], for example, g-C3N4was 

used as catalyst or carrier due to its excellent stability at an ambient condition [11]. In most 

cases, g-C3N4 powder was prepared by a facile pyrolysis method using amine precursors [10]. 

However, the obtained g-C3N4from varying amine precursors may present the discrepant 

photocatalytic properties. To develop a highly efficient photocatalytic system, it is interesting to 

know the photocatalytic properties of g-C3N4depending on the precursors. The detailed 

investigations on g-C3N4will provide useful information for its photocatalysis application. Here, 

the g-C3N4powder was prepared by heating cyanamide, dicyandiamide, and melamine, 

respectively, and the photocatalytic activity was evaluated by the photo degradation of 

methylene blue (MB). The results suggest that the obtained g-C3N4 presented the distinct 

performance of photocatalysis, which depended on the amine precursor. 

Graphite-like C3N4 (g-C3N4) is an all-organic delocalized π conjugative structured material with 

band gap of ~2.7 eV, which could be used as high performance photocatalyst under visible-light. 

In addition, due to the delocalized π-π structure, -induced charge g-C3N4 also possesses rapid 

photo-induced charge separation and relatively slow charge recombination property in the 

electron transfer process [12]. Meanwhile, the g-C3N4 is regarded as the most stable allotrope 

among the carbon nitride materials under ambient conditions as well as in high acid or base 

solutions due to the strong covalent bonds between carbon and nitride atoms [13]. Therefore, the 

modification of g-C3N4 could give rise to nanocomposites with visible-light activity, better 

charge separation and relatively slow charge recombination and enhanced photo or chemical 

stability [14].However, nanostructure g-C3N4 and bulk g-C3N4 both face another problem, which 

is difficult to be separated after the photocatalytic reaction.  

An efficient and facile way to separate the catalyst from the suspension is to combine g-

C3N4with a magnetic material [15].  

As a part of the ferrite family, magnetic CoFe2O4 spinel is in the focus of research because of its 

potential use in various applications. Due to its magnetic properties, CoFe2O4 nanoparticles may 
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be employed in catalysts , cathode electro catalyst of microbial fuel cells , or in various 

functional composite materials , including advanced adsorbents, for the removal of anionic 

pollutants from water [16]. Ferrites are magnetic ceramics of great importance in countless 

scientific and technological applications on account of their numerous electrical, magnetic, and 

dielectric properties. In the class of ferrites, spinel ferrites with chemical formula MFe2O4 

(where, M represents divalent ions of the transition metal elements such as Co
2+

, Ni
2+

, Zn
2+

, 

Mg
2+

, etc.) are industrially leading magnetic materials due to their outstanding electromagnetic 

properties [17]. 

Transition metal ferrites can be more appropriate and promising due to the several advantages 

like, it is an effective catalyst with specific active sites and most importantly its narrow band gap 

matches with the solar spectrum [18]. Among the various semiconducting ferrite materials 

CoFe2O4 with spinel structure is more promising due to its narrow band gap, good 

photochemical stability, favorable magnetic property and it can exhibit characteristic 

photochemical the visible-light irradiation [19]. Spinel CoFe2O4 has several features, such as 

high electro-magnetic performance, excellent chemical stability, remarkable mechanical 

hardness and ferromagnetic behaviors [20]. 

A composite material is a material fabricated from two or more constituent materials with 

considerably different physical or chemical properties that, once combined, produce a material 

with characteristics different from the parent source materials [21]. Recently, numerous 

researches have been made to couple g-C3N4 with various semiconductors to enhance the 

photocatalytic activities.  For instances, Wang and co-workers firstly reported TiN/g-C3N4 multi-

layers hybridization by using a dual facing-target magnetron sputtering method at room 

temperature, an exhibited favorable properties in photocatalytic applications. 

 Above all, as a magnetic material, CoFe2O4 has emerged a great advantage in the application of 

degrading organic pollutants. Besides, it has been reported that g-C3N4could activate H2O2 to 

degrade organic pollutants under visible light irradiation [22]. Therefore, the combination of 

CoFe2O4 and g-C3N4 could be beneficial, since it would fabricate an efficient, stable and 

magnetic photocatalyst to activate H2O2 for removing organic pollutants [23]. 
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1.2 Statement of the Problem 

Water pollution is the contamination of water bodies such as lakes, rivers, oceans, and 

groundwater caused by either human activities or industrial activities, which can be harmful to 

organisms and plants which live in these water bodies. It has always been a major problem to the 

environment. With industrialization in major areas and an urban city growing the water around 

them just keeps getting polluted. A lot of water pollution is caused by industries near rivers and 

lakes doing illegal dumping [24]. 

Our world has been faced with serious of water pollution that are discharged from numerous 

industries. These pollutants are introduced into the environment without being treated are 

responsible for bringing toxicity to the aquatic life and human. Removal of industrial 

wastewaters that contains both organic and inorganic pollutants are a very challenging task 

because it requires the use of special techniques and reaction conditions. Currently, a massive 

discharge of MB from different industries to water bodies is observed without being treated. 

Hence, in order to save the environment and human health, removal of MB from aqueous 

solution has taken a huge research interest. During the last decades the ever increasing of toxic 

discharges (pollutants) from textile, and plastics industries takes a huge responsibility for 

pollution of the environment [25]. Textiles industries are suspect to introduce MB to the 

environment. Therefore, it is desirable for removal of these toxic pollutants before releasing to 

the environment. In this regard, searching of low cost, environmentally friendly, and efficient 

water treatment methods have taken huge concern for the scientific community. A broad-

spectrum degradation efficiency of the advanced oxidation process, in particular photocatalysis, 

has brought a promising for remediation of wastewater. Metal oxide semiconductors, such as 

ZnO and TiO2, are widely employed for this purpose. However, the low photocatalytic efficiency 

of these semiconductors due to wide band gap energy and fast electron hole pair recombination 

remains a challenge for practical use. Hence, doping or make composite with other are common 

strategies to overcome the mentioned problems. Hence, in this study, we have introduced 

magnetically separable and visible light active, g-C3N4/CoFe2O4 composite for photocatalytic 

degradation of MB dye. 
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1.3 Objectives of the Study 

1.3.1 General Objectives 

The general objective of the study was: 

 To synthesize g-C3N4/CoFe2O4 composite for photocatalytic degradation of 

methylene blue. 

