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ABSTRACT 

Graphene reinforced metallic nano composites are synthesized with wet chemical synthesis. 

The efficiency of these synthesized nano composites as photo catalyst in the catalytic 

degradation of reactive red dye as well as fuel additives is observed. Graphite is used as 

precursor for the synthesis of graphene at laboratory scale. The synthesized graphene sheets 

are further used during the synthesis of graphene composites incorporated with metallic nano 

particles. During the synthesis of graphene based metallic composite the graphene oxide is 

converted to reduced graphene oxide. The nano composites of rGO-Mn2O, rGO-ZrO2, rGO-

BiO2 and rGO-ZnAl2O are synthesized using solvothermal and co-precipitation methods of 

wet chemical approach. Graphene oxide (GO) is converted to GO suspension using 

ultrasonic treatment for its exfoliation before to use in the synthesis procedure of composites. 

SEM and TEM techniques are used for the morphological characterization of synthesized 

nano composites. Results obtained through XRD technique are evaluated using Match and 

VESTA software for structure and sample purity investigation. VESTA is used to draw 

structures of the synthesized products. The synthesized nano composites are subjected as 

catalyst in photocatalytic removal of the given dye. UV-Visible spectrophotometer is used to 

monitor the decreases in absorbance at lambda max 520 nm. Effect of different parameters 

including catalyst concentration, hydrogen peroxide concentration as well as temperature on 

the efficiency of these synthesized nano composites is observed. The nano composite of 

rGO-Mn2O showed the best catalytic behavior towards dye degradation. Effect of these nano 

composites on physical properties (kinematic viscosity, specific gravity, cloud and pour 

points) and combustion properties of fuel are analyzed using diesel as fuel. Effect of 

concentration of these nano composites on the properties of fuel is also studied. Fuel blended 

with nano composite particles showed better  
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CHAPTER-1 

INTRODUCTION 

 

Nano technology has attracted the word due to its vast area of applications in almost 

all the fields of synthetic as well as some natural mechanisms. Owing to superb properties of 

nano materials as compared to their bulk counterparts they replace them in many fields. The 

use of less quantity of nano materials as compare to bulk compounds make the nano particles 

economic for many applications where the bulk ones demands high cost criteria. Nano 

technology has spread in almost all fields of industries like textile, pharmaceutical, 

metallurgy, environment sciences and different other fields of science. On the basis of 

structure the nano particles are divided into different classes. These nano particles show 

different behaviors on the basis of their structure (Lee et al., 2017). 

1.1 Approaches to synthesize nano particles 

Two approaches to synthesize particles in nano range are discussed 

1.1.1 Top down approach 

This approach deals with the conversion of bulk material to nano range particles 

through various techniques as chemical exfoliation, mechanical exfoliation and electrical 

exfoliation. Attrition and milling are two ways to carry out the synthesis of nano range 

particles. Bulk materials are sliced into nano sized particles of various ranges using this 

approach. Top down approach involves the removal of crystal planes from to form nano 

sized materials.    

1.1.2 Bottom up approach 

This approach involves the combination of small entities to get a product. Atoms are 

stacked with each other to give rise crystal planes which further combine to give materials in 

nano range. Thus in bottom up approach building blocks are combined with each other. 

Techniques used for bottom up approach are gas phase and wet chemical methods of 

synthesis like hydrothermal, sol gel and chemical vapor deposition etc. This is mostly used 

for nano sized materials as the obtained product have less chances of effects, homogenous 

and orderly arranged (Pourbeyram et al., 2016). A schematic diagram of these two 

approaches and methods comes under this category are shown in Fig 1.1. 
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Fig: 1.1 Synthetic approaches for nano particles 

 

1.2Synthesis methods of nano materials 

Different methodologies are employed for nano particles having small size, porosity 

and good morphology (Laun et al., 2017). These methods are classified as 

1.2.1 Physical method 

In this method only physical or electrical strategies are employed to synthesize nano 

material. Chemical and physical vapor deposition is some of the most commonly used 

method. Mechanical synthesis also comes under the category of physical method. Electric arc 

is another physical method used for the synthesis purpose. The bottom up as well as top 

down approach is used in physical synthetic methods. The synthesized nano material will be 

free of chemicals (Mallakpou et al., 2018). Fig 1.2 shows the techniques which comes under 

physical methods for the synthesis of NPs. 
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Fig: 1.2 Synthetic techniques which uses physical methods 

 

1.2.2 Chemical methods 

This method involves the use of chemical interaction during chemical reaction for the 

synthesis of nano particles (Figure 1.3). Although this method relies on the use of chemicals 

but becoming mostly used method due to cost effectiveness. The products formed through 

this method showed better morphologies and properties than the other ones. Sol gel method 

is a chemical technique in which agitation is done at specified temperature to form the gel 

which is separated by centrifugation from solvent for further treatment. Most commonly used 

chemical method is hydrothermal treatment at specified temperature above the boiling point 

of the solvent used as medium. Microwave treatment and ultrasonic technique is used in 

microwave assisted and sono-chemical approach respectively (Jana et al., 2017).  
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Fig: 1.3 Techniques used in chemical synthesis 

 

1.2.3 Biological methods 

Biological methods are safe to use as there is less use of chemicals and a green synthesis 

method for nano particle production. This technique is cheap due to use of natural resources. 

In this technique plant extracts or agricultural waste materials are used which otherwise have 

no use and make this technique cost effective. Use of enzymes in biological synthesis 

methods is another new and green approach in nano technology; this makes the combination 

of bio and nano technology (Kanodarwala et al., 2014). In Fig 1.4 natural resources for 

biological synthesis methods of nano particles are given. 
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Fig: 1.4 Natural resources used in biological methods 

 

1.3 Applications of nano particles 

Nano technology has become an emerging branch in every field of study. It spreads vast 

applications in every field of life due to tremendous properties they adhere (Fan et al., 2014). 

Some applications are in electrical devices, in optical devices, in biotechnology, in textile 

industry, in cosmetic industry, in food packaging, in defense & security, in medical field, in 

energy conversion and storage, in environment remediation etc. nano particles serve as drug 

delivery agents in the medicines because of small size of these particles they can enter the 

membranes and make the delivery of adsorbed material easy.  Polymer matrix nano particles 

are used in artificial body parts now a day’s especially in hip joints and teeth due to high 

tensile strength of these particles. The most important application of nano particles is for 

environment remediation. Nano particles serve for the removal of waste materials from 

environment very efficiently. 
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1.4 Nano technology in environment remediation 

As the industrialization increases to accomplish the demands of increasing population 

the natural environment becomes more and more contaminated with the passage of time. The 

industrialization is compensating the demands of increasing population but on the other hand 

dump of industrial waste to water, air or land without processing is destroying the natural 

fresh environment. So, there is need to produce materials and techniques to save the 

environment from being destroyed with these contaminants. Especially the water which is the 

major constituent of both aquatic and terrestrial life is contaminating day by day due textile, 

pharmaceutical, metallurgy, fuel and other industries. Increasing demand of textile fabric in 

the word has increased the contamination of fresh water which is only the 1% of total aquatic 

system of the earth. Textile industry dump tons of their waste water containing dye effluents 

and other organic pollutants into water systems which causes contamination in ground water 

also used for drinking and other domestic purposes. This contamination in water causes 

serious diseases and harms for aquatic life and for humans as well (Huo et al., 2017). 

In this regard many techniques have been employed in the treatment of contaminated water 

to make it pure. Water contaminants from industries mainly include heavy metals, dyes and 

some other chemical entities which once entered into the water system are tricky to 

eliminate. Various techniques which are being used for the decontamination of water from 

past decades are solvent extraction technique, filtration methods which include ultra or micro 

filters, sedimentation method, precipitation or coagulation method, ion exchange method, 

evaporation or distillation and adsorption. All these techniques may account high cost as well 

as not completely decontaminate the water. Among these techniques adsorption method gives 

better results but serve the problem of using large scale quantities of bulk adsorbents used 

which makes it costly (Radhika et al., 2016).The use of nano particles can overcome these 

problems due use of less quantity which make them good adsorbents. Other technology 

evolved in this field is the use of nano membranes. Nano particles also served in photo-

catalyzed adsorption-degradation reactions for the removal of dyes and other organic 

contaminants (Ranjith et al., 2017). 
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Fig: 1.5 Uses of nano particles in waste water treatment 

 

1.5 Nano materials as nano catalysts 

Catalysts basically alter and control the reaction rate. Nano-catalysts under 

electromagnetic irradiation catalyze the photo degradation reactions for the removal of 

organic as well as inorganic pollutants. Such nano catalysts are also termed as photo-

catalysts. In the phenomenon of photo-catalysis the nano-material that is acting as photo-

catalyst when irradiated absorbs light energy in the form of photons from ultraviolet or 

visible region of the electromagnetic radiation. The absorption of light generates electronic 

excitations inside the nano catalyst which is responsible for the formation of electron hole 

pairs having energy rich states. This energy rich nano-catalyst system precedes the 

degradation reaction through exchange of energy or electrons in which it may act as acceptor 

or donor (Santhosh et al., 2016).Characteristics of a nano material to behave as a good nano-

catalyst includes large specific surface area, extent to absorb light energy, low cost, extensive 

active sites to adsorb and degrade the pollutants, easily removable, high pore volumes and 
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good adsorption capacities. Commonly used nano-catalysts used in photo degradation 

reactions are carbon based nano materials and metal/metal oxide nano particles. 

1.5.1. Carbon based nano-catalysts 

This type of nano materials attracts the attention of scientists to save the natural 

systems from pollutants using these nano-catalysts. These materials contain good adsorption 

and degradation abilities. These materials contain simple carbon materials or their 

composites with metals or polymers. This class of material posse’s primarily two types of 

nano particles using as waste remediates are carbon nano tubes and graphene and graphene 

based composites 

1.5.2 Carbon nano tubes 

Carbon nano tubes or fullerene are the allotropic form of carbon possessing various 

types of hollow structures. Their shape is cylindrical in rolled tube like structures. These 

materials were used for waste pollutants treatment due to hollow structure and porosity. The 

drawback of using CNTs as photo-catalyst is the poor ability of these nano tubes to absorb 

light energy and less dispersion aptitude. These are also difficult to recover from water 

systems. These negative aspects of CNTs limit their use as photo-catalyst in aquatic systems. 

Though the surface modification of these carbon nano tubes is one of the good strategies to 

overcome these drawbacks but economical chart to use CNTs for waste treatment may 

disturb. So other approaches should be developed to overcome these draw backs (Hiew et al., 

2018). 

1.5.3 Nano composites of graphene 

Graphene is an emerging field in nano science. The first synthesis of graphene was 

reported in 2004. It is simply synthesized by graphite through various approaches. It 

possesses exclusive catalytic, electrical, mechanical and adsorption properties as well as 

show good conductivity and porosity which make it suitable to use in many applications. It 

can endure high pressure owing to its light weight and high tensile strength. The graphene 

shows unique properties which are responsible for its large use in catalysis. Due to high 

surface area it contains extensive oxygentated species and increased adsorption capacity for 

the adsorption of pollutant molecules thus increasing the adsorption and degradation rates of 

the reaction. The high electron mobility further fastens the reaction of photo degradation with 
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the absorption of light energy (Dashairya et al., 2018).There are two precursors of graphene 

used in catalysis and various synthesis protocols of graphene based materials given as 

 

 

Fig: 1.6 Precursors of graphene 

 

1.5.4 Graphene Oxide 

Single layer of graphite possessing numerous oxygen functionalities increase the 

efficiency of GO. These oxygen containing groups includes hydroxyl groups (OH-), acidic 

carboxyl groups (COOH-), and carbonyl groups (C=O). These oxygen containing entities 

attached the metal oxide strongly to the surface through electrostatic interactions. Profusion 

of excessive oxygen on the surface of oxidized graphene proves a better interfacial 

attachment with metal nano particles. These oxygen containing groups makes the GO 

hydrophilic in nature with high adsorption capacities. These groups of GO attach the heavy 

metals and organic pollutants on the surface and makes their removal easier. One drawback 

to use GO is the production of defects during composite formation with metal oxides. This 
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problem can be handled by reducing the GO during wet chemical approaches. During the 

hydrothermal process GO automatically reduced to rGO if not then some suitable reducing 

agents may b used (Petronella et al., 2017). 

 

 

 

Fig: 1.7 GO with oxygenated species on the surface 

 

Graphene oxide has honey comb like structure in which each carbon is sp2 hybridized 

forming a two dimensional arrangement of atoms. This structure provides the tensile strength 

to it and increases the surface area thus enhances the adsorption ability of graphene. 

Graphene oxide sheets are highly oxidized possessing negatively charged oxygenated species 

like OH, COOH and oxygen on the surface which act as adsorption sites for the incorporation 

of metal oxide nano particles. Structure of GO show porosity, which is responsible to 

increases the adsorption capacity especially for gas molecules. Porosity of graphene oxide 

sheets is very important for the environmental remediation. 
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Fig: 1.8 Structure of graphene with defects in sheet 

Figure 1.8 showed the defects which are due to incomplete oxidation and mishandling 

of reaction parameters during the fabrication. During the synthesis of GO strong acids and 

oxidizing agents are used so the reaction conditions and amount of these chemicals along 

with temperature are some of the important parameters which should be considered during its 

preparation. Temperature of every step of graphene oxide is somehow different and should 

be maintained carefully to avoid the defects. During the addition of potassium permanganate 

the temperature should be kept below 10oC which makes the oxidation of graphite more 

accurately. Temperature after the addition of potassium permanganate is kept at 30 to 35oC 

during stirring until brown paste is formed. Ice bath is used during this step because addition 

of KMnO4 produces heat which is accomplished by ice bath around the reaction mixture. 

Amount of KMnO4 is also important as to provide enough oxidation sources to graphite used, 

1:6 is mostly recommended for this purpose. Precautions in such parameters during the 

synthesis rout can prevent the formation of defects in the graphene sheet. These defects can 

lower the tensile strength and electron mobility of the synthesized product.          
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1.5.5 Reduced/pristine graphene 

This is the reduced form of graphene having less or no oxygen containing groups 

making it hydrophobic in nature. Hydrophobicity of reduced graphene oxide makes it easy to 

remove from water at the end of adsorption/degradation reactions. The reduced graphene 

when used as a precursor in the form of sheets can be aggregated which inhibit the 

interaction of metal nano particles on its surface. To get better results GO is used as a 

precursor and reduced during the formation of nano composites with metal/metal oxides (Qin 

et al., 2017). 

1.6 Graphene-metal nano composites 

Graphene attaches the metal nano particles on its surface via electrostatic interaction. 

Especially the oxygen entities on the surface of the GO are responsible for the adsorption of 

metallic nano particles on the surface. Graphene based materials serves as good nano 

catalysts showing better results in adsorption-degradation experiments of organic pollutants 

removal (Das et al., 2018).Graphene provides support matrix and enhances the light 

adsorption capacity of metal oxides which was otherwise a drawback for simple metal oxides 

to use in photo degradation reaction. Graphene make the adsorption capacity of the metal 

composite better than the metal nano particles alone owing to extensive active sites present 

on it. Another drawback of simple metal oxide nano particles in photo degradation reactions 

is the generation of electron hole pair. The graphene in GMNC serves to prevent the 

generation of electron hole pair via π-π interactions which reduces the band gap and enhances 

the degradation rate in the photo degradation process. It makes the removal of dyes and other 

organic pollutants easier. Instead of simple graphene or simple monometallic particles, the 

graphene composites show more appropriate to use as nano catalysts in photo degradation 

reactions. 

Metal oxides on the other hand makes the removal of GO from aquatic systems easier at the 

end of photo degradation which was otherwise a problem of using graphene alone due to its 

hydrophilic nature (Kaur and Pal, 2016).There are two types of graphene-metal nano 

composites depending upon the magnetic behavior of the metal/metal oxide termed as 

 Magnetic nano composites 

 Non-magnetic nano composites 
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These magnetic and non-magnetic nano composites are further divided into mono-

metallic/metal oxide nano composites and bimetallic nano composites. Graphene-metal oxide 

nano composites show tremendous properties toward photo degradation reactions as mention 

above. Bimetallic nano composites show somehow better properties. 

1.7Graphene synthesis 

Simple approaches are used for the synthesis of GO and rGO with no need to use any 

complex instruments or severe conditions. Graphite is used for the synthesis of GO. Different 

approaches of GO synthesis are as follows 

 Brodie synthesis 

 Staudenmaier synthesis 

 Hoffman synthesis 

 Hummers method 

Graphite is used as starting material in all the methods of grapheme synthesis along with 

reducing agents. These approaches are shown in Fig in the form of flow sheet diagram. 

Hoffman and Hummers are the most commonly used synthesis approaches for GO now a 

day’s which are discussed below 

1.7.1 Hoffman method 

In this method sulphuric acid along with nitric acid is used to prepare graphite 

suspension in the presence of ice bath to maintain the temperature below 4oC. Potassium per 

chlorate is then added for oxidation. Keep the mixture on agitation for 2-3 days to complete 

the oxidation. After the oxidation water and hydrochloric acid are added and washed the 

mixture thoroughly then dried to get GO (Lujaniene et al., 2017). 

1.7.2 Hummer’s method 

This approach of GO synthesis relies on only the use of sulphuric acid to lessen the 

use of strong acids like nitric acid. Sodium nitrate is used along with graphite to make the 

suspension of graphite in sulphuric acid. Potassium permanganate is used for oxidation of 

graphite in the presence of ice bath at 0oC. The mixture is then left on stirring and hydrogen 

peroxide is added to stop the reaction. Washing and drying is done to get GO (Soltani and 

Lee, 2016). 
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Fig: 1.9 Methods for the synthesis of GO 

 

1.8Syntheses of graphene-metal nano composites 

A wet chemical approach has been employed mostly to synthesis graphene-

metal/metal oxide nano composites. These synthesis approaches include 

hydrothermal/solvothermal method, sol-gel method and reflux method. 

1.8.1 Hydrothermal approach 

The hydrothermal approach deals with the treatment of precursor materials at high 

temperature and pressure. Normally the temperature above 100oC is used for solvothermal 

approach. The solvent used for the synthesis of nano composite is heated above its boiling 

point at high pressure. Before hydro/solvothermal treatment the suspension of precursor in 

suitable solvent along with surfactant/reducing agent is obtained through sonication or 

agitation and treated hydrothermally. After washing and drying the required nano composite 

is obtained (Wu et al., 2016). 
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Fig: 1.10 Hydrothermal method for the synthesis of graphene based composites 

 

1.8.2Precipitation synthesis 

This process relies on the agitation of two different precursors followed by the 

nucleation step. After the nucleation the precipitation takes place by adjusting the pH of the 

mixture during agitation. The synthesized entity becomes insoluble at the end of the reaction 

through precipitation. Precipitates are then divided via filtration or centrifugation at 3000 t0 

4000 rpm. These separated precipitates are then washed and dried to get the nano composite 

(Hong et al., 2012). 
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Fig: 1.11Synthesis of nano composites using co-precipitation method 

 

1.8.3 Reflux method 

This method use thermal acceleration by heating the used solvent at elevated 

temperatures. The vapors of the used solvent condensed back to the reaction system which 

prevents the waste of the solvent. This method is useful to control the reaction conditions and 

all the reaction proceeds at the same temperature (Nupearachchi et al., 2017). 
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Fig: 1.12 Reflux method of synthesis for graphene-metal nano composite 

 

1.9 Factors affecting the properties of graphene nano composites 

Nano particles show better efficiency owing to their size ranging in nano meter, 

which the other materials cannot show. The properties of nano particles differ from bulk 

material. Factors which affect the function of nano particles include size, shape and porosity. 

Using the solvents and reducing agents as well as surfactants like adsorbents can alter the 

morphology of synthesized nano particles. pH of the solution mixture during the preparation 

of nano particles using wet chemical approaches has also a great influence on different 

characteristics of these nano particles. Appropriate techniques should be employed to 

synthesize the nano particles of controlled morphology and structure because these factors 

can alter the efficiency of nano particles in practical use. 
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1.10 Techniques for the characterization of graphene composites 

To analyze the synthesized graphene nano composites different techniques are used. 

Detail of the techniques which are used for the characterization of synthesized nano particles 

during present study for identification, morphology and particle sized determination is 

discussed here. 

1.10.1 XRD analysis 

Solids having crystallinity are analyzed using this technique through different ways 

like emission, florescence, scattering and diffraction methods. Purity of the sample is also 

analyzed by XRD by to the presence of background noise or extra peaks in the spectrum. 

