
IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 09 Issue 05, May 2022  

ISSN (Online) 2348 – 7968 | Impact Factor – 6.72 

www.ijiset.com  

Photocatalytic degradation of coralene yellow 7 GD 
Dye using synthesized MgZnAl2O5 nanoparticle 

under UV light (254nm) 
Madhusudhana N, Yogendra K*, Yuvaraj 

 
  

Department of P.G Studies and Research in Environmental Science, Kuvempu University, Jnana Sahyadri, Shankaraghatta, Shivamogga, 
Karnataka, India.  

 
* Correspond Author: Professor and Principal Investigator, VGST sponsored research project under CISEE Scheme (GRD 
No.859) email: yogendraku@gmail.com, Mob no: +91-9448149461 

Abstract 
The MgZnAl2O5 nanoparticles were generated in this work using solution combustion method with urea as a fuel. These nanoparticles 
were characterized by XRD, SEM, and UV-absorption spectroscopy. Under artificial UV light, the Photocatalytic Activity of produced 
nanoparticles were employed to destroy Coralene yellow 7GD by altering parameters such as dye pH, dye concentration, and catalyst 
concentration. The photocatalytic degradation of coralene yellow 7GD dye effluents is more effective in treating Coralene yellow 7GD 
dye effluents. This technology is environmentally friendly, and dye degradation processes under UV radiation are simple to implement. 
Keywords: Coralene yellow 7 GD, MgZnAl2O5, Nanoparticle, UV light, Photocatalytic Activity. 

1. Introduction 

Water is a clear and colourless substance that is essential to all living organisms. When contaminants are dumped into water 
bodies, either directly or indirectly, without proper treatment to eliminate dangerous substances, water pollution develops. 
After air pollution, it is the second most important environmental issue. Water contamination is becoming a significant 
threat in many developing countries as a result of different human activities. The most serious aspect of water-pollution is 
caused by industrialization. Waste water produced by industry comprises organic and inorganic elements that degrade water 
quality and harm flora and fauna. The industrial effluent that present in water may alter the physico chemical character, they 
are acidity, alkalinity, temperature, hardness, BOD, COD etc., Accumulation of heavy metals may cause cancer, 
reproductive abnormalities and also some water borne diseases [1].  There are various micro-biological agents such as 
bacteria, viruses and protozoa which can also cause water pollution and may cause various water-borne diseases. So before 
leaving the waste water it should be treated, then pollution rate may decrease. The treatment methods include physical, 
chemical and biological method [2]. 
 
The most common colourants used to add or change the colour of anything are dyes and pigments. At some point during the 
colouring process, a dye must be soluble in the application media, which is commonly water.  In contrast to dyes, whose 
coloristic properties are almost exclusively defined by their chemical structure.  There are generally two types based on their 
origin i.e., Natural dye: The majority of natural dyes from plant sources like roots, berries, bark, leaves and wood, fungi and 
lichens. Synthetic dye: The dyes which are used for coloring are human made organic dyes. 
 
Plant-based dyes such as wood, indigo, saffron, and madder were raised commercially and were important trade goods in 
the economies of Asia and Europe. Across Asia and Africa, patterned fabrics were produced using resist dyeing techniques 
to control the absorption of color in piece-dyed cloth. Mauveine, the first human-made (synthetic) organic colour, was 
discovered by chance by William Henry Perkin in 1856. Many thousands of synthetic dyes have since been prepared. 
Synthetic dyes quickly replaced the traditional natural dyes. They cost less, they offered a vast range of new colors, and they 
imparted better properties to the dyed materials. [3]. 