1.3.2 Specific Objectives 

The specific objectives of the study were: 

 To synthesize graphitic carbon nitride ( g-C3N4) from nitrogen rich urea by pyrolysis 

method 

 To synthesize magnetic CoFe2O4 using co-precipitation method 

 To investigate the formation, crystal structure and surface functionalities of the as 

synthesized nanostructured material using powder XRD, FTIR and point of zero 

charge analysis 

  To examine the photocatalytic degradation of MB blue dye 

1.4 Significance of the Study 

     The importance of the study is: 

 It will be important to apply the synthesized composite material as photocatalytic 

degradation of organic dye 

  Researchers have used the result from this study for further investigation to 

overcome the industrial pollution (pollution in the country)                                        
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CHAPTER TWO 

2. REVIEW OF RELATED LITERATURE 

2.1 Photocatalysis 

Photocatalysis refers to a phenomenon in which a substance (the catalyst) speed up a kinetically 

slow reaction and the catalyst is fully restored at the end of each catalytic cycle and the “Photo 

catalysis” is defined as a specific process for the acceleration of the “photoreaction” in the 

presence of a catalyst. Photocatalysis can also be regarded as the catalysis of photochemical 

reaction on a solid substrate, mostly a semiconductor [26].  

The term “Photocatalysis” is still an arguable subject due to controversies, according to some 

researchers the “light” acts as a catalyst, while it always acts as a “reactant” where it is spent in 

the chemical process. The word” photoreaction” is sometimes explained as a “Photoinduced” or 

“Photoactivated,” process, whereas in the field of photocatalysis, “catalytic activity” is the ability 

of a catalyst to show performance under light depending upon the reaction sites/active sites at the 

catalyst. 

 The performance of a catalyst can be determined by its “turnover frequency” which is “number 

of turnovers per unit time of reaction, it is used to show how many times one active site produces 

a reaction product(s) within unit time.” In case of photocatalysis, the reaction rate depends on the 

frequency of irradiated light which acts as the initiator of photoreaction. The term photocatalysis 

indicates the relation of light and some substance; (say a catalyst) so in the absence of light, the 

process of photo catalytic activities on active sites is not possible [27]. 

2.2 Photocatalytic Mechanism 

Photocatalytic reaction primarily depends on wavelength or light (photon) energy and the 

catalyst. In general, semiconducting materials are used as a catalyst which performs as 

sensitizers for the irradiation of light stimulated redox process due to their electronic structure, 

which is characterized by a filled valence band and a vacant conduction band [28]. Figure 2.1 

shows the schematic representation of semiconductor photocatalytic mechanism. The 

fundamental steps in the process of semiconductor photocatalysis are as follows [29]. 
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 When the light energy in terms of photons fall on the surface of a semiconductor and if 

the energy of incident ray is equivalent or more than the band gap energy of the 

semiconductor, the valence band electrons are agitated and move to the conduction band 

of the semiconductor. 

.                                           

                                                                                             

                                                                                             O2        O 2
-
      

                                                  

Light energy 

                                                                                                                                  

 

 

 

                                       OH
-
 

                                         OH
.
      .                                         

.
 

 

 

Figure2.1Schematic representation of semiconductor photocatalytic mechanism [30] 

 Holes would be left in the valence band of the semiconductor. These holes in the valence 

band can Oxidize donor molecules and react with water molecules to generate hydroxyl 

radicals (The hydroxyl Radical have strong oxidizing power responsible for the 

degradation of pollutants). 

  The conduction band electrons react with dissolved oxygen species to form superoxide 

ions. These electrons induce the redox reactions. These holes and electrons could 

undergo successive oxidation and reduction reactions with any species, which might be 

adsorbed on the surface of the semiconductor to give the necessary products. 
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2.2.1 Description of Oxidation Mechanism 

The photocatalyst surface contains water, which is mentioned as “absorbed water.” This water is 

oxidized by positive holes created in the valence band due to the electrons shift to the conduction 

band as a result of light irradiation, thus making way for the formation of hydroxyl (OH∙) 

radicals (agents which have strong oxidative decomposing power). Afterward, these hydroxyl 

radicals react with organic matter present in the dyes. If oxygen is present when this process 

happens, the intermediate radicals in the organic compounds along with the oxygen molecule can 

experience radical chain reactions and consume oxygen in some cases 

 

                                             holes (h
+
)              +        H2O 

 

  

 

 

                                                                         OH
-
 

 

                                  Dyes                   +        OH
.
 

 

     

 

                                    

 

 

Figure2.2 Schematic representation of oxidation mechanism [31]  

In such a case, the organic matter finally decomposes ultimately becoming carbon dioxide and 

water. Under such circumstances, organic compounds can react straightly with the positive holes, 

resulting in oxidative decomposition. The complete oxidation processes were shown in figure 2.2 

h

+

+
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+ 

h

+

+

+ 

h

+ 
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process 

Intermediates = CO2 + H2O 
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2.2.2 Description of Reduction Mechanism 

Figure 2.3 represents the reduction process, the reduction of oxygen contained in the air occurs 

as a pairing reaction. Reduction of oxygen takes place as an alternative to hydrogen generation 

due to the fact that oxygen is an easily reducible substance. The conduction band electrons react 

with dissolved oxygen species to form superoxide anions. These superoxide anions attach to the 

intermediate products in the oxidative reaction, forming peroxide or changing to hydrogen 

peroxide and then to water. The reduction is likely to occur more easily in organic matter than in 

water. Therefore, the higher concentration of organic matter tends to increase the number of 

positive holes. This reduces the carrier recombination and enhances the photocatalytic activity. 

 

 

                                                                             +           

                                                                                                                          O2 

 

                                                                                                    O2
.-

 

 

 

 

 

 

 

             H2O 

Figure2.3 Schematic representation of reduction mechanism [32] 

2.3 Graphitic Carbon Nitride (g-C3N4) 

2.3.1. Introduction to g-C3N4 

Graphitic carbon nitride (g-C3N4), one of the oldest reported polymers in the literature, has a 

general formula of (C3N3H) n. The history of development could be traced back to 1834 [33]. 

Reduction 

process 

e- e- e- 

Electron (e-) 

H2O2 (Hydrogen 

peroxide) 
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Research work has been inspired in the1990s due to a theoretical prediction that diamond-like β-

g-C3N4could have extremely high hardness values. At ambient conditions, g-C3N4 is regarded as 

the most stable allotrope. Similar to graphite, g-C3N4is a layered material in which van der Waals 

force holds the stacking layers (covalent C–N bonds) and each layer is composed of tri-s-triazine 

units connected with planar amino groups. The tri-s-triazine ring structure provides the polymer 

a high thermal stability (600 
O
C in air) and chemical stability both acidic and alkaline 

environments. 