Sharpness of the XRD pattern peaks reveals the purity of the analyzed compounds. Different 

methods are used to generate X-rays which include the use of high energy electron beam to 

bombard on a metal target which emits x-rays, from the x-ray beam produced (primary 

beam) a secondary beam is generated by irradiation of substance with primary beam, some 

radioactive elements emits x-rays during decay their route and synochrotron radiation source 

can also be used for the generation of x-rays. X-rays principle and working works with the 

constructive interference among the analyzed product and coming monochromatic, when it 

fulfills the conditions of Bragg’ law. Bragg’s law states that as the monochromatic beam 

strikes the test sample having crystallinity with the angle (theta), the surface atom scattered 

some of the part of these x-rays. X-rays which are penetrated to inner portion again face 

scattering of some x-rays by atoms present in the inner layers and so on. This phenomenon 

required almost same spacing between the atomic layers with the wavelength of bombarded 

x-rays and the scattering planes must have spatial regular arrangement. Constructive 

interference of x-rays at angle theta required the conditions according to following equation 

nλ = 2d sinθ  

 Processing and counting of the diffracted rays is done after scanning the sample at 2-theta 

angles. Peak is formed only when the sample contain lattice planes and d-spacing enough for 

the diffraction of x-ray.  Diffraction peaks are then converted to d-spacing’s for the purpose 

of identification. The working of XRD is shown in figure 1.13. 
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Fig: 1.13 Principle of XRD working 

 

1.10.1.1 Sample preparation for XRD analysis 

Characterization of solid crystalline samples through XRD is done after a few steps of 

sample preparation. One gram sample (at least) of test material is taken after the purification 

of the sample as much as possible. Sample is grinned massively to get the fine powder which 

is again grinded with a little amount of organic solvent (ethanol) to lower the surface energy 

which can otherwise disturb the position of peaks moreover the grinding of sample using an 

organic solvent reduce the mesh size of particles as mesh size should be less than 10 

micrometer. Sample is then taken to sample holder by distributing the sample on a glass slide 

and pack into sample container or spray on a sticky tape. Reference standard in very minute 

amount can also be added for the purpose of identification along with test sample. 
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1.10.2 SEM analysis 

The SEM technique use the beam of electron focused to the analyzing material to 

give an image of that sample material through scanning of the surface. The interaction of this 

focused electron beam with surface atoms of various depths of the sample give signals in 

response of interaction containing information about the morphological characterization. 

Raster pattern of scanning is used in the sample analysis and image in formed by the 

combination of obtained signals with beam position. Signals are formed in many ways which 

include secondary electrons, cathodoluminescence and reflected electrons etc. the working 

principle is shown in figure 1.14. 

 

Fig: 1.14Instrumentation of scanning electron microscope 

 

1.10.2.1 Sample preparation for SEM analysis 

Sample preparation of synthesized nano particles for SEM analysis is followed by the 

preparation of slurry by dissolving nano particles in small amount of organic solvent. The 

slurry is then pasted on the carbon tape to form a uniform film. The nano particles are 

dispersed in an organic solvent to prevent agglomeration but this is not the necessary 
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condition for SEM analysis. The solid sample can also be stick on carbon tape by sprinkle of 

solid sample on carbon tape and then shake as the unstuck particles may fall down and a 

uniform film is formed. Gold coating of nano particles is done before analysis to increase the 

formation of secondary electrons which are detected from the surface. 

1.10.3 Transmission electron microscope (TEM) 

This technique works with the transmission of electrons through the sample. An 

electron beam is passed throughout the analyzing product that transmitted the electrons to 

form the image depending upon the properties of sample which is analyzed. Density and 

composition of the sample played important role in the TEM imaging as the porosity of the 

sample effect the density which influences the results of analysis. The interaction of electron 

beam with test material can be done in various ways some of which are transmission beam, 

diffracted beam and inelastically scattered electrons. Phosphor screen made up of zinc 

sulphide is used to collect the image. Image is formed as light and dark areas in which lighter 

area represent the portion of sample where scattering of electrons is less usually where the 

electrons strike with the atoms of lower atomic number on the other hand darker portion of 

the image showed significant scattering of electrons through atoms of the sample (Figure 

1.15). 

 

Fig: 1.15 Principle of TEM working 
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1.10.3.1 Sample preparation for TEM analysis 

Suspension of synthesized NPs is made in a suitable organic solvent using ultrasonic 

treatment of 5-10 minutes. A drop from this dispersion is then paste on sample grid and kept 

it in a vacuumed oven for drying. When the sample drop is dried it is taken to the instrument 

for analysis. Sonication of nano particles in solvent is to avoid agglomeration of nano 

particles so that a fine image can be obtained.  

Aims and objectives 

 Synthesize graphene-metal nano composites of rGO-Mn2O, rGO-ZrO2, rGO-BiO2 

and rGO-ZnAl2O 

 Characterization of these synthesized nano composites by XRD, SEM and TEM 

analysis techniques 

 Catalytic applications of these nano composites for degradation of organic dye 

Drimarene Red KBL-4 

 Catalytic applications of synthesized nano particles as fuel additives   
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CHAPTER 2 

REVIEW OF LITERATURE 

2.1 Synthesis of graphene 

Extended applications of graphene in various fields of science due to its fascinating 

properties of good strength and conductivity along with high light absorption ability attracted 

the attention of scientists in the advancement of synthesis methods of graphene. The purpose 

is to get a method of graphene synthesis with low chemicals use and high productivity with 

better properties. In this regard a physical method of deposition with controlled conditions 

without the use of concentrated acids has been used for graphen synthesis. This method gave 

plane and consistent sheets of graphene with less number of defects in them. Temperature of 

the reaction also considered a key point to get uniform graphene sheets. CVD is considered 

as an efficient method to synthesize of consistent sheets of graphene at low temperature 

range (Son and Ham, 2017).  

The method for the synthesis of graphene without the use of any acid as media has 

been used to get an eco-friendly method. There is no need to use any catalyst as well in this 

method. Alcohol is provided as a media for the synthesis of graphene in this method along 

with irradiation of radio waves in a jet plasma container. To chose the best alcohol different 

alcohols were used as solvent in different trails. Purging with oxygen was done for oxidation 

purpose. Thermal analysis of the synthesized product was done by TGA. Synthesized product 

was used for the treatment for waste water in adsorption experiments of organic solvents. 

Ethanol gave the best product of graphene with better properties among all the alcohols used 

in different trails (Fronczak et al., 2017). 

2.2 Properties of graphene 

It was investigated that rout for the synthesis of graphene may not considerably 

influence the properties of graphene. The use of chemicals and the reaction temperature 

affects the efficiency of GO. Physio-chemical properties of synthesized graphene in two 

different trails showed almost the same properties. Optical and thermal efficiency of these 

products obtained through both the trails has been investigated. The results showed the band 

gap between 3 to 3.9 V. Crystalline structure of obtained products was evaluated through 
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XRD. Electrical properties of the synthesized graphene sheets were also analyzed (Sohail et 

al., 2017). 

Mechanical properties of layered graphene were investigated by applying dynamic 

model to evaluate the effect of temperature regarding the point defect has been analyzed. 

Inter atomic connections within the layers of graphene was analyzed by calculating the 

reactive bond order. Electrostatic interactions between the layers of double layer graphene 

sheets have been investigated through Lenard Jones model. Mechanical strength of double 

layer graphene was also analyzed. The simple graphene showed better mechanical properties 

at higher temperature as compared to layered graphene owing to the defects produced 

between the layers (Debroy et al., 2017). 

2.3 Influence of calcinations on the efficiency of graphene 

Compensation of graphene for the requirements of industrial use the graphene sheets 

were annealed at high temperatures to evaluate the effect of annealing on these properties. 

For this purpose the synthesized product was roasted at different temperatures ranging from 

1300 to 1700 and investigated the effect of roasting temperature upon these properties. The 

product obtained after the roasting at 1500oC posses better efficiency as compared to other 

roasted samples of graphene (Song et al., 2017). 

2.4 Oxidation of graphene to graphene oxide 

Graphene was oxidized with different oxygen and carbon ratios in it to prepare GO 

and tested for the effect of different parameters like size, morphology and extent of oxidation 

on properties of graphene. The adsorption capacity of graphene was tested against the effect 

of these parameters. Graphene suspension showed fine constancy for the adsorption of dyes. 

Graphene suspension was then dried to check the adsorption capacity of GO sheets. The 

extent of oxidation increased the adsorption capacity of graphene in either dry or suspension 

form. Due to porous structure of GO the N2 adsorption capacity has been tested to check the 

porosity of the sample. The Braunauer-Emmett-Teller analysis showed high specific surface 

area on freeze drying of graphene sheets (Castaldo et al., 2017). 

Oxidation step in the synthesis rout of graphene oxide was followed by sonication of 

the suspension containing precursor materials. This synthesis process moved through three 

steps of product formation first the pristine graphene, secondly the moderately oxidized 

graphene and at last the final graphene oxide product. Sulphuric acid was used as media 
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which started the oxidation in pristine graphene by the accumulation of potassium per 

magnate which acts as an oxidizing agent in the reaction. Slowest step of the reaction was 

found to be the oxidation of pristine graphene which would be considered as rate formative 

step. When the process of oxidation begun first of all the carbon atoms of the graphite placed 

at the borders begun to oxidized and start to dim in un-oxidize entities. Exfoliation started at 

this stage which increases the rate of oxidation remarkably in the influence of ultra sonic 

treatment. Obtained product of graphene oxide was analyzed via different approaches to 

understand the changes due to oxidation process and before to use in applications (Yuan et 

al., 2017). 

2.5 Reduced form of graphene  

Effect of alcoholic solvents was checked on the properties of synthesized reduced 

form of graphene. For this purpose four different alcohols with varying number of carbon 

atoms including methanol with one carbon atom in it to butanol with four carbon atoms. 

These solvents can affect the mechanical, thermal as well as surface properties of the reduced 

graphene. Obtained analysis revealed that the alcohols used cannot alter the thermal 

properties too much but the elemental composition of percent of carbon and oxygen. Among 

the other alcohols the ethanol gives large surface area with good percent of carbon and 

oxygen in the synthesized product (Seo et al., 2013). 

2.6 Graphene for water remediation 

Graphene with its remarkable characteristics made it a promising material for various 

applications. Graphene can absorb both organic pollutants as well as inorganic contaminants 

from polluted aquatic systems. To enhance the ability of graphene towards waste water 

treatment various modifications has been done to the surface of graphene as the oxidized or 

reduced forms of graphene, metal matrix composite materials of graphene, hybrids , ceramic 

based graphene composites and polymers incorporated graphene products. Graphene and its 

products showed good removal efficiency of both toxic metals and organic dye pollutants at 

once from the waste water (Nupearachchi et al., 2017). 

2.7 Synthesis of graphene-metal nano composites 

Solvent assisted wet chemical approach following the agitation and heat treatment to 

the precursor elements of zinc and aluminum salts to form the bimetallic nano graphene 

composites. Influence of heat and pressure during the synthesis method provided the media 
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for the formation of zinc oxide as well as Zn-Al bimetallic nano particles which were 

dispersed on the surface of graphene when treated with graphene oxide suspension in same 

hydrothermal treatment. During the core of reaction when Zn-Al bimetallic nano particles 

react with graphene oxide to adhere on the surface, the oxidized form of graphene becomes 

reduced in the formation of composite. The synthesized nano composite was characterized 

through SEM, TEM, XRD and XPS to check the morphology, size and elemental 

composition. For the applications of synthesized product the adsorption ability has been 

tested for CIP under the irradiation of sunlight. The visible portion of the sunlight was 

considered for irradiation. The results proved a better efficiency of bimetallic nano composite 

of rGO-ZnAl2O than that of Zn-Al layer double hydroxide nano particles. The enhanced 

adsorption-degradation performance of the bimetallic composite was because of miracle 

properties of graphene which act as a matrix material in the composite and provide more 

active sites for adsorption of impurities as well as enhances the light adsorption in photo 

degradation reactions. Graphene also enhances the stability of the synthesized nano 

composite (Ni et al., 2018). 

A 3D nano composite of graphen with zinc oxide with absorbing power of radiations 

from electromagnetic spectrum has been fabricated through solvothermal synthesis method. 

The synthesized nano composite possess the morphology of nano wires. This morphology 

gives the nano composite unique properties like incorporation of metal oxide to graphene 

matrix without aggregation and low density. This synthesized nano composite provided a 

way to fabricate cheap material having excellent properties to use in various applications of 

adsorption. The synthesized nano material was analyzed and tested to check the absorption 

efficiency for microwave radiations from electromagnetic spectrum. The synthesized 3D 

nano composite showed improved absorption ability for microwaves (Song et al., 2017). 

2.8 Magnetic graphene composites 

Composites of graphene oxide/reduced graphene oxide incorporated with magnetic 

metal particles for water remediations. Particle size of the as synthesized magnetic nano 

composites of graphene was found to be less than ten nanometer range. These magnetic nano 

composites were employed in waste water treatment to remove the inorganic ions from water 

through adsorption. Magnetic nano particles incorporated with graphene in composite 

materials remarkably enhanced the adsorption capacity of the graphene. To check the 



27 
 

enhanced adsorption capacity of magnetic graphene nano composites the experiment was 

designed to remove the Cesium, Cobalt and Nickel as test inorganic elements from water 

through adsorption (Zhou et al., 2016). 

2.9 Chemical approaches to synthesize graphen composites 

Morphological control method of synthesis of nano particles has been employed to 

synthesize bismuth nano particles. Flower like morphology of bismuth nano particles has 

been obtained using a solvent assisted wet chemical approach of solvothermal method. DMF 

was used as solvent which provide the media. To control the morphology of as synthesized 

nano particles TAA was used which gave flower like shape to nano particles. The 

synthesized product was further characterized before to use in various applications (Wang et 

al., 2008). 

Reflux method for the preparation of bismuth nano particles has been chosen. During 

the reaction of synthesizing bismuth nano particles temperature of the reaction was kept upto 

100 degree Celsius. After treating the precursor elements in reflux treatment a gel of Bi(OH) 

was obtained which was further kept on stirring up to twelve hours. The obtained gel like 

mixture was then allowed to cool which becomes crystalline after drying. The crystal 

structure of the synthesized product was shown in XRD results which also showed the 

elemental composition of the synthesized nano particles. Bismuth hydroxide nano particles 

were roasted at 400 oC to convert the hydroxide form of nano particles to metal oxide nano 

particles (Patil et al., 2005). 

Reduction method of synthesis deals with the use of reducing agents at low 

temperature conditions. Solvent provide the media for the synthesis and reduction of metal 

into bismuth nano particles. The bismuth particles show the size less than 100 nano meters. 

At low temperature the synthesized product was obtained in elliptical shape which changes to 

octahedral on rising the temperature. Final product was analyzed for the conformation of 

morphology and elemental composition as well as other surface properties which influence 

its applicability in different fields (Ma et al., 2013).  

2.10 Effect of different parameters on the synthesized graphen-metal nano 

composite 

Chemical etching method has been utilized to fabricate the graphene nano composite 

of zinc oxide having different shapes and elemental ratios. Different parameters influenced 
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the shape, structure and elemental ratio of the product formed. Stirring time of uniform 

homogenous suspension of precursor elements alter the nature of attachment of nano species 

in the product. Temperature of the reaction can decide the shape and attachment of nano 

composite entities. Temperature can also produce agglomeration if not set at suitable level 

required by the reaction. Percentage of graphene in the composite altered remarkably the 

properties of nano composite. The synthesized nano composite was applied for photo 

degradation as well as the optical parameters for applications. Increased content of graphene 

in the composite material improved the photocatlytic and optical behavior of the synthesized 

product (Zhao et al., 2017). 

2.11 Effect of reducing agent on the fabrication of graphene-metal nano 

composite 

Reduced form of graphene showed better properties in nano composites as compared 

to oxidized form of graphene. Sodium citrate was added in the synthesis of graphene zinc 

oxide nano composite using a solvothermal approach with a suitable solvent. Sodium citrate 

provided the support for the fabrication of graphene and metal oxide attachment as well as 

reduced the graphene oxide to graphene during the formation of nano composite. The results 

obtained through the characterization of as synthesized compound showed the attachment of 

metal oxide nano particles on the surface of matrix material of graphene thus preventing the 

agglomeration of graphene. Electrochemical applications of the synthesized graphene-metal 

nano composite have been investigated (Zhang et al., 2014). 

2.12 Effect of surfactants on the morphology of nano particles 

Effect of surfactants on the morphology and size of bimetallic nano particles has been 

studied. For this purpose nano particle of cerium and tin has been synthesized using different 

surfactants in separate trails to check the effect of these surfactants on morphology of the 

synthesized nano particles. Solvent assisted method of synthesis has been used for the 

preparation of bimetallic nano particles with three different surfactants. The surfactants used 

are sodium dodecyl sulphate, Triton-x 100 and cetyltrimethyl ammonium bromide. The 

synthesized product was characterized using analytical techniques which showed different 

morphologies of same bimetallic nano particles with three different surfactants in three trails. 

Sodium dodecyl sulphate give ellipsoidal morphology to the nano particles on the other hand 

spherical shapes were obtained by the use of Triton-x 100 as a surfactant. While the 
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cetyltrimethyl ammonium bromide give totally different shape of nano rods to the 

synthesized bimetallic nano particles (Usharani and Rajendra, 2017).    

Sodium dodecyl sulphate has been used as surfactant in the synthesis of GO-ZrO 

nano composite to increase its adsorption ability. The surfactant actually modifies the surface 

of synthesized nano composite acting as a support material in the reaction system. SEM, 

TEM and XRD results were used to analyze the surface modification of graphene nano 

composite. Thermal stability of the product was tested to check its ability to resist the high 

temperature conditions. Organic solvent of chloro-phenol was used as test substance to check 

the adsorption capacity of the synthesized nano composite with surface modifications 

produced by the use of surfactant with optimum conditions. Obtained results did not show 

any remarkable increase in adsorption capacity of graphene metal oxide nano composite with 

the use of CTAB as surfactant (Rao et al., 2014).  

Different mass percents of tin oxide and titanium oxide were utilized to prepare the 

bimetallic nano composites of varying tin oxide ratios. The obtained product was then 

characterized by analytical techniques to verify the influence of mass percent of tin oxide on 

the properties of the prepared nano hybrid. Physiochemical properties of the nano hybrid 

were tested which strongly depend upon the mass ratio of both the metal oxides as well as 

their incorporation with each other. Reaction temperature could also affect the 

physiochemical properties of the nano hybrid. Optical properties of the synthesized nano 

hybrid revealed that the absorption in visible region is possible (Shao et al., 2017). 

The composite of bismuth oxide with graphene showed nonmagnetic behavior due to 

deficiency of magnetic properties of bismuth element. To develop the magnetic behavior in 

graphene bismuth oxide nano composite iron is incorporated into it. For this purpose 

bimetallic nano particles of iron and bismuth were synthesized and then adsorbed on the 

surface of the graphene by treating them with graphene oxide suspension. During the core of 

reaction GO reduced to pristine graphene and the number of oxygen containing groups 

reduced due to the attachment of bimetallic nano particles of iron and bismuth on the surface. 

This ternary graphene magnetic composite showed better efficiency in the removal of organic 

dye BPA due to an increased light absorption capacity after composite formation. The results 

obtained through tunneling electron microscope showed the synthesized nano composite 

having spherical morphology and particle size up to fifteen nanometer ranges. The results 
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obtained through XRD confirmed the successful synthesis of iron-bismuth nano composite 

with graphene and showed elemental composition of the composite. Optical results showed 

lower band gap values of synthesized nano composite which enhanced the light absorption 

followed by increased degradation percentage up to 99 percent. This increased degradation 

efficiency is due to high electron conductivity of graphene which also provide high surface 

area and increased the adsorption ability (Soltani and Lee, 2016). 

2.13 influence of alkali on morphology of graphene composites 

The morphological changes of nano particles due to the use of base materials during 

solvent assisted synthesis techniques have been studied. For this purpose wet chemical 

approach was utilized to fabricate bimetallic nano particles using solvent as media along with 

the addition of sodium hydroxide as base material. Sodium hydroxide not only affects the 

shape of the nano particles but also alter the particle size of nano product. The molar ratio of 

sodium hydroxide used further finalizes the morphology of the nano particles. Molar ratio of 

7 gives plate like shape while the sodium hydroxide with 9 molar concentration give ring like 

morphology. Characterization of synthesized product was done through different analytical 

techniques (Liang et al., 2011). 

2.14 Effect of solvent on graphene composites 

Solvent which provided the media for solvent assisted wet chemical reactions can 

also influence the properties of the synthesized nano particles. Sol-gel method followed by 

the solvo/hydrothermal treatment was used for the fabrication of zirconium oxide nano 

particles with three different solvent media in three different trails. Solvents chosen for 

solvothermal reaction included H2O, NH3 and C2H5OH as solvents all containing OH- group. 