 
Azoic dyeing is a technique in which an insoluble azo dye is produced directly onto or within the fiber. This is achieved by 
treating a fiber with both diazoic and coupling components. With suitable adjustment of dye bath conditions the two 
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components react to produce the required insoluble azo dye. This technique of dyeing is unique, in that the final color is 
controlled by the choice of the diazoic and coupling components. This method of dyeing cotton is declining in importance 
due to the toxic nature of the chemicals used. Textile wastewater contains a wide range of dyes and chemicals, posing an 
environmental problem for the textile sector not only as a liquid waste, but also in terms of chemical makeup. Dyeing and 
finishing procedures were the main sources of pollutants in textile effluent. These processes necessitate the use of a 
diverse set of chemicals and dyestuffs, the majority of which are organic molecules with a complicated structure. It has 
been documented that residual colour is usually due to insoluble dyes which have low biodegradability as reactive blue 21, 
direct blue 80 and vat violet with COD/BOD ratio of 59.0, 17.7 and 10.8 respectively. [4]. 
 
Dyes are not easily degraded by biological activity due to their high chemical properties or strong chemical bonds. As a 
result, numerous treatment technologies for textile industry effluents have been developed. The removal of wastewater 
from an aqueous solution is accomplished using a variety of physico-chemical treatment processes. Although biological 
methods are effective at removing COD, they do not remove all of the colour because their complex aromatic molecular 
structures resist degradation. However, these methods are expensive, ineffective, and non-destructive; they simply transfer 
pollutants from one form to another and generate secondary waste products. As a result, new treatment technologies must 
be developed in order to eliminate contaminants from wastewater. 
 
AOPs are promising methods for the remediation of wastewaters containing recalcitrant organic compounds such as 
pesticides, surfactants, coloring matters, pharmaceuticals, phenolic wastes and endocrine disrupting chemicals. Advanced 
oxidation process is a set of processes involving the production of very reactive oxygen species able to destroy a wide 
range of organic compounds. 
 
Photocatalytic degradation means using energy from light to excite nanoparticles to degrade dyes and produces less 
harmful by products. These substances are invariably semiconductors. Semiconducting oxide photocatalysts have been 
increasingly focused in recent years due to their potential applications in solar energy conversion and environmental 
purification. Recently TiO2 and ZnO have been used as effective and nontoxic semiconductor photocatalysts for the 
degradation of wide range of organic chemicals, synthetic dyes as well as super hydrophilic and anti-bacteria properties 
[5]. 
 
Over the years the combustion synthesis has emerged as an important technique for the synthesis and processing ceramics 
(structural and fictional), catalysis, composites, alloys , inter metallic and for Nano-materials. In any combustion process, 
the reactant mixture (fuel and oxidizer) can be hypergolic (ignite by contact) or is ignited in a controlled way by an 
external source [6]. 

 

2. Materials and methods 

2.1 Synthesis of MgZnAl2O5 
 
The nanoparticles were prepared by solution combustion synthesis, a mixture of stoichiometric amounts of Magnesium 
nitrate (7.69g), Zinc nitrate (8.92g), Aluminium nitrate (22.50g) and Urea (1.51g) was dissolved in a minimum quantity of 
water in a silica crucible (100 mm size). The mixture solution was introduced into the muffle furnace which was preheated 
at 500·C. The solution undergoes dehydration and catches fire by spreading throughout the mass, finally yielding 
MgZnAl2O5 nanoparticles. The obtained MgZnAl2O5 was crushed in a mortar to make the MgZnAl2O5 amorphous. Thus, 
MgZnAl2O5 is formed. According to propellant chemistry the reaction is as shown below. [6] (Stella and Nesaraj, 2010). 
 
3Mg(NO3)2 + 3Zn(NO3)2 + 6Al(NO3)3 + 25NH2CONH2 → 3MgZnAl2O5 + 50H2O + 25CO2 + 40N2                                                          
(Eq. 4) 
 
 
2.2 Characterization of Nanoparticles 
2.2.1 X-ray diffraction technique (XRD) 
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X-ray diffraction is a versatile, nondestructive that reveals detailed information about the chemical composition and 
crystallographic structure of natural and manufactured materials. XRD was performed by Rigaku diffractometer using Cu-
Kα radiation (1.5406 Å) in a θ-2θ configuration [7] According to the Debye Scherrer’s formula: 

 
   ------------- (Eq. 5) 
 

Where, 
D = Thickness of the crystallite 

K = 0.90 the Scherrer’s constant (dependent on crystallite shape) 
λ = X-ray wavelength 

β = the peak width at half-maximum (FWHM) 
θ = the Bragg diffraction angle 

According to the XRD the average crystallite size of MgZnAl2O5 was found to be 23nm. 
 