Utilization of g-C3N4 in the heterogeneous catalysis is started around a decade ago. The 

discovery of g-C3N4 polymer as a metal-free conjugated semiconductor photocatalysis for water 

splitting was first reported by Wang et al [34] due to its appealing electronic structure, i.e., 

having a modulated band gap and being an indirect semiconductor. 

Since then these unique properties of g-C3N4 make it a promising candidate for visible-light 

photocatalytic applications utilizing solar energy. Solar energy is attracting worldwide attention 

by providing about 120,000 TW annually to the earth as one of the green, clean, and sustainable 

energy resources. Solar-induced chemical processes would be able to greatly extend the 

applications of g-C3N4. Since the landmark discovery of photocatalytic water splitting using 

TiO2 electrodes by Fujishima in 1972, photocatalytic technology has been regarded as one of the 

most important strategies to address global energy and environmental issues. Since then, there 

have been numerous developments in the fabrication of highly efficient semiconductor-based 

photocatalysts such as metal-based oxides and sulfides. Notably, g-C3N4 has become a new 

family of next generation, on-toxic, metal-free, earth-abundant, and visible light-driven 

polymeric semiconductor for applications in the degradation of organic pollutants, hydrogen 

evolution from water, sensing, imaging, and energy conversion [35].  
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2.3.2. Synthetic Routes of g-C3N4 

g-C3N4 can be synthesized by directly heating low-cost ingredients like melamine, cyanamide, 

dicyandiamide and urea, etc. Based on experimental studies and ab initio calculation, a 

microscopic mechanism of the reaction paths of generatingg-C3N4from urea or thiourea is shown 

in figure. Upon heating under a closed air atmosphere, urea first decomposes to ammonia and 

isocyanic acid and then is converted into some intermediates, such as cyanuric acid, ammelide 

and ammeline. Cyanuric acid further turns into melamine, which can condense to form melem. 

Melem undergoes polymerization to melon and further to extended polymers. Finally, 

polymericg-C3N4 is generated from the pyrolysis of precursors [34]. 

 

 

 

Figure2.4 Microscopic mechanism of the reaction paths of polymeric carbon nitride [36] 
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2.3.3. Structure and Morphology of g-C3N4 

 

g-C3N4 has a similarly layered structure to graphite with weak van der Waals forces between 

layers but a completely different planar structure. The tri-s-triazine (heptazine) rings, relevant to 

the hypothetical aggregate melem in structure, are shown to be energetically favoured structure 

for g-C3N4. (Figure 2.5) In contrast, to the planar pure covalent bonding of graphite, the planar 

bonding of g-C3N4is partially due to hydrogen bonding between strands of polymeric melem 

units with NH/NH2 groups 

.  

Figure2.5 Schematic of monolayer graphitic carbon nitride. N, C and H atoms are 

represented by light blue, white, and small yellow balls, respectively. The melem unit is 

marked by the white circle [37]. 
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2.3.4. g-C3N4/inorganic semiconductor heterojunction 

The semiconductor heterojunction has been an effective architecture to enhance photocatalytic 

activity by promoting photo generated charge separation. The highest occupied molecular orbital 

for g-C3N4 has been reported to be -1.3 eV versus a normal hydrogen electrode, and it is more 

negative than the conduction band of conventional wide band gap semiconductors such as TiO2 

and ZnO. This would promote forming a heterostructure with wide band gap semiconductors and 

to extend their visible light response [38]. Moreover, the combination could not only improve the 

separation efficiency of electron-hole pairs but could also broaden the absorption band toward 

the visible region. Therefore, it is no doubt for the trial to build heterojunction between g-C3N4 

with other inorganic semiconductors. After immobilization on the g-C3N4, the problem of 

agglomeration of inorganic semiconductor e.g. TiO2 and ZnO have been reported being solved, 

with further enhancement in the photocatalytic activities [37]. 

2.4 Cobalt Ferrite Nanoparticles 

2.4.1. Spinel Ferrite 

Cobalt ferrite nanoparticles have recently become the subject of research interest from the point 

of view of the synthesis, the structure, the magnetic characterization and the application. Spinel 

ferrites are also named as cubic ferrites and the chemical formula of spinel ferrites is MFe2O4. In 

the early 21
st
century, the spinel ferrite nanoparticles (MFe2O4, in which M represents one or 

more bivalent transition metals such as Mn, Fe, Co, Ni, Cu, and Zn) have become an important 

and efficient tool in modern catalytic organic synthesis due to their unique electronic and 

magnetic properties (easily separate by external magnet), which are quite different from the 

conventional bulk materials. 

In this category (spinel ferrites), cobalt spinel ferrite(CoFe2O4) is an inverse spinel ferrite with all 

or most Co
+2 

ions occupying octahedral sites (B sites) and the Fe
+3

 ions on both tetrahedral (A 

sites) and B sites [39]. Cobalt spinel ferrites (CoFe2O4) have received profound attention due to 

their high electro-magnetic performance, excellent chemical stability, remarkable mechanical 

hardness and ferromagnetic behaviors at higher temperature, which are significantly different 

from their bulk counterparts [40]. Owing to these features, cobalt ferrites have been widely used 

in sensors, recording devices, magnetic cards, solar cells, magnetic drug delivery, biomedical, 

catalysis, and biotechnology. 
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2.4.2. Synthesis of Cobalt Ferrite Nanoparticles 
 

A number of preparation techniques have been explored to synthesize CoFe2O4 nanoparticles 

such as micro emulsion [41], sol-gel techniques [42], hydrothermal synthesis [43], solvothermal 

method [44], co-precipitation [45],electrochemical method [46] ,and combustion methods [47]. 

Although in most of methods, cobalt ferrite nanoparticles are achieved in the desired or required 

sizes and microstructures, they are difficult to apply on larger scales due to their expensive and 

complicated procedures, high reaction temperatures, long reaction times, toxic reagents and by-

products, and their potential harm to the environment [48]. Among these, co-precipitation and 

hydrothermal techniques are easy, versatile, and low-cost methods for the preparation of cobalt 

ferrite nanoparticles. Co- precipitation is a rapid, easy, and economical process that offers a 

series of advantages such as controlled crystallite size, high limpidness, no agglomeration of the 

particles and stable particle surface along with homogeneity [49]. In hydrothermal processes, two 

factors are very important : optimization of hydrothermal synthetic method and  the ion doping 

or surface modification of cobalt ferrite nanoparticles [50]. Ion doping can lead to structural 

disorder, change in grain size and lattice strain, and cation redistribution as well as affect the 

physical and chemical features of cobalt ferrite nanoparticles [50]. 