Above three reactions for the formation of zirconium oxide nano particles were treated at two 

hundred degree Celsius in auto clave, washed and dried to get the final product. 

Morphological studies along with surface analysis were done to compare characteristics of 

nano samples obtained through three different reactions. Electrical properties of as 

synthesized nano particles were also investigated. Boiling point of the solvent used as media 

can alter the crystalline structure of nano particles and a low boiling solvent among the three 

solvents used can enhance the rate of crystallization. Time and temperature of the reaction as 

well as precautions in drying the sample can influence the surface properties the synthesized 

nano particles (Meepho et al., 2011). 
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2.15 Bimetallic nano hybrids 

Bimetallic nano hybrids of zinc and zirconium have been synthesized using sol-gel 

co-precipitation method. Ultrasonic treatment has been used to synthesize the Zn-Zr 

bimetallic nano hybrid in different mole percents of two metals to check the optimum 

efficiency of the composite in photo degradation experiment. Oxides of both the metals were 

prepared and then incorporated on the surface of each other only the mole percents of both 

metal oxides were different in different trails. For the adsorption of one metal oxide particles 

on the other, the sample was kept on agitation followed by sonication treatment. The 

obtained product was then centrifuged and dried in oven followed by the roasting at high 

temperature. The synthesized product was found to be crystalline and impure. Products 

obtained from various trails with different mass percents of two metals were then subjected 

to adsorption degradation test in a photo degradation experiment. Parameters were further 

optimized by using varying amounts of nano hybrid to enhance the efficiency of degradation 

(Aghabeygi and Shamami, 2017). 

2.16 Bi-metallic composites as LDH 

Double layer hydroxide composite of copper oxide and zinc-aluminum has been 

tested for the removal of waste water systems. For this purpose a superficial approach of 

synthesis has been employed to prepare nano particles of LDH composite of Cu-ZnAl.  

Elemental analysis as well as morphology and particle size has been checked through various 

techniques including SEM, TEM and XRD. These results showed even distribution of copper 

oxide nano particles on zinc aluminum layer double hydroxide giving rise to composite 

material. MO dye was selected to check the removal capability of as synthesized nano 

material (Wu et al., 2016). 

Bottom up approach using hydrothermal method has been used to synthesize the nano 

composite containing graphene as matrix material for manganese oxide nano particles. 

Raman and XPS techniques have been used to observe the characteristics of the synthesized 

product, which proved the synthesis of G-MnO nano composite. As the manganese oxide 

distributed on graphene it reduces from GO to rGO. Morphology of the nano composites 

showed the attachment of manganese oxide thus enhancing the electrochemical efficiency of 

composite in synergistic effect of both garaphene and Manganese oxide (Zhang et al., 2016). 

 



32 
 

2.17 Uses of nano materials for environment remediation 

Increasing population of the word also demands an increase in energy sources. Nano 

materials served in many fields of science and technology to overcome the demands of 

increasing population and the scientists are tiring in the utilization of nano particles in 

different fields of science owing to their remarkable better properties as compared to bulk 

materials. These nano particles move the technology towards slim devices with large surface 

area and better efficiency. These particles serve as nano catalysts to remove the pollution 

from environment which becomes polluted due to increase in industrialization. Good 

catalytic property of nano particles in the removal of polluted water as well as gas adsorption 

systems having good adsorption ability of  these nano particles. So, there is no need to use 

excess amount of nano particles as in case of other bulk materials used for the same purpose. 

Thus nano particles provide a cheap way for environmental remediation (Chaturvedi et al., 

2012). 

2.18 Degradation of organic dyes with graphene-metal nano composite 

Composite of bismuth on graphene oxide matrix material was found to show better 

removal efficiency for Rhodamine B dye. Wet chemical approach of hydrothermal synthesis 

was used following the sonication process to make GO suspension. The synthesized product 

was analyzed by different characterization techniques for structure, shape, particle size and 

morphology for the conformation of BiO-GO nano composite. To check the catalytic 

performance of synthesized product it was tested for the degradation of RhB dye. Industrial 

waste water was utilized to run the degradation experiment. Degradation experiment was 

followed by the optimization of various parameters was done to check the effect of catalyst 

dose, contact time and heat on degradation efficiency. The results of the degradation 

experiments revealed that the composite of graphene and bismuth showed better efficiency 

than the GO alone. The results of adsorption experiment were studied theoretically by fitting 

the obtained data in Timken and Langmuir plots. Pseudo first order was followed by the 

results obtained (Das et al., 2017). 

For the synthesis of GO the graphite was oxidized and the reduced to form reduced 

graphene oxide. Reduced graphene oxide was then treated solvothermaly with bismuth oxide 

to form the composite. The synthesized product was tested for the degradation efficiency 

using MB as test sample. FTIR spectroscopy was also employed to characterize the sample. 



33 
 

The results showed the composite as needle like and highly crystalline. During the study of 

photo degradation different parameters were tested and optimized. The photo degradation 

efficiency of bismuth oxide composite with reduced graphene oxide was found to be high as 

compared to bismuth oxide alone. Bismuth oxide composite also showed antimicrobial 

activity against various bacterial species (Suresh and Sisamay, 2016). 

Degradation of organic industrial dye VB was studied with nano range composite of 

graphene and Molybdenum using visible light irradiation. First the MoO-GO composite was 

synthesized in two steps using the sonication treatment. Molybdenum oxide was attached on 

graphene sheets through loading process. Characterization of the composite was done after 

synthesis to check the morphology, structure, specific surface area, porosity and pores 

volume using appropriate techniques. Obtained results proved the as synthesized composite 

as a better nano catalyst as compared to metal oxide nano particles alone owing to electron 

rich surface of graphene in the composite which enhances the photo degradation efficiency of 

the whole composite. Thermal stability of the synthesized composite was also tested and 

found to be a good product to bear high temperatures (Kamalam et al., 2017). 

Wet chemical approach with solvothermal process was used for the zinc oxide 

composite. The synthesized product was analyzed through thermal gravimetric analysis for 

thermal stability test. Response surface methodology was used to run the trails for photo 

degradation experiments. To check the degradation efficiency of nano composite dyes wit 

negative charge and dyes with positive charge were used. The synthesized composite showed 

better synergistic effects of degradation ability as compared to zinc oxide nano particles 

because the graphene prevents the recombination of electron hole pair through π-π 

transitions. This effect of graphene in the composite enhanced the light absorption and 

degradation percent of the composite material. Large specific surface area of graphene 

adsorption ability to promote removal of dyes more easily (Sajeevan and Sajith, 2016). 

2.19 Solar irradiated photo degradation reaction of nano catalyst  

Solar irradiation energy was used for waste the removal of waste from aqueous 

system with the presence of nano catalyst of zinc oxide nano particles incorporated on 

graphene surface to form a composite. Sunlight irradiation enhanced the degradation ability 

of the nano catalyst remarkably. The synthesized product was characterized after the 

synthesis process has been completed. Synthesized nano composite was utilized for in photo 
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degradation reaction of waste water treatment governed by the solar energy. The experiment 

was run to remove pollutants along with adsorption mechanism. Obtained results from the 

adsorption-degradation experiment obeyed pseudo first order. Alteration in pH can affect the 

efficiency of the nano particles towards degradation slightly. The synthesized nano 

composite showed good reuse efficiency in recycled experiments. The fabricated composite 

also showed a excellent adsorption and removal efficiency towards the degradation of orange 

dye (Moussa et al., 2016). 

2.20 Types of nano particles used for environmental remediation 

Nano materials and nano technology served for the remediation of environment in 

many ways with economical and eco-friendly ways. The nano technology worked at 

moderate conditions of dosage percent and temperature which make it an advanced technique 

as compared to other conventional techniques which use bulk materials in large amounts and 

worked at high temperatures to remove the pollutants as well as to kill the biological pests 

from water. That’s why nano technology became an emerging field for making the 

atmosphere and aquatic systems free from pollution. The nano materials which are used for 

the remediation of environment have been categorized in the following mentioned groups 

according to their way to work for the removal of waste. Adsorbent materials in nano range 

are one of the most widely used types of nano materials for the treatment of waste water. 

These adsorbents include carbon based as well as metal and polymer based nano particles. 

The other type of nano materials utilized for the treatment of pollution is the nano particles 

with photo catalytic properties to adsorb as well as degrade the pollutants and contaminant in 

some less hazardous or ecologically safe form of products. These particles are fabricated as 

membranes which present another form of nano particles to remove the organic pollutants 

like dye residues of industrial water and organic solvents from aquatic system. Another type 

of nano particles used for the treatment of pollution is the use of nano materials with 

biological species like enzymes for antimicrobial activities. In all the discussed forms the 

nano particles act as excellent materials for the remediation of air and water pollution in easy 

ways with less amount of material used as compared to other techniques rather than nano 

technology (Anjum et al., 2016). 
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2.21 Electro chemical properties of graphene-metal nano composites 

Nano materials showed good electrochemical properties owing to small size, large 

surface area and good conductivity. One of the nano material used as electrode resource is 

Manganese oxide which showed suitable electrochemical properties. Drawback to use the 

MnO in capacitors is the rundown rate potential as well as quick aptitude desertion which 

inhibits their electrochemical applications. This problem has been overcome through the 

adsorption of Manganese oxide nano particles on highly conductive graphene along with 

carbon nano tubes to form a ternary nano composite. Better transference of electrons through 

carbon nano tubes give enhanced electrochemical properties to the composite and made it 

appropriate to use in electrochemical devices. Conductivity of graphene made its composites 

rich in electrical properties and suitable to use as electrode materials and capacitors. 

Graphene assured the good attachment of Manganese oxide nano particles on the surface due 

to large amount of active species present on the surface (Li et al., 2017). 

Electrochemical properties of Manganese-graphene composites were tested. For this 

study varying weight percentages of Manganese and graphene were employed for the 

synthesis of the nano composite. For the study of electrochemical properties of the composite 

it was used as electrode material. Conformation of synthesized composite was done via 

different analytical techniques. As electrode material composite of graphene with manganese 

have good conductivity as well as electrochemical power than manganese alone because the 

high conductivity value of graphene improved the conductance of Manganese oxide in the 

composite. This composite with low cost can act as an alternate of high cost Platinum 

electrode systems (Tsai et al., 2017). 

2.22 Graphene-metal nano composites as electrochemical sensors 

For the preparation of electrode materials to use in electro-chemical process, nano 

composite of graphene with bismuth oxide nano particles has been synthesized. Synthesis of 

nano composite was done through ultrasonic treatment following the formation of bismuth 

oxide nano particles which further react with graphene to form the composite. An 

electrochemical application of these synthesized nano composite was done through their 

coating on carbon electrodes made up of glassy matrices. Thick suspension of as synthesized 

nano composite was made for their coating on carbon electrodes. Then the electrochemical 

measurements were done and the results were compared with the electrochemical 
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applications showed by metal oxide nano particles alone. The results proved enhanced 

electrochemical properties of grphene-BiO nano composite than the electrochemical behavior 

of bismuth oxide alone (Bindewald et al., 2017). 

2.23 Biomedical applications of nano particles 

Biomedical use of nano particles has become an emerging field of science. For this 

purpose nano particles of zirconium oxide were synthesized in shape and size control 

experiment to make it useable in tissue engineering fields. Organic solvents were used to 

synthesize the bone like zirconium oxide composites with polymer precursors. The 

synthesized product was first analyzed to confirm the synthesis of accurate nano material.  

Porosity and pore size were the main characteristics which were to keep in mind while 

designing the nano composite for tissue engineering use. Pore sized calculated was 

appropriate to use the product for biomedical use. Mechanical properties and water 

adsorption capability also proved the synthesized nano material a good biomedical material. 

Soft bones of humans were taken as standard to check the porosity and mechanical properties 

of the nano material.  Antimicrobial activity of zirconium oxide nano composite was tested 

against different bacterial strains. All the obtained results proved the as synthesized nano 

composite of zirconium oxide along with polymers having good mechanical strength, 

porosity and adsorption capacity to make it suitable for biomedical use (Bhowmick et al., 

2017). 

2.24 Use of nano particles in pharmaceutical industry 

A promising application of nano technology is the use of nano particles in medicine 

field to diagnose the problem of disease and to cure the disease in the form of nano 

ingredients of medicine. Nano particles owing to large surface area and good adsorption 

aptitude with small size served to adsorb and move the biologically active part of the 

medicine to the target place (cell, tissue or organ). Tissue culture is another successful aim of 

nano technology in biomedical field owing to their mechanical strength and elasticity. This 

technology is not just under consideration in labs but took a remarkable space in the market 

because of efficient properties shown by these materials for pharmaceuticals. Ability of these 

particles to target the diseased part of the body through many routs and can move through 

cells and membranes easily made them remarkable materials for drug delivery system. Nano 

composites with polymers are widely used for the replacement of some damaged parts of the 
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body including bones and soft tissues. Risk assessment of the nano particles used in 

pharmaceuticals is necessary and preliminary treatment before to use in any biomedical field 

because nano particles can also damage the biological system through their toxicity if not 

processed and used accurately with all the precautions done before to use the product for 

pharmaceutical purpose (Zhang et al., 2014).       

2.25 Anti-microbial applications of graphene based materials 

Products of graphene in nano range are very efficiently used in biological fields 

including medicine, biomedical and anti-bacterial applications. Although graphene and its 

composites with metals, polymers or other with other carbon materials have been employed 

in various applications but the most common use of graphene is found in antibacterial 

applications since now. For this purpose graphene is modified with the attachment of suitable 

materials on its surface to enhance the anti-bacterial as well as anti-fungal activity of 

graphene. During the modification of graphene surface materials has been chosen on the 

basis of their anti-microbial behavior which would enhance the activity of graphene upon 

synergistic effect in composite. The antimicrobial activity of graphene can also be enhanced 

through light absorption. This activity also worked in the treatment of waste water to remove 

biological as well as chemical pollutants (Lukowiak et al., 2016). 

Graphene oxide was reduced to rGO using tea suspension for its synthesis. 

Synthesized reduced graphene product was applied for the removal of fluoride in the 

remediation of polluted aqueous system. Biologically synthesized graphene gave good results 

in removal efficiency of pollutants in group experiments. On the other hand the graphene 

which would be reduced through chemical ways showed somehow less removal ability as 

compared to biologically reduced graphene product. Obtained data from group experiments 

was analyzed through kinetic models and plots. Obtained data was also analyzed statistically 

through RSM (Areebo et al., 2018).       

2.26 Gas sensitizing applications of nano particles 

Zirconium oxide nano composite with graphene in reduced form was synthesized and 

tested for the storage and adsorption of hydrogen gas electrochemically. Thermo gravimetric 

analysis was done to test the thermal stability and elemental decomposition procedure. 

Porosity and area was checked and calculated through N2 adsorption. The synthesized 

graphene nano composite showed good porosity and surface properties in obtained results 
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which made it suitable material for gas adsorption. In the presence of electrolyte the 

electrodes of carbon on glass material is used to observe the electrochemical properties of the 

product (M. Kaur and K. Pal 2016). 

Synthesis of graphene metal nano composite with the use of fewer amounts of chemicals 

through a simple approach has been availed. The synthesized product was tested in a gas 

adsorption-desorption experiment to evaluate the porosity of the surface. The graphene metal 

composite was analyzed through BET to check the porosity and adsorption ability of the 

product. GO along with attached metal oxides on the surface as wrapped layered structure 

enhanced the adsorption capacity of the surface. The results showed a better gas adsorption 

capacity of GO-metal nano composite as compared to metal oxide nano composite with un-

oxidized form of graphene. Morphology as well as crystalline structure of the synthesized 

product was also investigated (W. G. Hong et al., 2012). The synthesis of GO copper 

composite followed a superficial and less hazardous approach of synthesis using low amount 

of chemicals and a surfactant as support. Gas sensitizing properties of synthesized composite 

were checked using Braunauer-Emmett-Teller and Barrett-Joyner-Halenda techniques. To 

check the gas sensitizing properties of the composite N2 was used as a test gas. For the 

characterization of the product SEM, TEM, XRD and XPS techniques were used. Using 

spectrophotometer the photo degradation efficiency of prepared composite against different 

anionic as well as cationic dye solutions is studied. Reuse ability of the product after 

degradation experiment was also tested (Nguyen and Oh, 2017). 

2.27 Gas purification with graphene composite 

Global warming is increasing with the passage of time due to increasing gaseous 

pollution in the enjoinment. There is need to develop new compounds or technologies to save 

the environment from increasing pollution day by day. Nano technology has a significant 

effect for environmental remediation. Graphene composites are most important candidates of 

nano family to use in the purification of gases. Photo-catalytic activity of graphene enhanced 

the purification ability of photonic procedures. The light absorbing power in graphene 

composites is increased and on the other hand better electron conductivity of graphene 

inhibits the electron hole recombination thus enhanced the photo-catalytic behavior of 

graphene metal nano composite for the purification of gases. Metal oxides part of the 

composite transfer the light absorption from ultraviolet to visible region. Gas molecules 
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adsorbed on the surface provided by light irradiation purified the gas by photo-catalytic 

effect of the nano composite (Pie et al., 2017). 

2.28 Effect of graphene metal composites on thermal stability of polymers 

Nano composite of graphene with cobalt was fabricated using a wet chemical 

approach with heat and pressure in autoclave. The synthesized product was characterized 

through XRD, TEM and Raman technique before to use in applications. The cobalt metal 

nano composite of graphene was further incorporated in polymer material of PU. 

Morphological results showed good incorporation of metal based nano composite on polymer 

matrix without any agglomeration. Thermal analysis of polymer incorporated metal-graphene 

nano composite was done to evaluate the changes in the thermal stability of synthesized 

product. The polymer incorporated composite showed better thermal and mechanical stability 

than the composite having only the metal oxide and graphene (K. Zhou et al., 2016). To 

increase the thermal stability and decrease the problem of fire danger from PBT polymer a 

modification in its structure has been done by the incorporation of graphene based nano 

hybrid in it. For this purpose cobalt oxide coated nano composite of graphene and manganese 

oxide has been incorporated in the polymer matrix. To confirm the successful synthesis of 

graphen hybrid containing polymer and metal oxide characterization of the product has been 

done. Cone calorimeter has been employed to analyze the fire danger alteration of polymer 

nano hybrid with graphene metal nano composite (Wang et al., 2014).      

2.29 Nano catalysts used for fuel additives 

Fuels used for the transportation polluted the atmosphere through their exhaust when 

the fuel burn in engines of vehicles. There is need to fabricate a catalytic material to 

influence the properties of fuel to alter its efficiency and reduce the exhaust of diesel which is 

a major problem to use the diesel as fuel. A bimetallic nano hybrid or Ce-Zr has been 

fabricated to use in fuel additive applications of diesel. There is need to fabricate a nano 

catalyst with high stability to use as fuel additive and to reduce the exhaust produced from 

burning of diesel in engine. For this purpose oilic acid is used as surfactant to provide 

support and increased the stability of the synthesized hybrid. The bimetallic nano hybrid 

product was analyzed and used for further applications as nano catalyst for fuel additive. 

Different solutions of varying concentrations of bimetallic nano hybrid were made for 

observing concentration effect on the properties of diesel and for the optimization of 
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conditions. Comparison for the efficiency of diesel with nano catalyst was done with the 

efficiency of control (diesel without nano catalyst).  The as synthesized nano hybrid catalyst 

showed a better efficiency of diesel with the reduction of exhaust from the burning of diesel 

in the presence of bimetallic nano hybrid (A. C. Sajeevan and V. Sajith 2016). To fabricate a 

cheap nano catalyst with high adsorptive power bimetallic nano alloy encrusted sand has 

been fabricated. For this purpose synthesized hybrid of bimetallic nano alloy has been used 

with column material in fixed as well as consignment arrangement. The experiment was 

planned for the purification of water using adsorption ability of bimetallic nano hybrid. The 

obtained results were analyzed theoretically by fitting the data in different kinetic models. 

The theoretical results revealed that the adsorption kinetics obeyed pseudo 2nd order with 

Langmuir as well as other kinetic models (Chaudhry et al., 2017). 
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CHAPTER-3 

MATERIALS AND METHODS 

 

Graphene-metal nano composites are synthesized using different wet chemical 

approaches of the synthesis discussed in this chapter. Synthesize GO at laboratory scale by 

following Hoffman & Hummers’ synthesis. Synthesized composites of graphene are 

employed to observe catalytic efficiency of these products against reactive red dye as well as 

fuel additives are discussed. Detail of chemical compounds, solvents and instruments which 

are used during research work is given below. 