 
Fig 1: X-Ray diffraction of MgZnAl2O5 

2.2.2 Scanning Electron Microscope (SEM): 
The SEM is a microscope that uses electrons instead of light to form an image. The technique in which SEM is used to 
characterize the materials is called Scanning Electron Microscopy.  

 
2.2.3 SEM study of MgZnAl2O5 
 
Photo 1 illustrates SEM photographs of single crystals of MgZnAl2O5. The photographs revealed combination of cluster 
structure morphology with plate like structure which looks like a colony. The enlarged image shows the uneven size and 
shape of the different nanoparticles, which also reveals the thick attachment and agglomeration of Nanoparticles over one 
another. 

 

   
Photo 1: SEM photographs of MgZnAl2O5 nanoparticles 
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2.2.4 UV absorbance spectroscopy 
Absorption spectra of the MgZnAl2O5 metal oxide nanoparticle was recorded using UV-VIS spectrophotometer 
(Systronics–169) over the wavelength range 200-800 nm at Nano Research Laboratory, Department of Nanotechnology, 
Kuvempu University. From this spectrum, it has been inferred that, the nanoparticles have sufficient transmission in the 
entire visible and IR region. The band gap energy of the MgZnAl2O5 nanoparticle was calculated using the following 
simple conversion equation. The band gap equation is calculated using the Planck’s equation as follows. 

 
Band Gap Energy E= h × C/λ    (Eq. 6) 

h= Planck’s constant, C= Velocity of light (speed of light), λ=wavelength of light 
h=4.135× 10-15eV, C= 3×108 m/s, λ= ---------× 10-9 nm 

Band gap energy (eV) = 4.135 × 10-15 eV × 3 × 108 × 109 
Band gap energy (e V) = (1240/ wavelength (nm)) 
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Fig 2 : UV absorbance spectroscopy 

The band gap energy of MgZnAl2O5 is found to be 3.0 eV with this we can say that the band gap of the semiconductors has 
been found to be particle size dependent. 

3. Result and Discussion 

3.1 Experimental Procedure 
Coralene yellow 7GD dye has the appearance of yellow in colour. An azo dye, Coralene yellow 7GD is widely used in the 
biological staining, printing and dyeing, leather, ink, lithography etc. From these earlier studies we synthesized MgZnAl2O5 
nanoparticle was selected for this study. Photocatalytic dosages from 0.01g, 0.02g, 0.03g upto 0.1g were tested on the 
Coralene yellow 7GD sample of 30ppm concentration and 10ml quantity. The suspension pH values were adjusted by using 
0.1N NaOH and Hcl solutions using pH meter. Before irradiation, photocatalyst suspension was stirred in the dark to ensure 
the adsorption equilibrium and it was kept in UV chamber for the photocatalytic degradation. After every 30 minutes the 
suspension was sampled and centrifuged and the process was repeated at 60, 120, 180, 240 and 300 minutes. The residual 
concentration of the solution sample was monitored by using spectrophotometer at 438nm. The experiments were conducted 
in different pH range from 2 to 11 in order to study the efficiency of nanoparticle in acidic, alkaline and neutral conditions.  
The data obtained from the photocatalytic degradation experiments were used to calculate the degradation efficiency ‘D’ 
using (Eq. 7). 

 
D= (A0-At/A0) ×100                               (Eq. 7) 

Where, A0 is the initial absorbance of dye solution 
At is absorbance at time‘t’. 