2.4.3. Structure of Cobalt Ferrite 

 

The spinel structure is composed of a close-packed oxygen arrangement in which 32 oxygen ions 

form a unit cell that is the smallest repeating unit in the crystal network. Between the layers of 

oxygen ions, if we simply visualize them as spheres, there are interstices that may accommodate 

the metal ions [51]. Generally, if all of these were filled with metal ions, of either 2+ or 3+ 

valence, the positive charge would be very much greater than the negative charge and so the 

structure would not be electrically neutral. It turns out that of the 64 tetrahedral sites, only 8 are 

occupied and out of 32 octahedral sites, only 16 are occupied. In cobalt ferrite, eight units of 

CoFe2O4 go into a unit cell of the spinel structure as shown in Figure2.6. In addition to the 32 

oxygen ions, there are 16 ferric ions and 8 cobalt ions [52]. Theoretically, the ferric ions 

preferentially fill the tetrahedral sites, and as there is room for only half of them (eight), the 

remaining eight go on the octahedral sites as do the eight Co
++

ions. The anti-ferromagnetic 

interaction orients these eight Fe
+++

 moments and eight cobalt moments antiparallel to the eight 
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Fe
+++

moments on the tetrahedral sites. The Fe
+++

 ion moments will just cancel, but the moments 

on the cobalt ions give rise to an uncompensated moment or magnetization. 

 

Figure2. 6 Spinel structure [53] 

2.5 Applications of Semiconductor Photocatalysis 

Photocatalytic material could adsorb or decompose toxic gases in the atmosphere, reducing the 

adverse effects of toxic gases on the environment. Semiconductor photocatalysis is mild, and the 

reaction process is relatively simple. In theory, photocatalysis can degrade almost all air 

pollutants. Therefore, compared with conventional methods such as filtration, adsorption, 

plasma, and ozone oxidation, photocatalytic technology can completely degrade the pollutants in 

the air under sunshine, thereby rapidly purifying the air. Photocatalysis is a technology with wide 

applications and great development potential [54]. 
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Figure2.7Applications of photocatalysis [55] 

2.6 Photocatalytic Mechanism and Influencing Factors 

2.6.1. Reaction Mechanism 

Photocatalytic reaction is a chemical reaction that takes place under the joint action of light and 

the photocatalyst. This technology possesses several advantages, including environmental 

protection, the complete degradation of pollutants, and no secondary pollution [56]. 
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Table 1Effects of influencing factors on photocalaytic reaction[57]. 

Influencing Factors             Effect on photocatalysis 

Catalyst concentration -The reaction rate increases with the increase of the     

  catalyst concentration. 

-Above a certain dose, the reaction rate decreases as the 

catalyst concentration increases.  

Light source and light intensity Light source-provide light of different wavelengths. 

Light intensity-improve light intensity and promote 

photocatalytic reaction. 

pH value -Related to target degradation products. 

Plus oxidants -Reducing the recombination of photogenarated electrons 

and holes and promote photocatalytic efficiency. 

Inorganic ion Anion-improve the separation speed of photogenarated 

electrons and holes and promote photocatalytic reaction. 

Becomes a scavenger of hydroxyl radicals, forming anion 

radicals. 

Cation-The competitive adsorption of active sites on the 

surface of the catalyst may affect the photocatalytic 

degradation of organics. 

Temperature -Has little effect. 

 

Modification Method Advantage Disadvantage 

Particle doping -Reduced band gap 

-Reduced particle size 

-Introduce defects 

Precious metal depositing -Enhance electron-hole separation -Expensive 

Surface dye photosensitization -Broaden the light response range -Expensive 

-Dyes may be photolyzed 

Semiconductor compound -reducing the complex of electron- 

 hole pairs 

-Broaden the light response range 

-Energy loss 

2.7 Photocatalytic Degradation of Dye 

The photocatalytic activities of g-C3N4, CoFe2O4 and different ratios of g-C3N4/CoFe2O4 nanocomposite 

were evaluated using the photo-degradation of MB solutions under UV–visible light irradiation. Then 

decrease in the peak intensity of the absorption spectra of the dyes with the increase in irradiation time 

clearly depicts that the deposited catalysts degrade the dye molecule effectively. The degradation 

efficiency of prepared catalysts were calculated using the following relation [58]. 

          =
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where C0 is the initial concentration of the tested dyes and C is the concentration of dye solution after the 

irradiation of UV–visible light at periodic intervals of time. A0 and A are the corresponding absorption 

values. It is known that the absorption is proportional to the concentration of the dye solution. 

2.8 Methylene Blue (MB) 

Dyes are colored organic compounds that are used to impart color to various substrates, 

including paper, leather, fur, hair, drugs, cosmetics, waxes, greases, plastics, and textile materials 

[59]. Despite the wide application, most of the dyes are toxic to aquatic life and human. Dye-

bearing wastewaters exhibit high chemical and biochemical oxygen demands. The presence of 

even very low concentrations is cause for polluted the environment. To reduce the negative 

effects of dye-contaminated wastewater on humans and the environment, the wastewater must be 

treated carefully before discharge into the main streams. Among these, MB is the most notable 

dye used for staining in biology, indicator in chemistry and imparting of color for fabrics [60]. 

Whereas, ingestion of methylene blue through the mouth produces a burning sensation and may 

cause nausea, vomiting, diarrhea, and gastritis. Once inhaled it can give rise to a short rapid, 

difficult breathing. Accidental large dose creates chest and abdominal pain, severe headaches, 

profuse sweating, methemoglobinemia and painful urination [61]. Methylene blue is a basic dye; 

it has a chemical formula, (C16H18N3SCl), its IUPAC name is 3,7-bis(dimethylamino)-

phenothiazin-5-ium-chloride with molecular weight 319.85(g/mol) and a λmax wavelength of 

664.3 nm [62]. Figure 2.8 shows the chemical structure of methylene blue dye  

 

Figure2.8 Chemical structure of methylene blue dye [63] 

Methylene blue is soluble in water, and it is an aromatic heterocyclic compound. This means 

methylene blue is an organic compound that has one or more of the carbon atoms in the 

backbone of the molecular being replaced with an atom other than carbon. This atom includes 

nitrogen, oxygen, and sulfur. Methylene blue at room temperature appears as a solid, odorless, 

dark green powder that turns blue when dissolved in water [64]. 
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CHAPTER THREE 

3. MATERIALAND METHOD 

3.1 Materials 

Chemicals and reagents used for the synthesis of g-C3N4/CoFe2O4 nanocomposite are urea 

((H2N) 2 CO, 99.8%), Ferric nitrate nonahydrate (Fe (NO3)3.9H2O, 98.0%), were obtained from 

Rajasthan and Newdelhi, India, respectively. Cobaltous nitrate hexahydrate, (Co (NO3)2.6H2O 

99%), sodium hydroxide (NaOH 99.8%), and methylene blue (Cl6H18N3SCl) were obtained from 

Belgrade, Serbia, Nor bright, China and Sigma Aldrich, China respectively. Besides, the rest of 

all chemicals used in this study were analytically grade and used without further purification. 