3.1 Apparatus and glass ware  

The glass ware used during the synthesis and applications of these nano particles 

include flasks, measuring flasks (500 & 1000 ml), funnel, Petri dishes, pipettes (1 mL, 10 

mL), glass rod, china dishes, crucibles, thermometer, gravity bottles, gravity meter, 

viscometer, magnet, measuring cylinders, eppendorf tubes, centrifuge tubes, aluminum foil 

etc.    

3.2 Chemicals and solvents  

The chemicals & solvents used for the purpose of synthesis and applications are of 

analytical grade. The chemicals used during the synthesis procedures of all the products 

including composites of graphene with manganese oxide, zirconium oxide, bismuth oxide 

and zinc-aluminum oxide as well as for their applications of dye degradation and as fuel 

additive are given in table 3.1 along with their chemical formulas and names of 

manufacturing companies of these chemicals.  
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Table: 3.1 Chemicals used during the research work 

Name Formula 
Manufacturing 

company 
Grade 

Graphite  C Sigma Aldrich Analytical grade 

Sodium nitrate NaNO3 Merck Analytical grade 

Potassium 

permanganate 
KMnO4 Merck Analytical grade 

Hydrogen peroxide H2O2 Dae-Jung Analytical grade 

Zirconium nitrate 

dihydrate 
Zr(NO3).2H2O Merck Analytical grade 

Bismuth nitrate 

penta Hydrate 
Bi(NO3).5H2O Merck Analytical grade 

Manganese chloride MnCl2 Sigma Aldrich Analytical grade 

Manganese acetate Mn(CH3CO2)2 Merck Analytical grade 

Zinc nitrate Zn(NO3)4 Dae-Jung Analytical grade 

Aluminum nitrate Al(NO3)3 Dae-Jung Analytical grade 

Sodium acetate CH3COONa Merck Analytical grade 

Hydrazine N2H4 Sigma Aldrich Analytical grade 

Drimarene Red 

KBL-4 

 

Merck Commercial scale 

 

Solvents are used as a reaction media in all the fabrication procedures during the 

whole work. Different solvents are used in specified amounts in solvothermal synthesis of 

these composites. Solvents are also used in washing process to remove impurities from the 

final product. Solvents like acids (sulphuric acid) are the main component in the synthesis of 

graphene oxide which is further used as precursor material. Distilled H2O is used for 

adjusting the pH of synthesized graphene oxide suspension at neutral pH. Other solvents used 

during the present work are given in table 3.2. 
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Table: 3.2 Solvents used in the research work 

Name Formula 
Manufacturing 

company 
Grade 

Distilled water H2O Lab distillery Pure 

Sulphuric acid H2SO4 Merck Analytical grade 

Hydrochloric acid HCl Merck Analytical grade 

Methanol CH3OH Dae-Jung Analytical grade 

Ethanol C2H5OH Dae-Jung Analytical grade 

Propanol C3H8OH Dae-Jung Analytical grade 

Commercial Diesel - PSO Analytical grade 

 

3.3 Instruments 

Synthesis of nano composite materials demands the accuracy of reaction conditions 

with precaution to maintain specified reaction condition to fulfill the requirements of better 

product formation with high purity. Different instruments are used during the synthesis of 

these nano composites as well as in their catalytic applications in photo degradation reactions 

and as fuel additives. Instruments used in characterization techniques of these nano particles 

are also given in table 3.3. Names and specifications of these instruments along with reaction 

conditions are given in table 3.3. 

 

 

 

 

 

 

 



44 
 

Table: 3.3 Instruments used to analyze the synthesized products 

Name Specifications 
Reaction conditions and 

uses 

Weighing balance KD-NBCD-300 Dry samples 

Magnetic hot plate 78-1 
Stirring at specified 

temperature 

Mechanical stirrer SLM-OHS-100 Stirring 

Ultrasonic machine 40 kHz (frequency) Ultrasonic treatment 

Hydrothermal autoclave 

reactor 

200 ml capacity, Teflon 

lining 
Hydrothermal treatment 

Electric oven 
Eyla vaccume oven (VOC-

300-SD) 

Hydrothermal treatment 

(100-180oC) & drying (60-

65oC) 

Electric furnace  Calcination (450oC) 

Centrifuge machine Model 800 
Separation and washing 

(3000-4000 rpm) 

UV-Visible 

spectrophotometer 
SP 300 

Wavelength scan (300-

800nm), photometry (520 

nm) 

Close cup tester APEX-JCX309 Temperature (oC) 

Gravity meter DA-640 Specific gravity 

Oxygen bomb calorimeter APEX-JCX406 Calorific values 

XRD spectrometer Rigak D/max Ultima II XRD pattern 

Scanning electron 

microscope 
JEOL-JSM-6480-A SEM analysis 

Transmission electron 

microscope 
FEI-Tecnai G2 STwin TEM analysis 
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3.3 Graphene Oxide synthesis 

GO was synthesized using the Hoffman and Hummers’ method. In a detailed 

procedure 6 g graphite and 3 gNaNO3are mixed in 150 mlH2SO4under ice bath and left on 

stirring for three hours. A black color mixture is obtained after the stirring of three hours. 

After the stirring of three hours, 18 grams of potassium permanganate has been added pinch 

by pinch in the mixture of graphite and sodium nitrate mixed in sulphuric acid in about 5 to 6 

hours. The temperature of the mixture during the addition of KMnO4 has been maintained 

below 5oC to avoid the explosion. As the KMnO4 has been added the ice bath has been 

removed and the mixture is left on stirring for two days at 35oC. After the stirring of two 

days the dark green color of the mixture has been changed to brown color thick slurry to 

which 200 mL water mixed at 90oC after which the color changes to hazel brown. The 20 mL 

of hydrogen peroxide has been added to stop the reaction. Then 100 mL of 10% HCl solution 

is then added and convert the suspension solution in a 4000 mL beaker full of water then kept 

the solution overnight. Next day the graphene oxide is settled down and separated through 

centrifugation at 4000 rpm. The upper yellow brown color liquid is wasted. The separated 

GO is washed with distilled water severally and maintained the pH of the suspension up to 7. 

When the pH is set at 7 then the separated and washed graphene oxide dried at 60oC. After 

drying a thin sheet of graphene oxide is obtained. Flow sheet diagram of present work has 

been given below showing the reaction scheme is given in figure 3.1. 
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Fig: 3.1 Steps for the synthesis of graphene with color changes at each stage 

3.4 Methods for the synthesis of graphen-metal nano composites 

The metallic composites of graphene are synthesized via hydrothermal and co-

precipitation methods.  

3.4.1 Fabrication of graphene composite with manganese 

The manganese oxide nano particles are synthesized prior to the formation of 

composite material. These particles are synthesized using2.5 molar solutions of manganese 

chloride and manganese acetate were prepared using distilled water and propanol as solvent 

up to a volume of 150 mL. These solutions were then mixed with each other during stirring 

for half an hour. To maintain the pH of the mixture up to 11 the NaOH solution having 

concentration of 1 molar in 10 mL volume. As the pH approaches to 11 the brown color 

precipitates appeared which then collected by centrifugation at 3000 rpm. The final product 

was washed and dried (60oC for 12 h) to get the final powder of manganese oxide nano 

particles. The calcination of synthesized nano powder of manganese oxide is done at 400oC 
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for 6 hours and then grinded thoroughly to get homogenous powdered form of manganese 

oxide nano particles. 

Suspension of graphene oxide sheets is formed dissolving 0.025 g of GO into water 

and ethanol under ultrasonic treatment for half an hour followed by the addition of 1.3 g of 

presynthesized metallic nano particles under stirring for half an hour and then poured in the 

above suspension of graphene oxide. Mixture of graphene oxide and manganese oxide nano 

particles is left on stirring for one hour and then shifted to 100 mL Teflon lining autoclave. 

The autoclave is treated at 160oC for 8 hours and then cooled to room temperature. As the 

autoclave is cooled down the hydrothermally treated mixture is poured in a 100 mL beaker 

and separated the solid portion from solvents through centrifuge machine at 4000 rpm. The 

obtained solid sample is then washed and dried. The dried sample is calcinated at 450oC. The 

calcinated sample is then grinded to make the powder of graphene manganese oxide nano 

particles (Figure 3.2).  

 

Fig: 3.2 Reaction scheme of rGO-Mn2O nano composite synthesis 
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3.4.2 Protocol for the synthesis of zirconium oxide nano composite 

Zirconium hydroxide nano particles were prepared first using hydrothermal approach. 

Zirconium nitrate di-hydrate is used as precursor for the synthesis of synthesis of zirconium 

hydroxide nano particles.  In a detailed process 0.01 molar solution of zirconium hydroxide 

per 30 mL of distilled water is prepared by adding required amount of zirconium nitrate in 

water during stirring of 45 minutes along with sodium nitrate (0.02 molar) added in it. To 

maintain the pH of the solution to neutral 5 mL of ammonia solution is added drop wise. As 

the pH reached to 7 white precipitates appeared which were stirred for another half an hour. 

The mixture containing white precipitates were shifted to 100 mL capacity Teflon lined 

stainless steel auto clave and left for 12 hours at 150oC. After 12 hours the oven is switched 

off and autoclave is cooled to room temperature to open it. The mixture is poured in the 

beaker and precipitates were separated via centrifuge technique and dried at 65oC for 8 hours 

to get dry powdered form of zirconium hydroxide nano particles. The dried powder of 

zirconium hydroxide nano particles is grinded carefully to get homogenous particles. The 

fabricated zirconium hydroxide nano particles were weighed (2 g) and dissolved in 30 mL of 

ethylene glycol followed by stirring using hot magnetic plate at room temperature. On the 

other side 0.06 grams of GO sheet is mixed in water using ultrasonic treatment of half an 

hour to exfoliated the GO sheets homogenously. After the stirring of half an hour zirconium 

hydroxide solution is poured in graphene oxide suspension and left for stirring for 90 minutes 

to get a homogenous mixture. During stirring 0.89 grams of sodium acetate is added to the 

mixture. A light brown color mixture is obtained after the stirring of 90 minutes which is 

then treated hydrothermally at required temperature for 8 h. The autoclave is then put out 

from the oven and left in open air for 4 to 5 hours to let it cool before to open it. The mixture 

contain black solid particles were suspended with oily layer on the solvent. Black color is due 

to the reduction of GO to rGO during hydrothermal treatment. The black solid particles were 

separated though centrifuge treatment at 4000 rpm. Separated particles are washed and kept 

for drying in an electric oven for 12 hours at 65oC. As the particles were dried they were 

calcined at 450oC for four hours in an electric furnace and then grinded vigorously in a piston 

modem (Figure 3.3).  
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Fig: 3.3 Reaction conditions of rGO-ZrO2 nano composite fabrication 

3.4.3 Reaction scheme for the synthesis of bismuth oxide composite of graphene 

Bismuth oxide suspension of graphene oxide is prepared by dissolving GO sheet (0.1 

g) into 10 mL of water under ultrasonic treatment of half an hour. After the sonication of half 

an hour the brown color suspension of graphene oxide is obtained.  At the same time solution 

of bismuth nitrate using an amount of 1.94 grams is dissolved in 60 mL of ethylene glycol 

under ultrasonic treatment. The solution of bismuth nitrate in ethylene glycol is put into GO 

suspension and put for ultrasonic treatment for 90 minutes at room temperature. During the 

sonication of 90 minutes 3.69 grams of sodium acetate is added as adsorbent. After 90 

minutes light brown color mixture is obtained. This mixture is shifted to stainless steel 

autoclave with Teflon lining. The autoclave is kept in oven and set the temperature of the 

oven up to 160oC. The autoclave is left in oven for 8 hours. After treating the sample of the 
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autoclave at 160oC for 8 hours the oven is switched off and left the autoclave for 4 to 5 hours 

at room temperature to cool down. After the autoclave is cool down the sample is poured out 

in a 100 mL beaker in which black color solid particles were suspended. Solid sample is 

separated through centrifuge technique at 4000 rpm and solvent left is wasted. The solid 

sample is the washed severally to remove the impurities. For the washing of synthesized 

nano composite sample distilled water as well as mixture of ethanol and methanol is used in 

equal ratio. The washed sample is kept in electric oven at 65oC for 8 hours to dry it. Dried 

sample is then kept in electric furnace to calcinate the sample at 450oC for 4 hours. After 

calcinations the sample is grinded meticulously to get homogenous powder of the 

synthesized nano composite containing reduced graphene and bismuth oxide.        

 

Fig: 3.4 Procedure for the synthesis of graphene-bismuth oxide nano composite 

3.4.4 Fabrication of ZnAl bimetallic nano composite 

The synthesis of bimetallic nano composite of graphene with ZnAl has been done 

using a hydrothermal approach followed by calcinations at high temperature. Graphene oxide 

sheets were weighed using analytical balance up to 50 milligrams along with 1.87 grams of 
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zinc nitrate hexa hydrate and dissolved in 50 mL of EG under ultrasonic treatment of 45 

minutes. During ultrasonic treatment the graphene oxide sheets were exfoliated giving light 

brown color to the solution mixture. As the mixture starts to homogenize 37 mmol of sodium 

acetate is added slowly to the solution along with 0.69 grams of aluminum nitrate and kept 

on ultrasonic treatment for another 45 minutes to get a fine suspension. After 90 minutes of 

ultrasonic treatment the obtained homogenous mixture of dull brown color is shifted to 100 

mL capacity stainless steel autoclave and fixes it tightly. The autoclave is then kept in an 

electric oven and treated hydrothermally at 180oC for 6 hours. After 6 hours the autoclave is 

put out of oven and cooled to room temperature to release the pressure and open it. The 

obtained hydrothermally treated mixture having suspended black particles is poured in the 

beaker. The solid black particles were separated from the solvent through centrifuge machine 

at 4000 rpm and rinsed thoroughly with distilled water as well as ethanol. Washed sample is 

kept at 65oC for 10 h and then grinded energetically to homogenize the solid powder of 

synthesized nano composite. The grinded powder is roasted at 600oC for 4.30 hours in an 

electric furnace to get the final product of bimetallic nano composite of graphene with ZnAl 

nano particle. The color of the synthesized solid powder changed from black to off white 

after roasting at 600oC.           

 

Fig: 3.5 Flow chart diagram of the steps for the synthesis of rGO-ZnAl2O 
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3.5 Photo-catalytic applications of synthesized composites 

Degradation efficiency of fabricated composites to remove Drimarene Red KBL-4 

dye in the presence of sunlight has been studied using nano composites as nano catalysts in 

photo degradation experiment. Different concentrations of catalyst and H2O2(oxidizing 

agent) has been used to observe the resulted efficiency of changing these concentrations on 

the removal efficiency of the synthesized nano catalysts and optimized the amounts to get 

better efficiency for the removal of organic dyes. Temperature effect towards the catalytic 

efficiency of synthesized products is also evaluated by running the degradation experiment at 

299 to 314 Kelvin. To check the effect of catalyst on the degradation efficiency of 

synthesized nano composites dose concentrations from 0.3 to 0.7 mg per mililitter have been 

used keeping the concentration of hydrogen peroxide constant. Effect of oxidizing agent on 

catalytic behavior is investigated by using 0.1, 0.2 and 0.3 molar solutions of hydrogen 

peroxide keeping the catalyst dose at constant amount. The photo degradation experiment is 

done by first taking the wavelength scan of dye solutions having concentrations of 20, 30, 40 

and 50 ppm. The wavelength is scanned from 300 to 800 nm and takes the λmax of the dye 

used in the photo degradation experiment. The 40 mL volume of dye solution is used for 

each trail and distilled water is used to made the total volume equal for all trails which 

otherwise effect the results. Required amount of catalyst is first dissolved in dye solution and 

kept on stirring for 20 minutes to dissolve the nano catalyst in the solution. After the stirring 

of 20 minutes of stirring the solution containing dye as well as nano catalyst is filtered to 

remove the suspended particles and hydrogen peroxide with water is added in required 

amounts and takes the reading using UV-Visible spectrophotometer. The sample solution of 

dye under study is kept under sunlight and 2 mL solution is put in covet after equal intervals 

to take the absorbance at λmax with respect to contact time. To check the effect of temperature 

the temperature of sample solution is varied. The list of parameters and concentrations of 

catalyst as well as hydrogen peroxide and dye along with volume used are shown in table 

(3.4). 
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Table 3.4 Parameters studied and amounts used in photo degradation experiment 

Effect of 

parameters 

 

Dye 

concentration 

(ppm) 

 

Dye 

solution 

(mL) 

 

Hydrogen 

peroxide 

(Molar) 

 

Catalyst 

dose 

(mg/mL) 

 

Distilled 

water 

(mL) 

 

Total 

volume 

(mL) 

 

Temperature 

(Kelvin) 

Catalyst dose 

20 30 0.3 0.3 7 40 - 

20 30 0.3 0.5 7 40 - 

20 30 0.3 0.7 7 40 - 

Hydrogen 

peroxide 

concentration 

20 30 0.1 0.7 9 40 - 

20 30 0.2 0.7 8 40 - 

20 30 0.3 0.7 7 40 - 

Temperature 

20 30 0.3 0.7 7 40 299 

20 30 0.3 0.7 7 40 304 

20 30 0.3 0.7 7 40 309 

20 30 0.3 0.7 7 40 314 

 

3.6 Applications of synthesized graphene-metal nano composites as fuel 

additives 

The catalytic efficiency of synthesized nano composites of graphene-metal nano 

composites as fuel additives has been studied using commercial diesel and petrol as sample 

fuels. The influence of nano composites on different parameters of diesel and petrol has been 

evaluated at various concentrations of nano catalysts. The influence of synthesized graphene-

metal nano composites has been studied for following properties of fuels  

 Combustion properties 

 Physical properties 

The flow sheet diagram of properties and parameters studied to check the effect of 

synthesized graphene-metal nano composites has been elaborated in figure 3.6. 
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Fig: 3.6 Properties and parameters of commercial diesel & petroleum studied 

The combustion properties of fuels studied include flash & fire point and calorific 

values. The flash & fire points of the fuels used as test samples has been evaluated at 

different concentrations using flash point tester in which 100 mL solution of various 

concentrations is poured to take the reading. The second parameter of combustion properties 

of fuel has been determined using the instrument of bomb calorimeter. The physical 

properties of the fuels used to check the consequence of synthesized nano composites on 

them included cloud & pour points which were determined at the temperature ranging from 

below minus 5 degree Celsius to above 0 degree Celsius. The other physical parameter 

studied is kinematic viscosity which is determined using viscometer in laboratory. Specific 

gravity is measured using gravity meter. The detail of parameters studied and different 

concentrations of nano catalysts used in the form of ppm solutions of test fuels are discussed 

in table 3.5.    
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Table 3.5 Parameters studied in catalytic applications of synthesized composites as fuel 

additives 

Parameters 
Concentration 

(ppm) 

Volume 

(mL) 

Flash & fire point 0 10 20 30 40 100 

Kinematic viscosity 0 10 20 30 40 50 

Specific gravity 0 10 20 30 40 25 

Cloud & pour point 0 10 20 30 40 5 

Calorific value 0 10 20 30 40 1 

 

3.7 Characterization of synthesized graphene composites 

The fabricated samples are analyzed through following techniques to characterize the 

synthesized products 

3.7.1 Scanning electron microscope (SEM) 

Morphological characterization of the synthesized nano composites is done using 

scanning electron microscope. SEM gives the information about surface characterization like 

adsorption of metal oxide nano particles on the surface of graphene as well as surface 

porosity of the synthesized material. Samples of graphene-metal nano composites are first 

grinded thoroughly to get a homogenous powder for better results. Solid powder is then 

mixed in ethanol to form a slurry which is then pasted on carbon substrate (carbon tape) prior 

to SEM analysis. Gold coating of the synthesized nano composites is done using gold coater.     

3.7.2TEM analysis 

This technique is used to analyze morphology, porosity, particle size and internal 

information beyond the surface. As synthesized nano composite samples are agitated 

thoroughly and mix in ethanol using ultrasonic treatment. Sonicated thick sample is then 

spread on 3 mm TEM grid and then analyze through transmission electron microscope.   
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3.7.3 XRD technique 

One gram sample of synthesized graphene-metal nano composite material is taken 

after the purification of the sample as much as possible. Sample is grinned massively to get 

the fine powder which is again grinded with a little amount of organic solvent (ethanol) to 

lower the surface energy which can otherwise disturb the position of peaks moreover the 

grinding of sample using an organic solvent reduce the mesh size of particles as mesh size 

should be less than 10 micrometer. Sample is then taken to sample holder by distributing the 

sample on a glass slide and pack into sample container or spray on a sticky tape. 
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Chapter-4 

RESULTS AND DISCUSSION  

Graphen is fabricated as precursor to further use in the synthesis of graphene 

composites. Synthesized nano composite materials of graphene with metals were then 

subjected to application of dye degradation as well as for fuel additives to evaluate the 

catalytic efficiency of these nano composite particles. The results obtained after the 

characterization of the synthesized graphene-metal nano composite materials are discussed in 

this chapter along with the application of these nano materials to investigate their catalytic 

properties for the removal of pollutants from water and effect of these nano composite 

materials in fuel additives. 