 
3.2 Effect of Catalyst Concentration under UV light. 
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The effect of catalyst concentration on the photocatalytic degradation was studied over a range of the catalyst amount from 
0.01 to 0.1g/10ml of Coralene yellow 7GD dye. The synthesized nanoparticle shows appreciable results. The MgZnAl2O5 
with the nanoparticle size 23 nm has shown 90.08% degradation. Since, the photo degradation was very efficient at 
0.08g/10ml in 300 minutes for MgZnAl2O5 nanoparticles concentration showed in (Fig.3) (Photo 2). 
 
The increase in degradation rate can be explained in terms of availability of active sites on the catalyst surface and UV 
light penetration into the suspension as a result of increased screening effect and scattering of light. A further increase in 
the catalyst amount beyond the optimum dosage for all the nanoparticles decreases the photo degradation by some margin. 
This may be due to overlapping of adsorption sites as a result of overcrowding owing to collision with ground state 
catalyst [8]. 
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Fig 3: Effect of catalyst concentration on dye solution at 300 minutes=30 ppm, pH=7 

 

 
 

Photo 2: Effect of catalyst concentration on Coralene yellow7GDdye at 300 minutes=30 ppm, pH=7 

 
3.3 Mechanism of Photocatalytic Activity 

 
MgZnAl2O5 + hʋ → (e-CB + h+VB)        (Eq. 8) 

 
Step 1: The nanoparticles under sunlight irradiation get excited and transfer electrons to the conduction band. 

e-CB
 + O2 → O2

•−       (Eq. 9) 
 

Step 2: It can reduce molecular oxygen and produce the super oxide radical. 
H2O + O2

•− → OOH• + OH−      (Eq. 10) 
2OOH• → O2 + H2O2       (Eq. 11) 
O2

•− + Coralene yellow 7GD → Coralene yellow 7GD-OO•   (Eq. 12) 
 

Step 3: Molecular oxygen, adsorbed on the surface of the photo catalysts prevents the hole-electron pair recombination 
process [9]. Recombination of hole-electron pair decreases the rate of photocatalytic degradation. This radical may form 
hydrogen peroxide or organic peroxide in the presence of oxygen and organic molecule. 

OOH• + H2O + e-CB → H2O2 + OH−     (Eq. 13) 
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Step 4: Hydrogen peroxide can be generated in another path. 

H2O2 + e-CB → OH• + OH−      (Eq. 14) 
H2O2 + O2

•− → OH• + OH−+ O2      (Eq. 15) 
 

Step 5: Hydrogen peroxide can form hydroxyl radicals which are powerful oxidizing agents. 
OH• / O2

•−/ MgZnAl2O5
•++  Coralene yellow 7GD → Coralene yellow 7GD degradation (Eq. 16) 

 
Step 6: The radicals produced are capable of attacking dye molecules and degrade them. 
 
3.4 Effect of pH under UV light 
 

In order to study the effect of pH on the degradation efficiency of MgZnAl2O5 catalyst, the experiments were carried out 
at pH ranging from 2 to11. The results showed that pH significantly affected the degradation efficiency. The percentage of 
degradation of Coralene yellow 7GD was increased from 53.82% to 91.83% from pH 2to 9, and decreases to 75.19% at 
pH 11 in 300 minutes for 0.08g/10ml. The maximum degradation was found at pH 9 of 91.83%. The experimental results 
show that, the degradation was effectively in pH 9 due to the interaction between the dye and nanoparticles leads to 
generation of OH• in the Alkaline medium and these hydroxyl radicals are the species responsible for the 
photodegradation. Above the pH 9 the degradation is decreased due to amphoteric nature of the catalyst and electrostatic 
repulsion between negatively charged dye molecules and the catalyst [10]-[12]. Thus, the adsorption is mainly depending 
on the pH of the solution. 
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Fig 4: Effect of pH on dye at 300 minutes 

 

 
 