Distilled water was used throughout the whole experiment.  

3.2 Sample Preparation 

 All plastic containers, crucibles, mortar and pestles were washed thoroughly. Glass was washed 

with liquid soap, rinsed with dilute water. All stock solution was prepared, autoclaved and stored 

at recommended temperature till, further use .During sample preparation, dilution and rinsing 

apparatus prior to analysis. 

3.2.1. Synthesis of Graphitic Carbon Nitride (g-C3N4) 

A facile calcination method was employed to synthesis g-C3N4 using urea as a starting material 

[65]. In a brief, 10 g urea was first dried for 24 h at 80 
O
C in a ceramic crucible. The dried urea 

under aluminum foil was placed in a furnace for calcination at 550 
O
C for 3 h. The heating rate 

of calcination was 2 
O
C /min. After cooling, the yellow powder of the synthesized g-C3N4 was 

obtained. The resulting yellow product was collected and ground into powder for further use. 

 3.2.2. Synthesis of Cobalt ferrite by Co-precipitation Method 

Cobalt ferrite nanoparticles were synthesized using the co-precipitation method. In particular, 

1.455 g Co (NO3)2 6H2O (5mmol) and 4.04 g Fe (NO3)3·9H2O (10 mmol) in a 1:2 molar ratio 

respectively, was used as starting materials. The metal nitrates were dissolved together in a 
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minimum amount of deionized water to get a clear solution. Deionized distilled water was used 

as a solvent in order to avoid the production of impurities in the final product. 3M solution of 

sodium hydroxide was prepared and slowly added to the salt solution drop wise. The pH of the 

solution was constantly monitored as the NaOH solution was added. The reactants were 

constantly stirred using a magnetic stirrer until a pH level of 11-12 was reached. The liquid 

precipitate was then brought to a reaction temperature of 80
o
C and stirred for one hour. The 

product was then cooled to room temperature. To get free particles, the precipitate was then 

washed several times with distilled water and then decanted; the precipitate was dried at 105
O
C. 

The acquired substance was then grinded into a fine powder. 

3.2.3. The synthesis of g-C3N4/ CoFe2O4Nanocomposites 

Samples with different ratios of g-C3N4/ CoFe2O4 were synthesized by a facile co-precipitation 

method. A typical experiment for the synthesis of g-C3N4/ CoFe2O4 was as follows: 0.1g of the 

as-prepared g-C3N4 powder was dispersed in 100ml deionized distilled water and stirred to form 

homogenous solution. Then, 0.7275 g Co (NO3)2 6H2O+2.02 g Fe (NO3)39H2O (ratio 1) and 

1.455 g Co (NO3)2 6H2O+ 4.04 g Fe (NO3)3·9H2O (ratio 2) in a 1:2 molar ratio was dissolved in 

100 mL deionized distilled water.3M (100ml) sodium hydroxide solution was prepared and 

slowly added to the g-C3N4-Co
2+

& Fe
3+

 salt solution of each ratio drops wise. The liquid 

precipitate was refluxed using reflux condenser to a reaction temperature of 80
o
c for 8 hours to 

complete the formation of nanocomposite and then the product was cooled to room temperature. 

Finally, the precipitate was washed several times with distilled water and then decanted; the 

precipitate was dried in oven at 105
o
c for 5 hours. The acquired substance was then grinded in to 

a fine powder. 

3.3 Characterization Technique 

3.3.1. Powder x-ray Diffraction (PXRD) 

X-ray diffraction (XRD) is an important and definitive characterization tool widely used to 

elucidate the structure of synthesized graphitic carbon nitride (g-C3N4), cobalt ferrite (CoFe2O4) 

and graphitic carbon nitride –cobalt ferrite (g-C3N4/CoFe2O4) composite. Powder diffraction can 

be used to determine whether a new material such as graphitic nitride, cobalt ferrite has been 

synthesized, whether a desired graphitic nitride, cobalt ferrite and graphitic carbon nitride-cobalt 
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ferrite composite has been made or whether a crystallization process has completed. XRD is an 

integral tool in determining the details structure of a newly synthesized graphitic carbon nitride, 

cobalt ferrite and graphitic carbon nitride-cobalt ferrite composite. The working principle of 

XRD is based on applying elastic scattering of X-rays on structure to acquire information on the 

unit cell parameters of the product. By measuring the angles and intensities of these diffracted X-

rays beams.  X-ray diffractometer can produce a pictorial view of density of electrons within the 

crystal [66]. The two-dimensional image can be converted into a three-dimensional model of the 

density electrons within the crystal using the mathematical method of Fourier transforms. 

X-rays are produced when the wavelength of the scattered X-rays interfere constructively. I.e. 

forming a diffraction pattern. For constructive interference, the difference in the travel path must 

be equal to integer multiples of the wavelength. When the constructive interference occurs, a 

diffracted beam of X-rays would leave crystal at the angle equal to that of the incident beam 

[67]. The general relationship between the wavelengths of incidence X-rays, angles of incidence 

and spacing between the crystal lattice planes atoms is known as Bragg
’
s law: 

nλ=2dsinθ……………………………………………………………………Equation 3.1 

Hence λ =wavelength of x-ray used θ =Angle between incident X-rays and plane of the crystal 

d= Distance between the planes of the constituent particles in a crystal n= an integer (1, 2, 

3...etc.) the diffracted beam makes an angle 2θ.  In XRD analysis good sample preparation is 

extremely important to producing good X-ray diffraction result. 