4.1 Characterization of graphene oxide 

4.1.1 XRD results of graphene (GO) 

XRD pattern of graphene oxide with JCPDS No [96-153-6850] is given in figure 4.1. 

Sharp peaks at 2-theta values 10.88, 17.68, 26.52 and 48.42 with planes of (001), (010), 

(101) and (110) showed the formation of graphene oxide and purity of the synthesized 

product. Large interlayer spacing at 8.4 Å is because of oxygen containing species as well as 

gaps between layer planes of highly functional graphene oxide due to strong oxidation. High 

intensity of peaks showed the strong oxidation of the product. Strong intensity peak at 2-theta 

value of 10.58 shows the existence of GO in the pattern and absence of strong peak at 2-

Theta value around 13.5 indicates the absence of graphite in synthesized graphene oxide thus 

the product is highly pure.   
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Fig 4.1 XRD results of GO 

4.1.2 Morphological characterization of synthesized graphene oxide (GO) using SEM 

The results obtained from scanning electron microscope(SEM) analysis of graphene 

oxide powder are given in Fig 4.2 (a, b, c & d) in the form of images which shows layered 

structure of graphene oxide. The analysis is done in the form of powder which is sonicated in 

ethanol and slurry is formed on the surface of carbon tape before the analysis.  Two 

dimensional structure of graphene oxide powder is visible in the SEM images. Structure of 

the GO is highly porous as shown in the images given in figure 4.2. Stacked layers of 

graphene oxide with some thickness show puffy nature of graphene oxide owing to the 

existence of oxygenated species like hydroxyl group, carboxylic group, epoxy group and 

carbonyl group. These oxygen entities present in excess are due to strong oxidation of the 

product during conversion of graphene from graphite. Porosity of GO structure shown in 

SEM images of figure 4.2 is also due to oxygen containing active species present. 

Oxygenated species of graphene surface are responsible for the incorporation of metallic 

particles to form the composite. 



59 
 

 

Fig: 4.2 Morphological characterization of graphene 

4.2 Characterization of rGO-Mn2O 

4.2.1 XRD analysis of rGO-Mn2O 

Characteristic set of peaks in the XRD results of rGO-Mn2O is given in figure 4.3 

with JCPDS No 96-810-3497. The peaks present at 14.33o, 28.90o, 40.67o, 48.21o, 49.14o, 

62.94o and 67.85o with planes of (011), (022), (231), (042), (001), (026) and (021) 

respectively indicated the fabrication of rGO-Mn2O. The sharp peaks in the XRD pattern of 

rGO-Mn2O showed the purity and well crystallization of the synthesized product. The 

presence of graphene in the synthesized composite is indicated by the peak next to 2-Theta 

value of 10 and the peak before 2-Theta value of 30 showed the reduced graphene oxide in 

the synthesized product which indicates the adsorption of nano particles of manganese on 

graphene successfully. Particles of manganese oxide are adsorbed on graphene via active 
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species of oxygen containing groups which reduces the GO during the composite formation 

which is indicated by the presence of strong intensity peak at 2-theta value of 28.90o. The X-

ray diffraction pattern illustrates the characteristic parameters of the synthesized nano 

composite of rGO-Mn2O. The values of structural parameters, bond angles, bond distances as 

well as volume are shown in table 4.1.    
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Fig: 4.3 XRD results of rGO-Mn2O nano composite. 
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Table: 4.1 XRD structures of rGO-Mn2O nano composite.  

Parameters Results 

Space group name I 41/a m d 

Space group number 141 

Unit-cell volume 314.054282 Å^3 

Structure parameters  

Mn1 

Mn2 

O 

0.00000    0.25000   0.12500 

0.00000    0.50000    0.50000 

0.00000    0.47700    0.25800 

Bond distance 

(Mn1-Mn2) 

(O-O) 

(O-Mn1) 

(Mn2-O) 

 

5.76300(0) Å 

2.61640(0) Å 

2.29219(0) Å 

1.94753(0) Å 

Bond angles 

(Mn1-M2n-O) 

(O-O-Mn1) 

(O-Mn1-Mn1) 

16.7085 

93.3151 

66.0866 

2-Theta (o), d-spacing (Å) and miller indices 

(hkl) 

14.33,6.1743 and (011) 

28.90, 3.0871 and (022) 

40.67, 2.2167 and (231) 

                   48.21, 2.622  and (042) 

49.14, 1.8527 and (001) 

62.94, 1.4755 and (026) 

67.85, 1.3802 and (021) 

 

The results of x-ray diffraction studies of the synthesized nano composite showed that 

the rGO-Mn2O nano composite have tetragonal lattice plane with space group I 41/a m d. 

The basic structure of the nano composite is given in figure 4.4 in which one manganese is 

attached with four oxygen atoms and thus interlinked in such alignment with other 

manganese atoms and finally attached on graphene in composite fabrication. The bond 

distance between two manganese atoms, two oxygen atoms, Mn1 with oxygen atoms and 
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Mn2 with oxygen atoms in the product is 5.76300(0) Å, 2.61640(0) Å, 2.29219(0) Å and 

1.94753(0) Å respectively.     

 

 

Fig: 4.4Structures of rGO-Mn2O (a) in three unit cell arrangement (b) & (d) one unit 

cell arrangement with different angles (c) basic structure showing bonding between Mn 

and oxygen atoms. 

Figure 4.4(a) gives structure of Mn2O with arrangement of atoms in three unit cells 

system showing the bonding between one manganese atoms with other manganese atom in 

the crystal system. Moreover the bonds between oxygen atoms and manganese atoms are also 

shown in figure 4.4 (a).  Part (b)of figure 4.4 gives the bonding between manganese and 

oxygen atoms in a single cell unit showing the arrangement of manganese as well as oxygen 

atoms in the single unit cell. Figure 4.4 (d) shows the polyhedral unit cell of manganese 

oxide nano particles in the composite on the surface of reduced graphene.  
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Fig: 4.5Structures of rGO-Mn2O (a) polyhedron arrangement (b) & (c) ball stick 

arrangement (d) space filling 

Single polyhedral structure of manganese oxide incorporated on graphene is shown in 

figure 4.5 (a) while space filling form of these nano particles is shown in figure 4.5 (d) which 

showed a compact arrangement of manganese and oxygen atoms in layers. Parts (b) & (c) of 

figure 4.5 reveals the sticky wire frame form of the manganese oxide nano particles in a three 

unit cell system (Fig 4.5 c) and single unit cell system (Fig 4.5 b). Arrangement of 

manganese and oxygen atoms is clearly seen in the sticky wire frame arrangement in three as 

well as single unit cell system. Two types of manganese are shown in above structures with 

green and light purple color with oxygen atoms with red color.     
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Fig: 4.6Structures of rGO-Mn2O (a) & (b) with different lattice planes (c) and (d) 

polyhedron arrangement in two and three unit cell arrangement 

Lattice planes of manganese oxide structure are shown in Fig 4.6 (a) and 4.6 (b) in a 

tetragonal cell system. Part (d) of figure 4.6 gives polyhedral form of manganese oxide in 

two unit cell system while part (c) of this figure gives polyhedral form of these particles in 

three unit cell system which elaborated the arrangement of manganese oxide atoms as well as 

attachment of manganese with oxygen atoms in manganese oxide nano particles. 

4.2.2 SEM analysis of synthesized graphene-manganese oxide nano composite materials 

The morphological characterization of synthesized rGO-Mn2O nano composite is 

done using this technique. Morphological characterization is performed on powder of Mn2O 

nano composite obtained through wet chemical synthesis method. The result obtained from 

the SEM analysis of synthesized nano composite material of graphene with manganese oxide 

is shown in figure 4.7 in the form of SEM image at different magnifications. The SEM image 

of synthesized graphene nano composite with manganese oxide at magnification of 6000x is 

shown in 4.7 (a). The SEM image show needle like porous structure of the synthesized nano 
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composite. Results indicate the adsorption of manganese oxide nano particles on graphene 

while the arrow at the left side shows the porous structure of the synthesized nano composite. 

Small needle like particles are seems to be dispersed on the surface giving a porous structure 

to the synthesized nano composite. Some particles in the image are also seen in small 

aggregates and are randomly dispersed. Figure 4.7 (b) shows the results for graphene-

manganese oxide nano composite, obtained through SEM analysis at magnification of 1000x. 

Figure 4.7 shows more prominent image of porous structure possessed by the synthesized 

nano composite of manganese oxide with reduced graphene. The surface of the image 

showed porosity in the morphology of the synthesized nano composite of graphene-

manganese oxide structure and lines are drawn around the needle like shape of particles. The 

small needles in the image are shown to made aggregates giving rise to a porous structure of 

nano composite. 

 

Fig: 4.7 Morphology of manganese oxide nano composite  
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4.2.3 Morphological characterization of rGO-Mn2O using TEM 

TEM examination is used to analyze the manufactured nanoparticles. Synthesized 

product is analyzed by TEM analysis to get results about shape and size of these nano 

particles. Figure 4.8 showed the results obtained by the TEM analysis of rGO-Mn2O in the 

form of images. At different magnification of TEM images, the size range of nano particles 

can be varied. TEM give information about the nano particles structure, shape and size. TEM 

analysis showed that the shape of nano composite is needle like with nano particles of 

Manganese oxide attached on the surface of graphene sheets. Dark and light color portions 

can be seen in image which represents the attachment of manganese oxide nano particles 

onto the surface of graphene sheets. Light color showed graphene and the dark part of the 

image showed incorporation of these nano needles onto it. Images are analyzed on different 

magnification powers as on 50 K, b on 60 K, c and d on 100 K magnification.  

 

Fig: 4.8 Morphology of rGO-Mn2O at different magnifications of TEM 
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4.2.4 Formation mechanism of rGO-Mn2O nano composite 

Chemistry of rGO-Mn2O synthesis is given two parts of figure 4.9 (a & b) in which 

nano particles of Mn2O attached on GO during synthesis process of composite. XRD results 

also revealed the attachment of Mn2O particles on GO surface. Formation mechanism of 

rGO-Mn2O via the synthesis of graphene oxide and metal oxide nano particles is given in the 

following equations. Positively charged nano particles of metal oxide incorporated on the 

surface of the graphene via negatively charged active species present on GO surface. 

 

Fig: 4.9 (a) Reactions involved in the formation mechanism of rGO-Mn2O 

(b)Incorporation mechanism of Mn2O nano particles on the surface of GO to form 

rGO-Mn2O. 

4.3 Degradation of Drimarene red KBL-4 using rGO-Mn2O as catalyst  

The effect of metal oxide nano particles decorated graphene nano composite on the 

degradation of Red dye is observed in an adsorption-degradation experiment. Removal 

efficiency of graphene-metal composite as a catalyst is observed. Nano catalysts are 

fabricated through a simple solvothermal approach. Metal oxide nano particles were 
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dispersed in Graphene Oxide suspension and further treated solvothermaly to get the nano 

composite. In this way one dimensional metal oxide nano particles were attached to 2D 

graphene molecules to enhance the catalytic efficiency owing to an increase in surface area 

due to 2D GO.  Catalytic activity of graphene-metal nano composites were tested against 

reactive red dye. The results obtained from the degradation experiment of as prepared nano 

composite are further discussed. These results demonstrated the catalytic behavior of all the 

synthesized products showed these composites as good nano catalyst and adsorbent for waste 

water treatments. 

4.3.1 Photo-catalytic degradation of Drimarene Red KBL-4 using rGO-Mn2O as 

catalyst 

Present work represents the photo catalytic performance of rGO-MnO catalysts 

against the removal of Drimarene red KBL-4 in an adsorption-degradation process in the 

presence of sunlight. The Drimarene Red KBL-4 absorbs in visible range at 520, 310 and 370 

nm (Figure 4.10).Absorbance at 520nm is greater than that of310 and 370 nm, so wavelength 

520nm is chosen to monitor the concentration of the dye at various time intervals. 

 

 

 

Fig: 4.10 UV-Visible spectra of 20 ppm solution of DR-Red KBL-4 at pH 7 
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Hydrogen peroxide is used as oxidizing agent to further speed up the process in the 

presence of rGO-Mn2Onanocatalyst. However the hydrogen peroxide alone cannot degrade 

the dye efficiently and also take much more time in contrast with the presence of catalyst. 

Concentration of hydrogen peroxide is kept times greater than that of dye, thus photo-

catalysis is obeying kinetics of pseudo first according to equation (1). 

                     ln(At/Ao) = kapp × t                                                          (4.1) 

 In this equation Ao is the absorbance at 0 min while the absorbance at any time 

interval is given by At and the kaap gives apparent rate constant. Initially the experimental 

conditions are optimized for photo catalysis then the influence of different parameters on kaap 

of catalysis is studied. These parameters include catalyst dose, hydrogen peroxide 

concentration as well as effect of temperature. Photocatalysis of Drimarene Red KBL-4 using 

rGO-Mn2O as a catalyst under sunlight is given in figure 4.12. The graph showed that the 

absorbance is decreases with respect to time at wavelength 520 nm in the presence of catalyst 

and indicates that the synthesized rGO-Mn2O composite is catalyzing the degradation of dye. 

The dye is almost degraded in 125 minutes (Fig 4.12).Synthesized nano composite of 

manganese oxide possess good dye degradation efficiency. The color of the sample also 

clears that dye has degraded successfully. Initially color of dye solution is red and it fades 

away after degradation. Figure 4.11 showed the mechanism of photocatalysis of the given 

dye in which dye molecules are degraded as they adsorbed on the surface of the catalyst 

under sunlight irradiation.  
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Fig 4.11Mechanism for the photo catalytic degradation of Drimarene red KBL-4 using 

rGO-Mn2O nano catalyst 

Graphene is basically 2D; Sp2 hybridized single atomic layered graphite atoms having 

large surface area and good electron transfer property. Owing to this property of graphene it 

can removes dyes and other contaminants from water system easily especially due to 

fascinating properties of graphene which results in the enhanced adsorption capacity of the 

catalyst to promote degradation of dyes more efficiently. Functionalization of graphene with 

nano particles helps to remove it from water after the process of degradation and also 

enhances its catalytic activity. The combination of metal oxide with 2D graphene remarkably 

enhances the catalytic as well as adsorption characteristics of the nano catalyst. The increase 

in surface area may notably enhance the active sites availability to absorb more and more dye 

molecules on the surface.  
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Fig: 4.12Photocatalytic degradation of DR-KBL-4 using rGO-Mn2O composite as 

catalyst (conditions: [Dye]=20ppm, [H2O2]=0.3 M and [rGO-Mn2O]= 0.7mg/mL) 

The semiconductor nano particles along with 2D graphene when comes in contact 

with radiations of sunlight and oxygen can annihilate organic pollutants. Active species 

generated during the irradiation act as primary oxidants and the oxygen from the air act to 

retard the re-combination of electron hole pairs which enhances the catalytic activity. The 

end result of the degradation of an organic dye is the conversion of toxic dye molecules to 

less toxic forms thus removed from the water system along with the catalyst.  
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Table: 4.2Results of photo catalytic degradation reaction against different parameters  

Parameter Amounts kaap (min-1) 

Correlation 

coefficient  

R2 

Induction 

period to 

(min) 

Reaction 

progress time 

tp(min) 

Catalyst 

concentration 

0.3 mg/mL 0.050 0.995 10 140 

0.5 mg/mL 0.058 0.951 10 140 

0.7 mg/mL 0.088 0.948 10 125 

0.9 mg/mL 0.091 0.965 10 125 

Hydrogen 

peroxide 

concentration 

0.1 M 0.007 0.969 10 140 

0.2 M 0.010 0.986 10 130 

0.3 M 0.015 0.996 10 125 

Temperature 

299 K 0.050 0.995 10 140 

304 K 0.058 0.999 10 140 

309 K 0.060 0.997 0 120 

314 K 0.061 0.998 0 120 

 

4.3.1.1 Effect of catalyst concentration rGO-Mn2O 

To check the catalyst dose effect on efficiency of rGO-Mn2O, different doses of 

catalyst were used. Four experiments are carried out using 0.3, 0.5, 0.7 and 0.9mg/mL 

concentration of catalyst nano composite. Results obtained from the degradation experiment 

of rGO-MnO2 are given below in Figure 4.13. Obtained results are plotted using equation (1). 

The values of ln(𝐴𝑡/𝐴𝑜)  are plotted against time at 0.3, 0.5, 0.7 and 0.9 mg/mL 

concentration of catalyst (Fig 4.13). 
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Fig: 4.13Effect of catalyst concentration on ln(At/Ao) as a function of time at different 

doses of rGO-Mn2O (conditions: [Dye] = 20ppm, [H2O2]= 0.3 M and [rGO-Mn2O] = 0.3 

to 0.9 mg/mL). 

Initially values ofln(𝐴𝑡/𝐴𝑜)not decreased significantly with respect to time in region 

1 which is induction period where the rate of degradation is nearly zero. Induction period for 

all the catalyst dosage of rGO-Mn2O is observed as 10 minutes and seems catalyst dosage 

does not affect its value. After region-1, the plot showed a decreasing trend with the passage 

of time in region-2 which becomes constant at the end of the degradation reaction indicated 

as region-3.Region 2 shows that catalysis is in progress while region 3 shows that catalysis is 

completed. Reaction progress time decreases by increasing catalyst dosage as the dye 

degraded in 140 minutes when 0.3 and 0.5 mg/mL catalyst dosage is used while reaction of 

photo catalytic degradation completed in 125 minutes when 0.7 and 0.9 mg/mL catalyst 

dosage is used. R2 values are shown in Table 4.2 for each concentration catalyst used. It 

shows strong correlation between both variables, ln(At/Ao) and time. Slope of Region 2 is 

equal to the value of kapp.  



74 
 

50 60 70 80 90 100 110 120 130

-5.5

-5.0

-4.5

-4.0

-3.5

-3.0

-2.5

-2.0

-1.5

-1.0

-0.5

 

 

ln
(A

t/A
o
)

Time (min)

 0.3 mg/mL

 0.5 mg/mL

 0.7 mg/mL

 0.9 mg/mL

 

Fig: 4.14Plot used to calculate the apparent rate constant 

The values of apparent rate constant are calculated using the slope of region 2 of the 

plots. The value of kapp is found to be 0.05, 0.058, 0.088 and 0.091 min-1 at 0.3 to 0.9 mg/mL 

dosage of catalyst respectively. The results showed in Figure 4.13 demonstrate that by 

increasing the concentration of the catalyst the apparent rate of degradation also increased. 

The increased rate of degradation on increasing the concentration of the catalyst in dye 

solution increases the adsorption capacity of the catalyst increasing owing to the increased 

number of active species. The power of absorbing the light also increases when the 

concentration of catalyst is increased that played an important role in photocatalytic 

degradation of dyes. As shown in Fig 4.15 when the catalyst concentration is further 

increased the value of kapp increases remarkably due to aggregation of nano particles which 

decreases the adsorption capacity of the catalyst. Maximum value of apparent rate constant is 

observed under these conditions is 0.091min-1. Mahalingam et al observed photo catalytic 

activity of molybdenum oxide nano particles for the degradation of MB from water during 

irradiation of UV-Visible radiations.  The percent degradation is observed to be 97 percent in 

180 minutes under UV radiations and 96 percent during 280 minutes under visible 

irradiations (Mahalingam et al., 2017). Dashairya et al. investigated the photo degradation of 
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RBX and RDB catalyzed by rGO-Sb2O3 under visible light irradiation and also without the 

use of nano catalyst. There is no significant change in color or absorption at lambda max 

when no catalyst is used while in the presence of catalyst both the dyes degraded more than 

90 percent after irradiation under sunlight (Dashairya et al., 2017).  
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Fig: 4.15 Apparent rate of degradation at different dosage of rGO-Mn2O (conditions: 

[Dye] = 20ppm, [H2O2] = 0.3 M and [rGO-Mn2O]= 0.3-0.9 mg/mL). 

4.3.1.2 Effect of H2O2 concentration 

Effect of H2O2 concentration on kaap of degradation of DR-KBL-4 dye is also studied 

using0.7mg/mL of catalyst dose. The values of ln(𝐴𝑡/𝐴𝑜)  at different concentrations of 

hydrogen peroxide (0.1, 0.2 and 0.3 M) are plotted against time and shown in figure 4.16. 