Photo 3: Effect of pH on dye at 300 minutes 
 

3.5 Effect of Initial Dye concentration under UV light 
The experiments were conducted to study the effect of initial dye concentration by varying the Coralene yellow 7GD dye 
concentration from 30 ppm to 60 ppm. The results obtained for MgZnAl2O5 (Fig. 4) (Photo 3) is 91.83% for 30ppm, 
58.37% for 40ppm, 37.99% for 50ppm and 20.89% for 60ppm, the experimental result illustrated that the degradation 
efficiency was directly affected by the concentration of the solution. The decrease in the degradation with an increase in dye 
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concentration was ascribed to the equilibrium adsorption of dye on the catalyst surface which results in a decrease in the 
active sites, this phenomenon results in the lower formation of OH· radicals which were considered as primary oxidizing 
agents of the dye [13], [14]. According to Beer Lambert law, as the initial dye concentration increases, the path length of 
photons entering the solution decreases. This results in the lower photon adsorption of the catalyst particles, and 
consequently decrease photocatalytic reaction rate [15]. 
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Fig 5: Effect of initial dye concentration on the photocatalytic degradation of Coralene yellow 7GD g / 30ppm, 40ppm, 50ppm, 60ppm 

 

 
 

Photo 4: Effect of initial dye concentration on the photocatalytic degradation of Coralene yellow 7GD g/30ppm, 40ppm, 50ppm, 60ppm 

 
3.6 Effect of light 
The photocatalytic degradation of Coralene yellow 7GD (30mg/L) under two different experimental conditions were 
examined, i.e., through dye/dark/catalyst and dye/UV light/catalyst. Coralene yellow 7GD dye solution when exposed 
directly to the UV light without the catalyst, the degradation was found to be zero during the entire experiments. The 
degradation rate was found to increase with increase in irradiation time, for dye/UV light/MgZnAl2O5 achieved 91.83%, 
and for dye/dark/MgZnAl2O5 2.97%was recorded (Fig 6). These results clearly indicate that photodegradation occurs 
most efficiently in the presence of UV light (Photo 5). Under UV light, excitation of electrons from the catalyst surface 
takes place more rapidly than in the absence of light [16]. 
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Fig 6: Effect of sunlight irradiation with respect to Dark condition and UV light condition on photocatalytic degradation of Coralene yellow 7GDin 300 

minutes 

 
Photo 5: Effect of sunlight irradiation with respect to Dark condition and UV condition on photocatalytic degradation of Coralene yellow 7GDin 300 

minutes 

4. Conclusions 

Coloured dyes are the substances used to coloring the cloths and are increased in our environment, causing potential harm 
to environment. Different kinds of dyes are used in different industries they are natural dye and even synthetic dyes. The 
natural dyes that are not harmful because it is extracted from plants, animals but synthetic dyes are causing effects to the 
environment due to their non-biodegradability and toxicity. During the coloring process, the large percentage of synthetic 
azo dyes is lost in water through effluent and effects on aquatic bodies and plants. Now a day’s most of dyes available in 
market are azo dyes. The breaking of these bonds by naturally is very difficult so it causes more pollution to the 
environment. Hence the treatment of these coloured dyes is most important to protect our environment from pollution. 
 
In the present study, the MgZnAl2O5 nanoparticles were prepared by solution combustion method using urea as a fuel and 
the result suggested that, the average particle size was found to be 23nm and band gap was found to be 3.0eV and these 
nanoparticles have been used in industries and medical application. The Photocatalytic Activity of synthesized 
nanoparticles was used to degrade the Coralene yellow 7GD under artificial UV light and by varying the parameters such 
as, pH of the dye, dye concentration and catalyst concentration. The optimal catalyst concentration was found to be 
0.08g/10ml with dye concentration 30ppm and the pH 9was maintained by 0.1 N HCl and 0.1 NaOH. The maximum 
degradation was found to be 91.83% in 300 min. The method of photocatalytic degradation of Coralene yellow 7GD is 
more helpful in treating Coralene yellow 7GD dye containing textile effluents. This method does not cause any harm to the 
environment and easily adoptable dye degradation techniques under UV light and this can be applicable in large scale 
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