3.3.2. Fourier Transformed Infrared Analysis (FTIR) 

 Infrared spectroscopy is powerful techniques for the characterization of the as- synthesized 

graphitic carbon nitride, cobalt ferrite and graphitic carbon nitride-cobalt ferrite composite 

materials. Most infrared spectrometer measures the absorption of radiation in the mid-infrared 

region of the electromagnetic spectrum (4000-400cm
-1

). In this region of the spectrum, 

absorption is due to many vibrational modes in the sample. Analysis of these vibrational 

absorption bands provides information the chemical species present. This includes information 

about the structure of the as-synthesized nanomaterials as well as other functional group. FTIR is 

used for the analysis of graphitic carbon nitride, cobalt ferrite and its nanocomposite. Herein, 

FTIR spectra were obtained by using a Bruker ALPHA-P FTIR equipped with an ATR 

(Attenuated Total Reflection) [68]. 
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3.3.3. Ultraviolet-Visible Spectroscopy (Uv-Vis) Spectroscopy 

UV/Vis spectrophotometer is used in the quantitative determination of concentrations of the 

absorber in the solutions of transition metal ions and highly conjugated organic compounds. The 

absorption of the samples was recorded in a specific wavelength within the range of 200 and 800 

nm using UV-Vis spectrophotometer (752 spectrophotometer). 

3.4 Point of Zero Charge (pHpzc) Determination 

The pHpzc is defined as the pH of the suspension at which the surface (acidic or basic) 

functional groups of adsorbents no longer contribute to the pH value of the solution.  

The relationship between pHpzc and adsorption capacity is that cation adsorption on any 

adsorbent will be expected to increase at pH value higher than the pHpzc while anions 

adsorption will be favorable at pH values lower than pHpzc. It has been reported by earlier 

researcher that the pHpzc of an adsorbent decreases with increase in acidic groups on the surface 

of the adsorbents. The effects of pH on the adsorption process may also be explained in terms of 

pH of the point of zero charge, (pHpzc) at which the surface of adsorbent is neutral [70]. The pH 

drift method was used to measure the pH at the potential of zero charge (pHpzc) by plotting the 

change in pH (Y-axis) vs initial pH (X-axis). Then, draw a line where ΔpH (final pH- initial pH) 

via initial pH. The resulting pH = 0 is taken as the pHpzc [71]. 

3.5 Photocatalytic Experiment 

The photocatalytic studies were performed to investigate g-C3N4/CoFe2O4 nanocomposite 

performance for the degradation MB. For example, 0.1 g of the photocatalyst was added into 100 

mL of 10 mg/L solution of MB. Before photocatalysis, the solution was stirred magnetically for 

60 min in the dark to establish an adsorption-desorption equilibrium. Then, the solution was 

irradiated by tungsten lump (30 W) in the photo reactor.  

At a fixed time interval 3 mL of suspension was collected for recording the absorbance at λmax= 

664nm a maximum MB. The pH of the solutions was adjusted by adding either 0.1 M HCl or 

0.1M NaOH. The degradation (%) was computed by Eq3.2. The photocatalytic performance of 

g-C3N4/CoFe2O4 was investigated at various contact time, initial concentrations of MB (5, 10, 20, 

30 mg/L)), pH (initial – final) of solution and dose of photocatalyst (25mg to 150 mg).  

Degradation (%) = (Ao-At)/Ao* 100 ………………………………………. (Eq. 3.2) 
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CHAPTER FOUR 

4. RESULT AND DISCUSION 

4.1 Characterization Analysis 

4.1.1. Fourier Transformed Infrared Analysis (FTIR) 

Fourier transforms infrared spectra (FTIR) were obtained on spectrum 65(PerkinElmer) in the 

region of 4000–400 cm–
1
 using KBr pellets. FTIR spectroscopy was used to investigate the 

vibrational functional group present in g-C3N4, CoFe2O4 NPs and g-C3N4/CoFe2O4 

nanocomposite photocatalysts. Figure 4.1Shows the FTIR spectra of   g-C3N4, CoFe2O4 NPs and 

g-C3N4/CoFe2O4 nanocomposite sample. The FTIR spectrum of g- C3N4 (Figure 4.1a) shows the 

weak absorption at 808 and 890cm
−1

is assigned to the bending vibration mode of C-N 

heterocycles and the characteristic breathing mode of the triazine units [13]. g-C3N4 also shows 

strong bands in the range between 1238– 1640 cm
−1

, which corresponds to the typical stretching 

vibration modes of the heptazine heterocyclic ring g-C3N4 units [69]. The strong broad band of 

g-C3N4 centered at 3179 cm
−1 

is ascribed to the stretching mode of the N−H bond [70]. 

Adsorption peak at about 1408 cm
−1

 can be attributed to C–N, and at 1640cm
−1

due to the C=N 

stretching mode [71].The stretching vibration modes of N–H and O–H at 3179–3500cm
−1 

[72]. 

The spectrum of pure CoFe2O4 NPs (Figure 4.1b) has the distinctive absorption peak at 630 

cm
−1

assigned for the stretching vibration of metal ion (Co-O or Fe-O) in the octahedral and 

tetrahedral site of the spinel structure [73]. Figure 4.1c, shows the FTIR spectrum of the binary 

composites of g-C3N4/CoFe2O4. As it is shown in the Figure, the peak due to g-C3N4 and 

CoFe2O4 NPs are found in the composite. This implies that the presence of both compounds in 

the composite. 
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Figure 4. 1 TheFTIR patterns of (a) pure g-C3N4 (b) CoFe2O4 NPs (c) g-C3N4/CoFe2O (ratio 

2) nanocomposites 

4.1.2. Powder x-ray Diffraction (PXRD) Analysis 

The X-ray diffraction (XRD) patterns of the crystal phase was collected using a Bruker D8 

diffractometer with Cu-Kα radiation (λ = 1.5418˚A) in the 2ϴ range of 10–80
O
.Figure 4.2 shows 

the diffraction patterns of the synthesized g-C3N4from Urea under calcination. The XRD graph 

shows the formation of peaks at the 2θ value of 13.14
o
 and 27.62

o
,indexed to (100) and (002) 

planes of graphite-like conjugated triazine aromatic sheets, which matches well with Joint 

committee on powder diffraction standards (JCPDS) 87–1526 for g-C3N4. As a result of 

indexing, the pattern was assigned to an orthorhombic system having a lattice constant of a ~ 