This plot also possesses three regions just like figure 4.16. Linear points of these plots are 

used to calculate the value of kapp (Fig: 4.17).  
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Fig: 4.16 Study of effect of H2O2 concentration on photocatalytic degradation of DR-

KBL-4 using rGO-Mn2O composite as catalyst conditions: ([Dye]=20ppm, [H2O2]= 0.1, 

0.2 and 0.3 M and [rGO-Mn2O]= 0.7mg/mL). 

The values of kapp are 0.007, 0.01 and 0.015 min-1 for 0.1 M, 0.2 M and 0.3 M 

concentration of hydrogen peroxide. It is observed that the values of kapp of all these plots are 

different from each other. This shows that the apparent rate of photocatalytic degradation is 

effect by changing the H2O2 concentration. Reaction progress time and induction period 

duration is almost same under different concentrations of hydrogen peroxide. Induction 

period is same at concentrations during which rate of degradation is almost zero and there is 

no effect of hydrogen peroxide concentration on induction period time. R2 values calculated 

for 0.1, 0.2 and 0.3 M concentrations of hydrogen peroxide are 0.969, 0.986 and 0.996 

respectively. 
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Fig: 4.17Plot used to calculate the apparent rate constant 

The plot of apparent rate constant of photocatalytic dye degradation against different 

concentrations of hydrogen peroxide is shown in Fig4.18. The plot showed that as the 

concentration of hydrogen peroxide increases in the reaction system of dye removal the rate 

of degradation also increased. The 𝑘𝑎𝑎𝑝 for 0.1M H2O2 is 0.007 min-1 which increases to 

0.01min-1 for 0.2M concentration of hydrogen peroxide. The value of 𝑘𝑎𝑎𝑝 increased from 

0.01 to 0.015 on increasing the value of hydrogen peroxide upto 0.3 M indicating a 

significant effect of oxidizing agent on rate of degradation showing a remarkable increase in 

dye conversion due to more oxidizing species present. The rate of degradation is increased at 

higher concentrations of hydrogen peroxide owing to the increased number of hydroxyl free 

radicals provided by H2O2 during photocatalysis. More over the value of kapp at 0.3 M H2O2 

is two times greater than value of kapp at 0.2 M hydrogen peroxide. This show that values of 

kapp increases linearly with concentration of H2O2. The values of kapp increase exponentially.  

This shows that kapp strongly depends upon concentration of H2O2. Borthakur et al used 

Congo red dye check the influence of of hydrogen peroxide towards photocatalytic efficiency 

of reduced graphene oxide-CuS nano composite. Increased rates of degradation were 

observed at higher concentrations of oxidizing agent (Borthakuret al., 2016). 
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Fig: 4.18Apparent rate of degradation at different H2O2 concentrations composite as 

catalyst conditions: ([Dye]=20ppm, [H2O2]= 0.1, 0.2 and 0.3 M and rGO-[Mn2O]= 

0.7mg/mL). 

4.3.1.3 Catalytic thermal degradation 

Catalytic thermal degradation of the given dye catalyzed by synthesized nano 

composites is also evaluated using 299 K to 315 K range of temperature with an increment of 

5 K is observed. Catalyst dosage of 0.7mg/mL and concentration of hydrogen peroxide0.3 M 

has been used to check the effect of temperature on catalytic behavior of graphene nano 

composite with manganese oxide. Obtained results showed an increase in dye removal 

efficiency of the synthesized product with increase in temperature up to a certain limit at 

optimized circumstances. Induction period where rate of degradation is not in progress is 10 

minutes for 299 and 304 K, which decreases to zero at 309 as well as at 314 K. Thus 

induction period decreases at higher temperatures. Reaction completion time also decreases 

to 120 min at 314 K temperature indicating increased rate of degradation at high 

temperatures. R2 values at 299, 304, 309 and 314 K temperature are 0.995, 0.999, 0.997 and 

0.998 respectively. 
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Fig: 4.19 Catalytic thermal degradation of DR-KBL-4 utilizing rGO-Mn2O composite 

as catalyst conditions: ([Dye]=20ppm, [H2O2]= 0.3 M, rGO-Mn2O = 0.7mg/mL and 

temperature=299, 304, 309 and 314 K). 

The results of catalytic thermal degradation of the given dye are shown in Fig 4.19 

plotted as ln(𝐴𝑡/𝐴𝑜)  against time at different temperatures using optimized amounts of 

catalyst and hydrogen peroxide concentration. A decrease in the values of ln(𝐴𝑡/𝐴𝑜) on 

increasing the temperature from 299 to 309 K indicated that the photo catalytic degradation 

of dye is taken place at all range of temperature. On increasing the temperature from 299 K a 

significant decrease is shown in ln(𝐴𝑡/𝐴𝑜)plots indicating that the temperature enhances the 

photo catalytic efficiency of the synthesized nano composite. Further increase in temperature 

from 309 to 314 K does not alter the rate of degradation as much which indicates that the 

enhancement of catalytic activity of synthesized rGO-Mn2Onano composite with increasing 

the temperature is up to a limited temperature range. Further increase in temperature does not 

alter the efficiency of synthesized product toward dye degradation. The linear decrease in the 

plots by increasing the temperature indicates that photocatalytic reaction is obeying pseudo 

first order kinetics. 
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Fig: 4.20Plot used to calculate apparent rate constant  

Apparent rate constant is calculated from the slope (Figure 4.20). The value of kaap is 

found to be 0.050, 0.058, 0.060 and 0.061 min-1 at 299, 304, 309 and 314 K temperatures 

respectively. Figure 4.21 shows the plotted values of 𝑘𝑎𝑎𝑝  against temperature used. The 

apparent rate of degradation increases by increasing the temperature but the increasing trend 

is not linear. Obtained results are analyzed with Arrhenius equation as 

ln𝑘𝑎𝑎𝑝 = lnA −
Ea

RT
                                                              (4.2) 

The Arrhenius equation gives an inverse relation between the values of 1/T and ln kapp. As 

the temperature increases, the value of 1/T decreases and at decreased values the apparent 

rate constant increases. 
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Fig: 4.21 Plot of kapp as a function of temperature of photocatalytic degradation of dye 

using rGO-Mn2O composite as catalyst conditions: ([Dye]=20ppm, [H2O2]= 0.3 

M,[rGO-Mn2O] = 0.7mg/mL). 

The value of lnkaap is plotted against 1/T in Arrhenius plot. The Arrhenius Plot shows 

increased rates of degradation by changing the range of temperature from lower to higher 

values. When 1/T changed from 0.003344 to 0.0032894 K-1, there is a linear trend of 

increasing values of 𝑘𝑎𝑎𝑝. The higher range of temperature speeds up the catalytic thermal 

degradation of the given dye. The increase in number of collisions ultimately increases the 

chances of more adsorbed dye molecules on catalyst to cross the energy barrier and 

converted to products. Reaction progress time also decreases which indicate a significant 

effect of increasing temperature on catalytic behavior of the synthesized product. The values 

of Ea and A’ are calculated from slope and intercept of Arrhenius plot respectively. Larger 

value of A indicates high number of collisions among reactant molecules and Ea is energy of 

activation. 
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Fig: 4.22 Plot of ln kapp versus1/T of photocatalytic degradation of dye using rGO-

Mn2O composite as catalyst. 
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Fig: 4.23 Plot of ln (kapp/T) versus1/T of photocatalytic degradation of dye using rGO-

Mn2O composite as catalyst. 
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The dependence of kapp upon temperature is also analyzed using Eyring equation (4.3). 

                             ln
𝑘𝑎𝑎𝑝

T
= ln

𝑘𝐵

ℎ
+

∆𝑆∗

𝑅
−

∆𝐻∗

𝑅T
                                       (4.3) 

Variable ln(kapp/T) versus temperature is plotted in Eyring plot (Figure4.23). 

According to Eyring plot the values of ln(kapp/T) are enhanced on enhancing the range of 

temperature. When 1/T changed from 0.003344 to 0.003184 K-1, significant change in the 

catalytic power of manganese oxide composite is observed for the removal of test dye. This 

plot is linear which shows that the photo-catalysis is obeying Eyring equation. The trend of 

Eyring plot of experimental data showed the increased removal efficiency up to specific 

range of temperature owing to increase in kinetic energy of molecules which helps to cross 

the energy barrier of the reaction system.   

Table: 4.3 Parameters calculated using Arrhenius and Eyring equation 

Catalyst 

Parameters calculated using 

Arrhenius equation 

Parameters calculated using 

Eyring equation 

Ea (J/mol) A (min-1) H*(J/mol) S*(J/mole) 

rGO-Mn2O 

nano 

composite 

13.0 × 104 87.0 × 109 13.97 × 104 28.026 

 

The values of enthalpy (∆𝐻∗) and entropy (∆𝑆∗) of catalytic thermal degradation 

reaction are observed using Eyring plot. The value of H* is found to be greater than zero 

which shows reaction towards forward direction is favored under these conditions. Positive 

(S*) indicates that this catalysis is spontaneous and thermodynamically favorable. Such 

reactions moved spontaneously towards forward direction and are called entropy driven 

reaction. The values of Eyring parameters (H* and S*) calculated for synthesized nano 

composites showed that photo catalysis is an entropy driven endothermic reaction which 

proceed towards quick product formation by increasing the temperature.  
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4.3.1.4 Percent degradation of dye  

The percent degradation of the given dye using synthesized composites as catalyst 

can be evaluated using Beer-Lambert law by the given equation. 

      R(%) =
Co−C

Co
× 100                                                  (4.4) 

In the given equation, the R(%) stands for the percent degradation of nano catalyst, Co 

and C represent the dye concentration at zero minute as well as after specific time. The Beer-

Lambert law gives the relation between absorbance and concentration as the concentration of 

the given solution is proportional to the absorbance. So, the removal efficiency of the 

synthesized nano catalyst can also be calculated as follows 

R(%)
Ao−A

Ao
× 100                                                    (4.5) 

Here Ao and At represents the absorbance of the dye solution in photo degradation 

reaction at time 0 and t. Histogram of percent degradation versus concentrations of 

synthesized nano catalyst of rGO-Mn2O and H2O2is given(Fig 4.24). The percent degradation 

of the dye from water at 0.7 mg/mL catalyst dose and 0.3 M hydrogen peroxide 

concentration is calculated up to 97%.  This plot also shows that percent degradation 

increases with increase in catalyst and H2O2 dose.    
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Fig: 4.24 Histogram of percent degradation of DR-KBL-4 red dye  
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4.4 Application of synthesized rGO-Mn2O nano composites as fuel 

additives 

Synthesized graphene-metal (rGO-Mn2O) nano composites used as fuel additive in 

diesel. Different parameters are measured to evaluate the role of addition of nano particles in 

fuel as additives.  

4.4.1 Flash and Fire points 

Fire and flash temperatures of diesel blended with nano composite are measured at 

different concentrations of additive (0, 10, 20, 30 and 40 ppm) according to ASTM standard 

D93. Obtained results are plotted as flash and fire points against concentration of synthesized 

nano particles. The flash temperature without the addition of additive is 71oC which 

decreased affectively at higher concentrations of synthesized composite (rGO-Mn2O). Fire 

point temperature of unblended diesel is found as 74oC which also decrease smoothly upon 

increasing the concentration of rGO-Mn2O nano composite in the fuel sample. The decreased 

flash and fire point temperature of the diesel with increasing the concentration of additive 

showed the better catalytic behavior of nano composite towards combustion properties of the 

fuel. Decrease in the values of flash and fire points showed a linear trend by increasing the 

concentration of synthesized nano composite of rGO-Mn2O in the fuel (Fig 4.25). 
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Fig: 4.25 Dependence of fire & flash temperature upon the concentration of rGO-Mn2O 

nano composite.  
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4.4.2 Cloud point and pour point 

Synthesized nano composite of graphene with manganese oxide is used to check the 

effect of additive on cloud temperature properties of fuel. Cloud and pour point of fuel 

without the addition of any nano composite (0 ppm) as well as at different concentrations of 

additives is measured using thermometer. The observations of the cloud and pour points 

values are given in figure 4.26 in the form of plot between concentrations (ppm) of nano 

composite in the fuel versus values of cloud and pour points. Plot in figure 4.26 showed a 

decreasing trend of cloud point values with increasing concentrations of nano composite 

rGO-Mn2O. The cloud point value of pure fuel without any addition of nano particles is 

evaluated as 7oC which decreases upto 5oC upon addition of nano composite. The pour point 

values of fuel blended with synthesized nano composite further decreases by 2oC upon 40 

ppm increment of nano composite in the fuel sample. Khalid et al., investigated stannous 

oxide as additives in fuel and studied different parameters and properties of fuel after the 

addition of stannous oxide nano particles. A decrease of 5oC is observed by increment of 10 

ppm concentration of stannous oxide nano particles each time up to 40 ppm. On the other 

hand kinematic viscosity and specific gravity of the fuel increased with increasing of 

stannous oxide nano particles in the fuel (Khalid et al., 2017). 
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Fig: 4.26 Plot of cloud and pour points of fuel (diesel) at different concentrations of 

additive rGO-Mn2O. 



87 
 

4.4.3 Specific gravity 

Gravity meter is used to measure the specific gravity of fuel (diesel) at varying 

concentrations of rGO-Mn2O with ASTM D1298 working standard. Fuel samples with 

different concentrations of rGO-Mn2O are prepared from 0 ppm (without nano particles) to 

40 ppm to measure the calorific values at these concentrations. Plot of specific gravity values 

versus concentration of these nano particles used is given in figure 4.27 which represents the 

obtained results. Addition of rGO-Mn2O nano composite increases the value of specific 

gravity of fuel from the value measure without additive material. Moreover concentration 

also affects the values of specific gravity of diesel (Fig 4.27). Specific gravity of the diesel 

enhances at higher concentrations of additive. The value for specific gravity of the fuel 

increases slowly from 0 to 10 ppm concentration of additive particles of manganese oxide 

composite in the fuel but increases rapidly as the concentration increases from 10 pp up to 40 

ppm concentration of these nano particles. 
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Fig: 4.27 Plot of specific gravity of fuel (diesel) at different concentrations of additive 

rGO-Mn2O. 
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4.4.4 Kinematic viscosity 

Viscosity of the diesel with and without the addition of rGO-Mn2O nano composite is 

measured at different concentrations of these nano particles (0, 10, 20, 30 and 40 ppm) using 

viscometer at lab scale according to working standard of ASTM D445. Plot of kinematic 

viscosity versus catalyst dosage is given in figure 4.28. Distilled water is used as reference 

standard for the measurements of kinematic viscosity using the equation 4.6. 

 

                                  ηKinematic = 
ηdiesel

ηwater
                                                  (4.6) 

Where          

                                               
ηdiesel

ηwater
= 

ηwater×tdiesel

dwater×twater
 

Different concentrations of synthesized nano composite material are used to observe 

the effect of additive on kinematic viscosity according to above equation where the value of t 

diesel and t water are calculated using viscometer and density of water is calculated by 

specific gravity method. Kinematic viscosity of the fuel increases by increasing the catalyst 

dosage in the fuel. The increase in viscosity is due to adsorption of these synthesized nano 

particles between the layers of fuel which ultimately enhanced the efficiency of engine. 
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Fig: 4.28 Plot of kinematic viscosity of fuel (diesel) at different concentrations of 

additive rGO-Mn2O. 

4.4.5 Calorific values 

Calorific values of the commercial diesel at zero concentration of catalyst dosage as 

well as 10, 20, 30 and 40 ppm concentration of rGO-Mn2O catalyst dosage are measured 

using oxygen bomb calorimeter (ASTM D240 working standard). Measured calorific values 

of diesel without the addition of any catalyst dosage and at different concentrations of 

catalyst dosage (rGO-Mn2O) are plotted against the concentration of catalyst dosage (Fig 

4.29).It is observed in the plot of figure 4.29 the nano composite of rGO-Mn2O showed to 

alter the combustion in the fuel (diesel). Calorific value of pure fuel (without nano catalyst) is 

compared with the calorific values of fuel measured at different concentrations which 

indicated that the calorific values enhanced with the composite of rGO-Mn2O. The 

manganese oxide composite as additive when enhanced in fuel, the number of oxygenated 

active sites also increases. The increased number of active sites increased the supply of 

oxygen thus increasing the energy contents of the fuel. 
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Fig: 4.29 Plot of Calorific values of fuel (diesel) at different concentrations of additive 

rGO-Mn2O. 

4.5 Characterization of rGO-ZrO2  

4.5.1 XRD analysis of rGO-ZrO2  

The XRD pattern of synthesized nano composite containing reduced graphene oxide 

incorporated with zirconium oxide nano particles is given in Fig 4.30 with JCPDS No 96-

900-5835. Sharpness of the peaks indicates the purity of the synthesized nano composite 

product. Sharp peaks are observed at 2-theta values of 30.52, 35.32, 44.58, 50.61 and 60.31 

corresponding to the planes of (010), (011), (021), (001) and (110) respectively which 

confirm the synthesis of rGO-ZrO2 nano composite material. Sharp peak at 2-theta value of 

28.9 confirms reduced graphene in composite of zirconium oxide thus graphene oxide sheets 

used for the fabrication of nano composite converts to reduced graphene during the 

fabrication of this nano composite of zirconium oxide with graphene. Strong peak at 2-theta 

value of 10 also diminished which indicate the conversion and distortion of GO to rGO thus 

nano ZrO2particles are incorporated on graphene in the formation process. All peaks are 

sharp which show a good crystallization pattern of the synthesized product.     



91 
 

10 20 30 40 50 60 70 80

 

 

In
te

n
s

it
y

2-theta values

[96-900-5835]O2Zr(010)

(001)

(110)(011)

(rGO)

(021)

 

Fig: 4.30 XRD pattern of rGO-ZrO2 nano composite 

The XRD analysis of rGO-ZrO2nano composite shows that this product has orthorhombic 

structure with space group p b c m (57). The ZrO2nano particles are adsorbed on the surface 

of reduced graphene, discussed with different orientations, positions of atoms at different 

orientations and unit cell arrangements (Fig 4.31). Figure 4.31 (a) shows the bonds between 

atoms in a single unit cell while Fig. 4.31 (b) shows basic positions of atoms. It can be seen 

from fig. 4.31 (b) that two zirconium atoms are present in the center while four zirconium 

atoms are present on the faces. The eight oxygen atoms designated as O1 are present on the 

faces while the six oxygen atoms designated as O2 are present at different positions, two of 

which are present in the center and four at the faces (Fig. 4.31 b). Total share of Zr atoms is 

four while that of oxygen atoms is eight thus the ratio of Zr and oxygen is 1:2 that confirms 

the formula of ZrO2. Figure 4.31 (c) positions of atoms in two unit cells and Fig. 4.31 (d) & 

(e) positions of atoms in three unit cell in stick model and the bonds between atoms in three 

unit cells arrangement respectively. Other phases of zirconium transferred to orthorhombic 

that retained on heating at room temperature.  
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Fig. 4.31  The structural model of ZrO2 (a) view of unit cell showing bond between 

atoms (b) simple view of unit cell (c) two unit cell arrangement (d) three unit cells 

arrangement in stick model and (e) shows the bonds between atoms in three unit cells 

arrangement. 

4.5.2 SEM analysis of synthesized graphene-zirconium oxide nano composite materials 

Morphological characterization of the synthesized nano composite material of 

graphene with zirconium oxide is done through scanning electron microscopy at different 

magnifications. Results obtained by SEM analysis of the synthesized sample nano composite 

material are given in the figure 4.32 in the form of image. The SEM image of synthesized 

nano composite material of graphene with zirconium oxide showed spherical shaped tiny 

particles arranged randomly on the surface of the composite. The zirconium oxide nano 

particles are incorporated on graphene as shown in the SEM image (Fig 4.32). Highly porous 

structure of composite possesses meso porous characteristics in the structure. Arrows in the 

image showed some of the porous parts of the surface in the image and red lines show small 

spherical particles of the synthesized nano composite. Some tiny particles formed aggregates 

due to agglomeration of nano particles with each other. The SEM images at different 

magnifications are given that shows the spherical shaped particles of the synthesized nano 
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composite material (Fig 4.32). The small nano particles of the zirconium oxide are randomly 

adsorbed. Some aggregates forms by the agglomeration of tiny particles in the composite also 

showed spherical morphology. Some spherical particles are shown with red lines and circles 

in the image and the arrows in red color showed the porous morphology of the nano 

composite material. 

 

Fig: 4.32 SEM image of synthesized graphene-zirconium oxide nano composite  

4.5.3 TEM analysis of rGO-ZrO nano composite: 

Synthesized nano composite of rGO-ZrO2 is characterized using TEM. Results are 

obtained in the form of images as shown in figure 4.33. TEM results showed spherical like 

structures of these composite materials in which particles size ranges from 5 to 25 nm. 

Particles are arranged in the form of clusters as shown in figure 4.33 the dark portion 

represents zirconium oxide while lighter portion of the image showed graphene oxide 

particles. Light and dark portions in images are seen indicating the incorporation of 
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zirconium oxide nano particles to GO. The lighter portion of the images is due the presence 

of graphene while the darker portions of these results are showing the presence of metallic 

oxide nano particles in the form of composite.  

 

Fig 4.33 TEM images of rGO-ZrO2nano composite 

4.6 Formation mechanism of rGO-ZrO2 nano composite 

Fabrication of rGO-ZrO2 nano composite is shown in figure 4.34 in which zirconium 

oxide nano particles are incorporated on GO sheets. Graphene suspension is when treated 

hydrothermally at 180oC with zirconium oxide nano particles, the nano particles of zirconium 

oxide attached with active species of graphene present on its surface. Zirconium oxide nano 

particles are incorporated with GO through active species of surface and graphene oxide 

reduces to rGO during the formation of composite.  
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Fig: 4.34 Formation mechanism of rGO-ZrO2 nano composite 

4.7Degradation of various dyes using rGO-ZrO2 as catalyst  

Photo catalytic behavior of fabricated nano composite of rGO-ZrO2 is investigated in 

the removal of Drinaene Red KBL-4 under sunlight using hydrogen peroxide as oxidizing 

agent.  

4.7.1 Photo-catalytic degradation of Drimarene Red KBL-4 using rGO-ZrO2 as catalyst 

Photo catalytic degradation reaction for the removal of DR-KBL-4 in the presence of 

sunlight is catalyzed by rGO-ZrO2 in the present study. Different parameters including 

catalyst dosage, hydrogen peroxide concentration and temperature are analyzed and 

optimized to get the maximum removal capacity of synthesized product. Decrease in the 

intensity of strongest peak at lambda max 520 nm is observed as the dye degraded by adding 

the nano catalyst in a photo catalytic reaction. Hydrogen peroxide also facilitates the 

degradation reaction catalyzing by rGO-ZrO2 nano composite. UV-Visible spectrum of the 
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given dye at 20 ppm concentration is given in figure 4.10 without the addition of any nano 

catalyst. Concentration of dye solution is kept at 20 ppm concentration for all the reactions 

and other parameters are changed for the optimization one by one. Dye solution is kept on 

stirring for 15 to 20 minutes after adding the nano catalyst into it and then taken for the 

irradiation under sun light where the degradation speeds up due to absorption of photons. 2 to 

3mL dye solution is taken after different time intervals and filter before to take absorbance 

using a UV-Visible spectrophotometer.   

 

 

Fig: 4.35 Photocatalytic degradation of DR-KBL-4 using rGO-ZrO2 composite as 

catalyst conditions: (Dye solution = 20ppm, [H2O2] = 0.3 M and [rGO-ZrO2] = 

0.7mg/mL) 

Addition of nano catalyst to dye solution along with hydrogen peroxide in the 

presence of sunlight decreases the absorption value of the dye at lambda max which indicates 

that the dye has degraded and changed to other products (Shamaila et al., 2017). At 

optimized conditions of catalyst dosage (0.7 mg/mL) and H2O2 (0.3 M), the dye almost 

degraded in 129 minutes in the presence of sunlight. Degradation of Drimarene Red KBL-4 

in the presence of nano catalyst is shown in figure 4.35 where absorbance at lambda max 

decreases with the passage of time. A dramatic representation of photo catalytic degradation 
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mechanism of Drimarene Red KBL-4 is in the presence of rGO-ZrO2 nano catalyst is shown 

in figure 4.36. The dye molecules shown in red color balls adsorbed on zirconium oxide nano 

catalyst using hydrogen peroxide under sunlight irradiation degrade the toxic products into 

some other products. Oxygenated species of zirconium oxide composite provide electrons 

and oxygen free radicals which helps to degrade the dye when photons are adsorbed, 

moreover hydrogen peroxide release (OH) free radicals in the presence of photons which 

comes from electromagnetic radiations of sun. These hydroxyl free radicals also speed up the 

photo catalytic degradation of the given dye. Mechanism of photo catalytic dye degradation 

catalyzed by rGO-ZrO2 along with H2O2 is given as   

rGO − ZrO2 + ℎ𝜗 → e− +ℎ+ 

e− + O2 → O2
− 

h+ +H2O2 → OH∗ + H+ 

Dye molecules + OH∗/O2
-→ intermediate → dye degraded 

 

 

Fig: 4.36 Mechanism of photo catalytic degradation of Drimarene red KBL-4 using 

rGO-ZrO2 nano catalyst 
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Table: 4.4 Results of photo catalytic degradation reaction against different parameters 

Parameter Amounts kaap (min-1) R2 

Induction 

period t0 

(min) 

Reaction 

progress time 

tp (min) 

Catalyst  

dosage 

0.3 (mg/mL) 0.009 0.993 25 129 

0.5 (mg/mL) 0.010 0.990 5 129 

0.7 (mg/mL) 0.011 0.998 0 129 

Hydrogen 

peroxide 

conc. 

0.1 M 0.009 0.996 17 130 

0.2 M 0.010 0.999 5 130 

0.3 m 0.011 0.997 0 117 

Temperature 

299 K 0.011 0.998 17 129 

304 K 0.017 0.994 5 125 

309 K 0.025 0.997 0 117 

314 K 0.027 0.996 0 117 

 

Boruah et al., fabricated a ternary nano composite of graphene in which graphene is 

incorporated with iron-vanadium oxide nano particles. This product is employed for the 

degradation of an anionic as well as a cationic dye using reducing agents in photocatalysis. 

Influence of various parameters is also observed and optimization of these parameters is done 

during the degradation reaction (Boruah et al., 2018).   

4.7.1.1 Influence of catalyst dose 

The degradation rate is evaluated using different catalyst dosage to get the better 

efficiency of the synthesized product. The catalyst dosage is also optimized during this part 

of degradation reaction. Different dosage of catalyst used is 0.3, 0.5 & 0.7 mg in 20 ppm dye 

solution which remained constant throughout the reaction. The results obtained from photo 

catalytic degradation of Drimarene red KBL-4 catalyzed by rGO-ZrO2 are plotted as 

ln(At/Ao) values different catalyst dosage versus time (Figure 4.37). The plots of ln(At/Ao) 

show a slow decrease at first termed as induction period then the rate of degradation speeds 

up indicated by the remarkable reduction trend of this plot which approaches to constant 
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values at completion. This decrease showed linear trend and decreases with respect to time 

which proved the as synthesized graphene nano composite with zirconium oxide poses good 

catalytic properties for dye degradation as well as good adsorption behavior.  Induction 

period for 0.3 mg/mL catalyst dosage is observed as 25 minutes which decreases to 5 minutes 

as the dosage increases to 0.5 and becomes zero when 0.7 mg catalyst dosage is used. The 

decrease in induction period with increasing the amount of catalyst dosage is at higher rates 

of degradation when dosage of catalyst is increased. There is no change in progress time of 

degradation which remained 129 minutes for all the catalyst dosage. R2 values for different 

catalyst dosage calculated from the plot are given in table.        
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Fig: 4.37 Effect of catalyst dose on catalytic degradation of DR-KBL-4 using rGO-ZrO2 

composite as catalyst conditions: ([Dye solution] =20ppm, [H2O2= 0.3 M] and [rGO-

ZrO2] = 0.3-0.7 mg/mL) 

The values of ln(At/Ao) decreases as the catalyst dose increases from 0.3 to o.5 mg 

which showed better degradation property of the nano catalyst with increasing the its 

concentration in the dye solution. The values of ln(At/Ao) further decreases remarkably as 
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the catalyst dose increases from 0.5 to 0.7 mg in the solution of the given dye. The 

decreasing trend of the plot with increasing the dose of nano catalyst is owing to the increase 

in surface active species which generates more oxygen containing active groups which are 

responsible to degrade the organic dye from nano catalyst surface in photo degradation 

experiment (Jiang et al., 2018). Furthermore an increased amount of nano catalyst in dye 

enhances chance of adsorption for more dye molecules on the surface which then degraded in 

the presence of sunlight (Shen et al., 2015). Linear portion of this plot is used to calculate the 

values of kaap which are plotted against catalyst dosage in Fig 4.38. 
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Fig: 4.38 Plot used to calculate kaap values 

Apparent rate values for catalyst dosage are calculated as 0.009, 0.01 and 0.11 min-1. The 

kaap plotted against the concentration of catalyst showed higher rates of degradation at 

higher catalyst dose thus the rate of degradation also increase due to more adsorption sites 

available and more active species which degrade the given dye more efficiently. The kaap 

value of 0.01 for 0.5 mg/mL of nano catalyst showed the better catalytic behavior of rGO-

ZrO2 nano composite as compared to 0.3 mg/mL of same nano catalyst with kaap value of 
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0.009. The values of kaap further increased with composite material in the solution. The 

increase in kaapvalues with nano catalyst is related to the enhancement of surface area for 

adsorption of more and more dye molecules. (Oliva et al., 2018).  
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Fig: 4.39 Plot of 𝐤𝐚𝐚𝐩 vs catalyst dosage using rGO-ZrO2 composite as catalyst 

conditions: ([Dye solution] = 20ppm, [H2O2= 0.3 M] and [rGO-ZrO2] = 0.3-0.7 mg/mL). 

Shende et al., fabricated three composites of graphene with titanium oxide, cerium-

titanium and iron-titanium nano particles using simple solvent assisted synthetic approaches. 

The three composites are used for the degradation of crystal violet organic dye and compare 

the photo catalytic efficiency of these three synthesized nano composites as photo catalyst. 

Among the three fabricated nano composites of graphene iron-titanium incorporated 

graphene nano composite showed the best results (Shende et al., 2018).      

4.7.1 .2 Effect of H2O2 on the degradation efficiency of rGO-ZrO2 

Different hydrogen peroxide mole ratios (0.1, 0.2 & 0.3) are used at optimized 

amount of synthesized nano composite of rGO-ZrO2 in the presence of sunlight to check the 
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effect of H2O2 on the catalytic behavior of this nano catalyst. The obtained results are plotted 

as ln(𝐴𝑡/𝐴𝑜)with respect to time in figure 4.40.The results shows decreased values of 

ln(At/Ao) on increasing H2O2molarities. Figure 4.40 showed the effect of changing the mole 

ratio from 0.1 to 0.2 molar on the values of ln(At/Ao) which decreases which further 

decreases at higher molar concentrations promoting the removal of dye under 

electromagnetic radiations of sunlight by providing more oxidizing species (Rosu et al., 

2016). These oxidizing species in the presence of sunlight degraded the adsorbed dye 

molecules more efficiently (Alamelu et al., 2018). 
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Fig: 4.40 Effect of H2O2 concentration on catalytic degradation of DR-KBL-4 using 

rGO-ZrO2 composite as catalyst conditions: ([Dye solution] =20ppm, [H2O2] = 0.1, 0.2 

and0.3 M and [rGO-ZrO2]= 0.7mg/mL) 

The values of kaap are 0.009, 0.01 and 0.011 min-1 for 0.1, 0.2 and 0.3 M hydrogen 

peroxide concentrations. It is observed that the values of kaap of all these plots are different 

from each other. This shows that molarity of hydrogen peroxide is affecting the kaap of 

photo-catalysis. Reaction progress time duration is almost same under all the molar 

concentrations. Induction period for 0.1 and 0.2 molar the concentrations of hydrogen 

peroxide is 17 and 5 minutes respectively during which rate of degradation is almost zero and 

there is no effect of hydrogen peroxide concentration on induction period time. Induction 
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period becomes zero when 0.3 M concentration is used. R2 values calculated for 0.1, 0.2 and 

0.3 M concentrations of hydrogen peroxide are 0.996, 0.999 and 0.997 respectively. 
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Fig: 4.41 Plot used to calculate kaap values 

Plot ofkaap  versus hydrogen peroxide revealed that the kaap  values increase with 

molar ratio of hydrogen peroxide thus promoting rate of degradation. Values of kaap 

increased from 0.009, 0.1 and 0.011 by increasing the molarity ratio from 0.1 to 0.2 and then 

to 0.3 molar respectively. As more and more light absorbed rGO-ZrO2 through the active 

species present the rate of photo catalytic degradation increases which is further enhanced by 

the use of hydrogen peroxide as oxidizing agent along with nano catalyst as it provide 

hydroxyl radicals which speed up the rate of catalysis under sunlight. 
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Fig: 4.42 Plot of 𝐤𝐚𝐚𝐩 vs catalyst dosage using rGO-ZrO2 composite as catalyst 

conditions: ([Dye solution] =20ppm, [H2O2] = 0.1, 0.2 and 0.3 M and [rGO-ZrO2] = 

0.7mg/mL) 

4.7.1.3 Catalytic thermal degradation usingasrGO-ZrO2 catalyst 

Catalytic thermal degradation of Drimearene red KBL-4 dye catalyzed by fabricated 

nano composite of rGO-ZrO2 is studied by succeeding this degradation reaction at 299 K to 

314 K. Required temperatures is attained by heating the mixture of dye solution along with 

optimized amount of nano catalyst (0.7 mg/mL) and H2O2 (0.3 M) in an oil bath during 

stirring. Obtained results are plotted with respect to time given in figure 4.43. Induction 

period where rate of degradation is not in progress is 17 minutes for 299 and 5 minutes for 

304 K, which decreases to zero at 309 as well as at 314 K. Thus induction period decreases at 

higher temperatures. Reaction completion time also decreases to 120 min at 314 K 

temperature indicating increased rate of degradation at high temperatures. R2 values at 299, 

304, 309 and 314 K are 0.998, 0.994, 0.097 and 0.996 respectively. 
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Fig: 4.43 Catalytic thermal degradation of DR-KBL-4 with rGO-ZrO2 composite as 

catalyst conditions: ([Dye solution] =20ppm, [H2O2] = 0.3 M and [rGO-ZrO2] = 

0.7mg/mL). 

At different temperatures plot of ln(𝐴𝑡/𝐴𝑜) versus temperature using optimized 

amounts of catalyst and hydrogen peroxide concentration is given (Fig 4.43). Decrease in 

ln(𝐴𝑡/𝐴0)  by increasing the temperature from 299 to 304 K is observed which indicated that 

the photo catalytic degradation of dye is taken place at all temperatures. The linear decrease 

of plots on increase in temperature reveals the degradation as pseudo first order reaction. 

Values of ln(At/Ao) decreased remarkably with increase in temperature up to a certain limit 

after which increase in temperature may not affect the catalytic behavior of nano catalyst. 

The values of ln(At/Ao) decreases as the temperature increased from 299 to 304 Kelvin. 

Further increase in temperature up to 309 K again the values of ln(At/Ao) decreases thus 

increasing the rate of degradation. The increase in the rate of degradation of DR-KBL-4 is 

due to higher collision frequency and more dye participates for the process of degradation 

and energy of activation lowers which collectively increases the rate of degradation reaction 

by increasing the temperature (Raman and Kanmani, 2016). Further increase in temperature 
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from 309 to 314 K not alters the values of ln(At/Ao) very efficiently and the rate of 

degradation reaction does not change very much after a certain range of temperature. 
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Fig: 4.44Plot used to calculate kaap values 

Figure 4.44 represents the linear portion of the plot given in figure 4.43 which is 

selected to calculate the values of kaap. Values of kaap are calculated from the slope of these 

plots. The kaap values show the rate of photo catalytic degradation reaction which showed an 

increase in apparent rate at higher molar ratios of H2O2 (Fig 4.45). Apparent rate constant for 

each plot is calculated from linear portions of these plots (Fig 4.44). The value of kaap is 

found to be 0.011, 0.017, 0.021 and 0.027 at 299, 304, 309 and 314 K temperatures 

respectively. Plot of kaap versus temperature (K-1) is given in figure.  
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Fig: 4.45 Plot of 𝐤𝐚𝐚𝐩 vs. temperature (K) using rGO-ZrO2 composite as catalyst 

conditions: ([Dye solution] =20ppm, [H2O2] = 0.3 M,[rGO-ZrO2] = 0.7mg/mL and 

Temperature 299, 304, 309 and 314 K). 

The obtained results of photo degradation reaction at different temperatures have 

been analyzed through Arrhenius equation and results have been showed in figure 

4.46.According to Arrhenius plot given in figure 4.46, apparent rate of degradation linearly 

increased with changing temperature from 299 to 314 Kelvin for the degradation of DR-

KBL-4 dye obeying the pseudo first order kinetics. The value of lnkaap  increases from -

4.50986 to -4.07454 as the temperature increases from 299 to 304 K. As the range of 

temperature comes from 304 to 309 Kelvin, lnkaap changes from -4.07454 to -3.86323 

indicating the increases in the catalytic property of the synthesized nano catalyst of graphene 

with zirconium dioxide oxide towards degradation of DR-KBL-4. The increase in 

temperature from 309 to 314 K further increase in the value of lnkaapare shown in figure 

4.46 but up to limited extent due to maximum collisions found at the temperature of 309 K in 

case of degradation of Drimarene Red KBL-4 dye using rGO-ZrO2 as a nano catalyst and 

hydrogen peroxide as oxidizing agent. 
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Fig: 4.46 Plot of 𝐤𝐚𝐚𝐩 vs. temperature (K) using rGO-ZrO2 composite as catalyst  

The obtained results are also analyzed using Eyring equation and plot ofln(kaap/T) 

against temperature per Kelvin has been shown in figure 4.47. ln(kaap/T)  versus 

temperature is plotted in Eyring plot (Fig 4.47). This plot showed that the values ofln(kaap/

T) linearly enhanced with temperature. When 1/T changed from 0.003344 to 0.003184 K-1, 

significant change in ln(kaap/T) is observed. This plot is linear which shows that the photo-

catalysis is obeying Eyring equation The trend of Eyring plot of experimental data showed 

the higher rate of removal in less time at higher temperature up to specific range owing to 

increase in kinetic energy of molecules which helps to cross the energy barrier of the reaction 

system. The obtained results plotted in Eyring plot revealed that at higher temperature the 

number of collisions enhanced more molecules to cross the energy barrier and changed to 

other products thus proceeds the reaction towards fast degradation of the given dye(Fan et 

al., 2012). As shown in the Eyring plot the value of ln(kaap/T)increases thus enhanced rate 

of degradation observed at higher temperature beyond a definite edge. The value of ln(kaap/

T)again increased when the temperature changed from 304 to 309 Kelvin showing the 

increased rate of degradation by increasing the temperature. Further increase in temperature 

up to 314 Kelvin increased the value of lnKaap but not as much of previous increase. 
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Fig: 4.47 Plot of ln(𝐤𝐚𝐚𝐩/𝐓) vs. temperature (K) using rGO-ZrO2 composite as catalyst  

Form the intercept and slope of Eyring plot the values of ∆𝐻∗ and ∆𝑆∗ are calculated 

and shown in table. The calculated value of ∆𝑆∗ from Eyring plot is positive which shows 

that photo catalytic degradation is entropy driven process. The value of ∆𝐻∗is found to be 

greater than zero which shows that the degradation reaction at higher temperature favored 

product formation. Positive ∆𝑆∗  indicates that this catalysis is spontaneous and 

thermodynamically favorable. Such reactions moved spontaneously towards forward 

direction and are called entropy driven reaction. The values of Eyring parameters 

(∆𝐻∗and∆𝑆∗) calculated for synthesized nano composites showed that photo catalysis is an 

entropy driven endothermic reaction which proceed towards quick product formation by 

increasing the temperature (Su et al., 2016). 
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Table: 4.5 Parameters calculated using Arrhenius and Eyring equation 

Catalyst 

Parameters calculated using 

Arrhenius equation 

Parameters calculated using 

Eyring equation 

Ea (J/mol) A(S-1) ∆𝑯∗ (J/mol) ∆𝑺∗(J/mole) 

rGO-ZrO2 

nano 

composite 

4 × 104 6.16 × 1013 4 × 104 58.74 

 

Borthakur et al., used microwave assisted synthetic composite of copper sulfate nano 

particles. Degradation ability of these fabricated nano particles are compared with the photo 

catalytic efficiency of simple copper sulfate nano particles and graphene sheets alone. In the 

presence of sunlight copper sulfate nano composite of graphene showed better results as 

compared to graphene and copper sulfate nano particles alone (Borthakur et al., 2016).   

4.7.1.4 Percent degradation of dye  

The degradation efficiency of the nano catalyst in the form of removal percent can be 

evaluated using Beer Lambert law by using the equation 4.48.Percent removal of the given 

organic dye Drimarene Red KBL-4 using rGO-ZrO2 nano composite is calculated using 

above equation and histogram of percent removal versus concentrations of synthesized nano 

catalyst of rGO-ZrO2 and hydrogen peroxide (Fig 4.48). Percent removal on optimized 

conditions of nano catalyst dose and hydrogen peroxide concentration is calculated as 90%. 