0.7300, b ~ 0.8467 and c ~ 0.6492 nm. The diffraction planes, (100) and (002), are attributed to 

the pristine interplanar stacking of the conjugated aromatic structure and the interlayer distance 

of the stacking of g-C3N4was found to be 0.32 nm at (002) [74]. The average crystallite size for 

g-C3N4calculated using Scherrer relation was found to be 42 nm. 
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Figure 4. 2 ThePowder XRD pattern of g-C3N4 obtained from the calcinations of urea 

The phase formation and structural parameters of the synthesized materials were investigated by 

XRD using Qualx version 2.24 software. The XRD diffractogram of CoFe2O4 NPs shows high 

degree of crystallinity (Figure 4.3), have a degree of crystallinity. The diffraction peaks at 

2θ=18.3
o
, 30.1

o
, 35.5

o
, 37.1

o
, 43.1

o
, 53.5

o
, 57.1

o
, 62.6

o
, and 74.1

o
 were indexed to (111), (220), 

(311), (222), (400), (422), (511), (440), and (533), respectively, of the cubic spinel structure 

phase of CoFe2O4 being in agreement with the standard diffraction pattern of CoFe2O4 (COD: 

00-153-3163). In addition, the pattern indicates the formation of pure phase of cobalt ferrite with 

face centered cubic structure [75]. The crystallite size of particle was calculated to be ~15.73 nm 

from the full width half maximum of the strongest peak (311) of XRD pattern employing 

Scherrer’s formula. 
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Figure 4. 3 The Powder XRD pattern nanostructured CoFe2O4NPs synthesized by Co-

Precipitation method 

The powder XRD profiles of the as- synthesized g-C3N4, CoFe2O4, g-C3N4/CoFe2O4 (ratio 1) and 

g-C3N4/CoFe2O4 (ratio 2) are presented in Figure 4.4. Figure 4.4a shows the XRD patterns of 

pure g-C3N4. The cubic spinel with pure phase structure of CoFe2O4 nanoparticles is presented in 

Figure 4.4b.Whereas; Figure 4.4c and4.4d   shows the XRD patterns of g-C3N4/CoFe2O4 (ratio 1) 

and g-C3N4/CoFe2O4 (ratio 2) nanocomposites respectively. The entire characteristics peak due 

to the spinel CoFe2O4 is clearly observed in the composite [76].The diffraction peak due to g-

C3N4 is not clearly observed in the composite which is due to the small amount of graphite 

carbon nitride but there is a peak shift, this indicates the formation of composite [77].  The 

diffraction pattern of g-C3N4/CoFe2O4hetrojunction contained the peak due to both g -C3N4 and 

CoFe2O4. This confirms that the composite is successfully synthesized through a simple co-

precipitation method. 
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Figure 4. 4 The XRD patterns of (a) pure g-C3N4,(b) CoFe2O4, (c) g-C3N4/CoFe2O4 (ratio 1) 

and (d) g-C3N4/CoFe2O4(ratio 2) 

4.1.3 Surface Charge Analysis 

The isoelectric point or Point of Zero Charge (PZC) analysis was used to surface charge of 

photocatalyst surface as a function of pH, which in turn to investigate the mode of interaction of 

MB onto photocatalyst surface. The analysis of the pH impact is usually performed based on the 

pH of point of zero charge (pHpzc) of the photocatalyst. So that, at pH values near pHpzc, the 

interaction between the pollutants and the photocatalysts surface is very little due to the absence 

of significant electrostatic forces. However, when the pH of the solution is lower than pHpzc, the 

photocatalyst surface becomes positively charged and therefore it exerted an electrostatic 

attraction towards negatively charged compounds. Figure 4.5show the pH of point zero charge 

analysis of g-C3N4/CoFe2O4 nanocomposite photocatalysts. For the general principle, if the pH is 

higher than the pHpzc, the surface of the photocatalyst will be charged negatively and therefore it 

repulses anion compounds. Hence, it could be expected to low removal of at higher pH. At pH 

values near the pHpzc of the photocatalyst, aggregation of the photocatalyst particles is observed 

resulting in photocatalyst sedimentation. The pHpzc is the pH at which the adsorbent has a neutral 

charge on the surface. If pH of the solution is higher than pHpzc, the g-C3N4/CoFe2O4surface 

becomes negative and attracts cationic dye (MB) from the aqueous solution. The reverse is true 

for the anionic dye (MO). 
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Figure 4. 5 The plot of ΔpH (pH final – pH initial) vs initial pH of solution of g-

C3N4/CoFe2O4 nanocomposite (ratio 1) 

4.1.3. Photocatalytic degradation of MB Dye 

To understand photocatalytic degradation of methylene blue dye using g-C3N4/CoFe2O4(ratio 1) 

nanocomposite as catalyst, we studied the influence of several factors on the degradation process 

including contact time, catalyst type, initial concentration of dye, catalyst dose and solution pH. 

 Effect of catalyst type 

Figure 4.6 shows the photocatalytic degradation of different type of photocatalysts. As it is 

shown in the figure, the g-C3N4/CoFe2O4 (ratio 1) nanocomposite shows the maximum 

degradation efficiency (97.09 %) than the rest photocatalysts. This is due to the synergistic effect 

by  g-C3N4/CoFe2O4. 
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Figure 4. 6 The photocatalytic degradation efficiency (%) of various photocatalysts on MB 

dye 

 Effect of  P
H 

The pH of the medium decides which form of the dye is adsorbed on the surface and how it is 

degraded [78]. The variation with pH has to be visualized in terms of the surface characteristics 

of the semiconductor as a fun photocatalytic efficiency of the sample is enhanced. The hole (h
+
) 

oxidizes OH
-
 formed from the decomposition of water molecules into 

.
OH. The hydroxyl radical 

attacks the MB blue molecules forming CO2 and H2O in the action of pH. The impact of pH on 

MB adsorption by g-C3-N4/CoFe2O4 NPs was investigated by varying the solution pH within the 

range of 4–10 for a dosage of 50 mg and C0 of 5 mg/L, conducted at 25 
O
C. A 0.1MHCl/NaOH 

mixture was added to maintain the pH at the required value. As seen in Figure 4.7 the MB 

removal (%) was enhanced with a rise in solution pH. The pH of the solution was also checked 

after 24hrs the adsorption process. The pH of the solution changed to approximately its pHZPC 

value. At acidic pH, a lower removal was observed due to the competitive interactions of H
+
 and 

catatonic MB, as well as the repulsive force interaction between the dye cations and the 

positively charged sites. This was confirmed by the stable zeta potential magnitude between pH 

4.0 and 8.0 (Figure 4.7). Upon increasing pH (8.0 to 10.0), the MB adsorptive removal increased, 

due to the increase in the number of negatively charged sites, which led to the existence of an 

electrostatic force of attraction between the cationic MB and negatively charged sites g-

C3N4/CoFe2O4( ratio 1). 
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Figure 4. 7 The Effect of pH on the degradation of MB using g-C3N4/CoFe2O4 (ratio 1) 

nanocomposite 

 Effect of contact time 

Figure 4.8 presents the effect of contact time on the removal of methylene blue using 100 mg of 

catalysts in aqueous solution. The optimum time for MB degradation was 180 min. Figure 4.8, 

shows rapid degradation in the initial hour. That is probably due to the larger surface area of the 

g-C3N4/CoFe2O4 (ratio 1) catalyst being available at beginning for the degradation of MB dye 

[79]. Maximum degradation efficiency of MB dye was attained by the binary nanocomposite 

97.09% within 180 min of contact time. Equilibrium was achieved within this length of time. 

Figure 4.8 show that the rate of the percentage of MB dye degradation is decrease for further 

increase time due to the surface adsorption sites become exhausted, the uptake rate is controlled 

by the rate at which the adsorbate. This result is interesting because equilibrium time is one of 

the important considerations for economical wastewater treatment applications. 
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Figure 4. 8 Effect of contact time on the degradation of MB dye (5 mg/L) 

 Effect of Initial concentration MB 

Figure 4.9 shows the effect of initial concentration of MB on the degradation efficiency of g-

C3N4/CoFe2O4nanocomposite. In all cases, an initially high rate of adsorption occurred because 

the MB concentration provided the driving force for the rapid attachment of MB onto the 

adsorbent surface. As adsorption proceeded, the ratio of MB molecules available adsorption sites 

decreased, which resulted in a decrease in the adsorption rate until equilibrium was reached. The 

concentration of MB is an important factor that affects the efficiency and kinetics of degradation. 

Generally, at low concentrations of contaminants, the rate of degradation increases with the 

increase of substrate concentration since there are sufficient amounts of radicals and holes for the 

reaction with contaminants at low substrate concentration. However, beyond the optimal 

concentration, the removal rate decreases due to the insufficient amount of reactive radicals 

[80].The adsorption of the dyes on catalyst (g-C3N4/CoFe2O4) was studied by varying the MB 

concentration (5-30 mg/L).As shown in the Figure, the concentration of MB increases, more 

reactant molecules are adsorbed on the surface of g-C3N4/CoFe2O4, and as a result reducing the 

generation of ⦁OH radicals since there are fewer active sites for the adsorption of hydroxyl 

anions. On the other hand, at higher MB concentrations, the photons are absorbed by the 

contaminants before they can reach the catalyst surface. Therefore, the absorption of light by the 
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g-C3N4/CoFe2O4 NPs surface decreases the photocatalytic efficiency. The high concentration of 

substrate may also cause the deactivation of photocatalyst. Hence the maximum degradation 

efficiency of MB was found to be 97.09 % at 5 mg/L of MB concentration. 
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Figure 4. 9 The effect of initial concentration of MB on the degradation of efficiency of g-

C3N4/ CoFe2O4 nanocomposite 

 

 Effect of g-C3N4/CoFe2O4 dose 

Degradation of dye is affected by the amount of the photocatalyst. The degradation percentage of 

MB dye under visible light irradiation by different amounts of photocatalyst (g-C3-N4/CoFe2O4 ) 

were used (25 mg, 50 mg, 100 mg and 150 mg) at a dye concentration of 5 mg/L was examined.. 

An attempt to enhance MB dye removal was evaluated by examining the effect of adsorbent 

dosage. As shown in Figure 4.10, it is apparent that the removal percentage of MB dye increases 

as the adsorbent amount increases, which is the future of heterogeneous photocatalysis. The 

increase in adsorbent amount actually increases the number of active sites on the photocatalyst 

surface thus causing an increase in the formation of number of OH  
   
 radicals which can take part 

in actual discoloration of dye solution. However, further increase of the photocatalyst dosage 

resulted in the decrease in removal percentage of MB. This is attributed to the increased turbidity 

of the suspension, which reduces light penetration and inhibits the photocatalytic process 

[81].Figure 4.10 shows that the degradation of MB increased from 85.09% – 97.09% with the 

increase in g-C3-N4/CoFe2O4nanocomposites dosage from 25 to 100 mg. But, further increase in 
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dosage beyond 100 mg did not show a substantial increasing of MB degradation. Hence, 100 mg 

of g-C3N4/CoFe2O4 nanocomposites is an optimum amount for the degradation of MB (5 mg/L). 
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Figure 4. 10 The effect of dosage of g-C3N4/CoFe2O4 (ratio 1) NPs on MB (5 mg/L) 

degradation. 

 

 

 

 

 

 

 



34 
 

5. CONCULUSION 

 

In summary, we have successfully synthesized g-C3N4, CoFe2O4 NPs, and different ratios of g-

C3N4/CoFe2O4nanocomposites. High yield g-C3N4was obtained from pyrolysis of Urea in 

aluminum foil sealed crucible at 550 OC for 3 h. A facile co-precipitation Co
2+

and Fe
3+

salts result 

the formation of cobalt ferrite nanoparticles with highly crystalline cubic spinel structure. 

A simple co-precipitation of cobalt ferrite salts onto g-C3N4was employed for the synthesis of g-

C3N4/CoFe2O4nanocomposite. The effective synthesis of the desired product was investigated by 

powder XRD and FTIR analysis. The formation of the desired phases of g-C3N4and its 

composites validated by XRD investigations. 

 The pHpzc was done to investigate the surface charge of the composites as a function of pH of 

the solution. The photocatalytic degradation efficiency of g-C3N4/CoFe2O4nanocomposites was 

investigated by the degradation of MB. The photocatalytic performances of g-C3N4/CoFe2O4was 

found to be maximum than pure g-C3N4 and CoFe2O4, this due to the synergetic effect between 

g-C3N4 and CoFe2O4. The spectra obtained by UV-Vis, and other characterization techniques 

also revealed that the g-C3N4/CoFe2O4 composite could be easily separated from the solution 

after reaction, and possessed good visible light response, high chemical stability, and low 

recombination rates of photo excited charges, which contributed to its high photocatalytic 

efficiency. This work provides a facile synthesis method to synthesize magnetic composite g-

C3N4/CoFe2O4, which is a promising photocatalyst for environmental application. 
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