The obtained data of percent degradation of the given dye in the existence of electromagnetic 

radiations of sunlight with respect to time revealed that degradation rate increased effectively 

as the amount of synthesized nano composite is increased in the dye solution. Same trend of 

increased rate of degradation for the given dye is observed for oxidizing agent (H2O2). 
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Fig: 4.48 Histogram of percent degradation of DR-KBL-4 red dye  

4.8 Applications of synthesized graphene-metal nano composites as fuel 

additives 

Synthesized graphene-metal (rGO-ZrO2) nano composite is used as fuel additive in 

diesel. Different parameters are measured to evaluate the role of addition of nano particles in 

fuel as additives. 

4.8.1 Fire and flash point temperature 

The fire & flash point values of pure diesel and blended with synthesized nano 

composite of rGO-ZrO2 are plotted as concentration of nano composite in the fuel (10, 20, 

30, 40 & 50 ppm) are measured (ASTM D93) and plotted against the temperature obtained at 

these concentrations (Fig 4.49). Fire as well as flash temperature decreases slowly as the 

concentration of the synthesized nano composite of rGO-ZrO2 increases. Addition of these 

nano particles catalyzes the combustion at higher rates. The fire and flash temperature 

decreases to 60 and 64oC respectively from the initial values of pure fuel used. The nano 

composite of rGO-ZrO2 showed to catalyze the combustion properties at higher rates due to 

large specific surface area thus reducing the emission of polluted gases during combustion. 
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Fig: 4.49 Dependence of fire & flash temperatures upon the concentration of rGO-ZrO2 

nano composite. 

4.8.2 Pour and cloud point 

The synthesized nano composite of rGO-ZrO2 is subjected to fuel sample of diesel in 

different concentrations from 10 to 50 ppm for pour and cloud point temperature study. 

Obtained results showed in the plot of concentration of nano composite versus temperature of 

cloud and pour points (Fig 4.50). The cloud point values of the fuel in the presence of nano 

particles of graphene with zirconium oxide showed a decreasing trend at increased amounts 

of nano particles in the fuel. The cloud point of the sample having 10 ppm solution of 

synthesized nano particles of rGO-ZrO2 is observed at a decreased temperature value of 6oC 

from the cloud point value of pure fuel without the addition of nano particles (7oC for pure 

fuel). The values of cloud point temperature at 30 and 40 ppm concentration of nano particles 

also decreases and approaches to 2oC at 40 ppm. Pour temperature of fuel also changed on 

adding rGO-ZrO2. 
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Fig: 4.50 Plot of pour & cloud temperatures of fuel (diesel) versus concentrations of 

rGO-ZrO2. 

4.8.3 Specific gravity 

Synthesized nano composite of rGO-ZrO2 is used to check the influence of this 

additive on gravity of fuel. Solutions of this nano composite at different concentrations (0, 

10, 20, 30 and 40 ppm) in diesel fuel are prepared through ultrasonic treatment for 5 to 10 

minutes. Specific gravity of these solutions is measured using gravity meter at lab scale 

(ASTM D1298). Measured values of specific gravity are plotted against the concentration of 

nano composite in that solution and given in figure 4.51.As shown in plot of specific gravity 

the addition of these nano particles affect the value of specific gravity and it increases from 

the value of specific gravity measured at 0 ppm concentration of these nano particles. 

Concentration of as synthesized rGO-ZrO2 nano composite also affects the value of specific 

gravity (figure 4.51) 
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Fig: 4.51 Plot of specific gravity of fuel (diesel) at different concentrations of additive 

rGO-ZrO2. 

4.8.4 Kinematic viscosity 

Additive property of the synthesized product for kinematic viscosity of the fuel is 

checked by measuring the kinematic viscosity of loaded fuel with these nano particles as well 

as unloaded fuel (ASTM D445). Kinematic viscosity at different concentrations of rGO-ZrO2 

in fuel from 10 to 40 ppm and also of unloaded diesel is measured using viscometer at lab 

scale. Plot of kinematic viscosity measured for different concentrations of these nano 

particles in the fuel against the concentration of these nano particles used is given Fig 4.52. 

The value of kinematic viscosity measured using equation increases by the addition of rGO-

ZrO2 nano composite in the fuel which indicates that these nano composite particles affect 

properties of fuel. Adsorption of synthesized nano particles on the layers of fuel the flow of 

liquid is resisted to increase the efficiency. 
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Fig: 4.52 Plot of kinematic viscosity of fuel (diesel) at different concentrations of 

additive rGO-ZrO2. 

4.8.5 Calorific values 

Effect of rGO-ZrO2 on combustion properties of the fuel is analyzed by measuring 

the energy contents of diesel at various concentrations of these nano particles. Calorific 

values at 0, 10, 20, 30 and 40 ppm are measured using oxygen bomb calorimeter (ASTM 

D240). Calorific values measured at these concentrations of nano particles are plotted against 

the concentration of these nano particles in the fuel (Fig 4.53). Calorific value of unloaded 

diesel is low as compared to calorific values of loaded diesel with these nano particles. 

Calorific values increases linearly by increasing the concentration of nano composite 

material in the fuel. With increase in calorific values at higher concentrations of nano 

composite of rGO-ZrO2 in the fuel more oxygenated active sites are available which 

increases the supply of oxygen to the fuel by adsorption of more fuel molecules on the 

surface thus increasing the catalytic combustion of the fuel.     
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Fig: 4.53 Plot of calorific values of fuel (diesel) at different concentrations of additive 

rGO-ZrO2. 

4.9 Characterization of rGO-ZnAl2O 

4.9.1 XRD analysis of rGO-ZnAl2O 

Results obtained from the XRD analysis of the synthesized nano composite of 

graphene with zinc aluminum oxide nano particles is given in Fig 4.54. The XRD pattern of 

rGO-ZnAl2O with JCPDS No [96-300-0025] show the sharp peaks at 2-theta values of 34.14, 

35.84, 47.35, 56.33, 62.68 and 67.92 with planes of (001), (101), (410), (002), (012) and 

(010) respectively which indicates the synthesis of rGO-ZnAl2O with high purity and good 

crystallization in the product. The sharp peak with high intensity at 2-theta value of 30.1 

shows the presence of rGO in the synthesized product. The nano particles of ZnAl2O are 

distributed with weak interaction on graphene.     
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Fig: 4.54 XRD results of rGO-ZnAl2O composite  

XRD results of rGO-ZnAlO2 nano composite shows monoclinic structure with space 

group p 11 m (6). Structure of this nano composite is given in Fig 4.55 with different 

arrangements of unit cell, orientation and miler indices. 
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Fig .4.55  The structural model of ZnAl2O (a) simple polyhedral view (b) view of simple 

polyhedral form with three unit cell (c) shows  the exact positions of atoms in a space 

filling form 

 

In Fig. 4.55 images taken from the XRD analysis explain the right positions of atoms 

at different orientations. Fig. 4.55 (a) shows the simple polyhedral form of single unit cell. 

The figure 4.55 indicates that the Al-1 atoms are present at the corner of the polyhedral unit 

cell while Al 2 and Zn atoms in the presence of oxygen atoms locates in single polyhedral 

arrangement and more clearly explain this sequence in three unit cell (b). In part (c) of figure 

4.55 all atoms present as simple polyhedral cube in the space filling form that explains the 

exact positions of the atoms. 
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Fig: 4.56 The structural model of ZnAl2O (a) simple polyhedral view positions of atoms 

in a space filling form (b) view of simple polyhedral form at different angle (c) shows 

the miller indices with different orientations. 

 

In Fig. 4.56 (d) simple polyhedral view positions of atoms in a space filling form can 

be seen that even more clearly explains the positions of both metal atoms and oxygen atoms 

while In Fig. 4.56 (e) simple polyhedral form with different angle of rotation can be seen that 

helps to identified the position of atoms. In Fig. 4.56 (f) explain the miller indices with 

different orientation. 
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4.9.2 SEM analysis of synthesized graphene-ZnAl2O nano composite materials 

The SEM analysis is performed on bimetallic nano composite of rGO-

ZnAl2Osynthesized by solvo/hydrothermal method. Morphological characterization of the 

synthesized bimetallic nano composite of reduced graphene with zinc-aluminum nano 

particles is done using SEM technique at different magnifications are given in figure 

4.57.The SEM image of synthesized bimetallic rGO-ZnAl2O nano composite material shown 

in figure 4.57 showed adsorption of bimetallic nano composite particles. The structure 

possesses spherical shaped particles with needle like morphology of the surface. Structure of 

bimetallic composite has high porosity as shown by the red color arrows in the image. The 

red lines show the spherical shaped small particles with needle like surface. Fig 4.57 showed 

the spherical shaped morphology of the synthesized bimetallic nano composite material of 

reduced graphene-ZnAl2O with needle like particles on the surface of the spheres. Red 

arrows show the porous parts of the small nano composite particles with spherical shape and 

needle like morphology on the surface. 

 

Fig: 4.57 SEM image of synthesized graphene-ZnAl2O oxide nano composite at 1200x 



121 
 

4.9.3 TEM analysis of rGO-ZnAl2O nano composite 

Needle like nano particles of bimetallic zinc-aluminum oxide adsorbed on graphene 

surface are shown in TEM results of figure 4.58. These images are taken by using 

transmission electron micro scopy technique at different magnification powers as 50, 60 and 

100 K magnification. TEM images of rGO-ZnAl2O nano composite showed the 

incorporation of this bimetallic nano composite onto the reduced graphene surface by the 

dark part of the image while the lighter part of this image showed the presence of graphene in 

the synthesized product. Particle size ranges from 10 to 30 nm. The synthesized bimetallic 

nano composite showed high porosity in the structure as shown by these TEM images. At 

different magnification of the TEM images, the nanometre size range can be observed. By 

different factors, the size of nanoparticles may be affected like preparation methods, 

precursor and reductant concentration, temperature, pH and time. As shown in figure 4.58 the 

dark and light color shows hollow morphology of the nanoparticles and particles are merged 

with each other and irregular in shape. These nanoparticles are not only present as a bulk but 

also present on the surface of nanosheets. 

 

 

Fig: 4.58 TEM images of rGO-ZnAl2O nano composite 
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4.10 Formation mechanism of rGO-ZnAl2O nano composite 

Chemistry of rGO-ZnAl2Osynthesishas been given in Fig 4.59.The bimetallic nano 

composite of ZnAl2O attached with graphene during fabrication of rGO-ZnAl2O nano 

composite. The incorporation of bimetallic nano particles of ZnAl2O is on the negatively 

charge oxygen containing species thus these nano particles cover the surface of the graphene 

sheets in composite formation. Red and blue color balls in the figure 4.59 showed the 

attachment of ZnAl2O bimetallic nano particles on the surface of reduced graphene. 

 

Fig: 4.59 Formation mechanism of rGO-ZnAl2O nano composite 
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4.11 Catalytic efficiency of rGO-ZnAl2Ofor photocatalytic degradation 

Effect of metal oxide nano particles decorated graphene nano composite on the 

degradation of Red dye is observed in an adsorption-degradation experiment. To check the 

catalytic activity of graphene-metal composite the nano catalyst is added in the dye solution 

and stirred before to kept in sunlight then take the sample after different intervals of time, 

filter and then take absorbance using UV-Visible spectrophotometer. The results obtained 

from the degradation experiment of as prepared nano composite were further discussed for 

the efficiency of the graphene-metal nano catalyst and its stability for reuse in next reactions. 

These results demonstrated the catalytic behavior of graphene-metal nano composites and 

showed these as good nano catalyst and adsorbent for waste water treatments. 

4.11.1 Photo-catalytic degradation of Drimarene Red KBL-4 using rGO-ZnAl2O as 

catalyst 

Degradation of reactive organic dye Drimarene red KBL-4 is catalyzed using the 

synthesized nano composite of rGO-ZnAl2O in a photo catalytic degradation reaction. 

Decrease in absorption at lambda max is observed as the reaction progress to forward 

direction and the given dye degraded. The amount of catalyst dose and hydrogen peroxide 

concentration are optimized during the reaction to check the effect of these parameters on the 

photo catalytic efficiency of the synthesized product. UV-Visible spectrum of Drimarene red 

KBL-4 solution at 20 ppm concentration is shown (Fig 4.10) while spectrum in Fig 4.60 

showed the decrease in absorption of the strongest peak at lambda max of 520 nm. Optimized 

amounts of catalyst as well as oxidizing agent were used to degrade the test dye. Trend of 

degradation is investigated by taking the sample of dye solution containing nano catalyst 

after equal intervals of time and scanned the wavelength from 300 to 800 nm. The decrease 

in absorbance at lambda max showed the degradation or removal of the given dye from water 

using synthesized composite effectively. 
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Fig: 4.60 Photocatalytic degradation of DR-KBL-4 using rGO-ZnAl2O composite as 

catalyst (conditions: Dye solution 20ppm, [H2O2= 0.3 M] and rGO-ZnAl2O = 

0.7mg/mL) 

Das et al., employ bismuth oxide composite with graphene. Photo catalytic activity of 

this synthesized nano composite is compared with the catalytic ability of simple graphene in 

an adsorption degradation experiment. The adsorption capacity of bismuth oxide nano 

composite with graphene poses 96 mg/g more adsorption capacity than simple graphene 

alone and show 20.7 % more degradation the graphene alone (Das et al., 2018). Photo 

catalytic degradation of drimarene red KBL-4 is represented in figure 4.61. The given dye is 

shown to be degraded in a reaction catalyzed by rGO-ZnAl2O nano catalyst under sunlight 

irradiation. Photons absorbed from sunlight speed ups the degradation reaction. Hydrogen 

peroxide provides OH free radicals formed by the absorption of photons. These free radicals 

also speed ups the reaction.   
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Fig: 4.61 Mechanism of photo catalytic degradation of Drimarene red KBL-4 using 

rGO-ZnAl2O as catalyst 

Dependence of the catalytic behavior of as prepared rGO-ZnAl2O nano catalyst on other 

parameters in the presence of sunlight is studied checked during the present study. 
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Table: 4.6 Results of photo catalytic degradation against different parameters  

Parameter Amounts kaap (min-1) R2 

Induction 

period t0 

(min) 

Reaction 

progress time 

tp (min) 

Catalyst  

dosage 

0.3 (mg/mL) 0.026 0.990 10 102 

0.5 (mg/mL) 0.031 0.984 10 90 

0.7 (mg/mL) 0.040 0.996 0 85 

Hydrogen 

peroxide 

conc. 

0.1 M 0.014 0.989 10 85 

0.2 M 0.032 0.996 10 85 

0.3 m 0.040 0.996 0 115 

Temperature 

299 K 0.040 0.996 0 85 

304 K 0.045 0.997 0 85 

309 K 0.059 0.999 0 70 

314 K 0.063 0.997 0 70 

 

4.11.2 Effect of catalyst dose/concentration for rGO-ZnAl2O 

To check the degradation efficiency of bimetallic nano composite of rGO-ZnAl2O the 

degradation experiment is run at different catalyst doses in the presence of sunlight and the 

results obtained are plotted as ln(At/Ao) against time per minute as shown in figure number 

4.62.In case of 0.3 mg/mL of catalyst dose of bimetallic nano composite of graphene with 

ZnAl2O slow decrease in plotis observed which further show effective decrease on increasing 

the concentration of catalyst dose but not very remarkably showing a remarkable 

enhancement in the degradation efficiency of the synthesized bimetallic nano catalyst in the 

presence of sunlight. The plot of ln(At/Ao) showed the given dye has been degraded in 

almost 85 minutes very efficiently at catalyst dose of 0.7 mg/mL. All the plots of figure4.62 

showed decreasing trend with respect to time and are different at all the catalyst dosage 

which showed that the change in catalyst concentration affects the rate of photo catalytic 

degradation. The decreasing trend in plot is slow at first representing the induction period 

which is observed as 10 minutes below 0.7 mg of catalyst dosage and becomes zero at 0.7 
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mg indicating that an increase in the amount of catalyst dosage decreases the induction 

period which speed up the degradation reaction. The rate of degradation is fast in second 

region of the plot as compared to induction period which showed the actual progress of the 

degradation reaction which slows again at the end indicating the completion of the reaction. 

Reaction progress time for 0.3 mg/mL is observed as 102 minutes which decreases to 90 

minutes at 0.5 mg. Dye degraded in 85 minutes when 0.7 mg/mL catalyst dosage is used. The 

increase in catalyst dosage thus decreases the time required for the degradation of the given 

dye. R2 values of all catalyst dosage are shown in table 4.6. 
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Fig: 4.62 Effect of catalyst dose on catalytic degradation of DR-KBL-4 using rGO-ZnAl 

2O composite as catalyst (conditions: Dye solution 20ppm, [H2O2= 0.3 M] and rGO-

ZnAl2O = 0.3-0.7 mg/mL) 

The apparent rate constant of this photo catalytic degradation reaction is calculated 

from the linear portion of ln(At/Ao) plots at different concentrations. The calculated values of 

kaap are calculated and plotted against respective doses as shown in figure number 

4.63.Mahalingum et al., observed the behavior of graphene composite for the removal of 

molybdenum oxide and molybdenum oxide nano particles alone in the presence of sunlight 

and UV irradiation. Nano composite of molybdenum oxide along with graphene degrade the 
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dye more efficiently the molybdenum oxide nano particles alone. The percent degradation 

results under UV irradiation showed more degradation of the dye than by using visible source 

of irradiation (Mahalingum et al., 2017).       
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Fig: 4.63Plot used to calculate the apparent rate constant 
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Fig: 4.64 Plot of 𝐤𝐚𝐚𝐩 vs catalyst dosage using rGO-ZnAl2O composite as catalyst 

(conditions: Dye solution 20ppm, [H2O2= 0.3 M] and rGO-ZnAl2O = 0.3-0.7 mg/mL) 
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The value of kaap at catalyst dose of 0.3 mg/mL is calculated as 0.026 min-1 which 

increases to 0.031 min-1 as the catalyst dose increases upto 0.5 mg in dye solution of DR-

KBL-4. The value of kaap further increases to 0.040 min-1at 0.7 mg. Increase in the value of 

kaap with respect to catalyst dose showed the better efficiency of nano catalyst at higher 

catalyst concentration up to a certain limit after which the saturation of active sites takes 

place thus decreasing the catalytic behavior of the nano catalyst or no further change in the 

degradation efficiency of the synthesized nano catalyst (Prabhakarrao et al., 2017). 

4.11. 3 Dependence of catalytic efficiency of rGO-ZnAl2O upon hydrogen peroxide 

Molar concentration of hydrogen peroxide is varied to study the catalytic effect of 

nano catalyst in a photo degradation reaction. An optimized amount of rGO-ZnAl2O (0.7 

mg/mL) has been used at constant amount and the molar concentrations of hydrogen 

peroxide vary from 0.1 to 0.3 molar in three different trails. Obtained results showed in 

figure 4.65shows the increased catalytic activity of as synthesized bimetallic nano composite 

with hydrogen peroxide thus increasing the rate of degradation. 
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Fig: 4.65 Effect of H2O2 concentration on catalytic degradation of DR-KBL-4 using 

rGO-ZnAl2O composite as catalyst (conditions: Dye solution=20ppm, [H2O2= 0.1, 0.2 

and0.3 M] and rGO-ZnAl2O = 0.7mg/mL) 
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Increased concentration of hydrogen peroxide in the dye solution the amount of 

oxygenated species in the reaction system also increases which on the irradiation of sunlight 

enhances the rate of degradation, thus the values of ln(At/Ao) decreases on increasing the 

concentration from one molar. These oxygenated species promote the process of degradation 

in the presence of sunlight and make the degradation of adsorbed dye but the oxidizing 

agents like hydrogen peroxide cannot alone degrade the dye. 
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Fig: 4.66 Plot used to calculate apparent rate constant 

The kaap values are 0.014, 0.032 and 0.040 per minute for 0.1, 0.2 and 0.3 M hydrogen 

peroxide concentrations. Different kaap values at all the concentrations of hydrogen peroxide 

showed that the concentration alter the photo catalytic degradation. Progress time for 0.1 M 

concentration of hydrogen peroxide is 115 minutes which decrease to 85 minutes when 0.2 

and 0.3 M concentration of hydrogen peroxide. The induction period duration is different for 

each concentration as 10 minutes for 0.1 and 0.2 M which becomes zero at 0.3 M indicating 

that oxidizing agent is effecting reaction completion as well as induction time. R2 values 

calculated for 0.1, 0.2 and 0.3 M concentrations of hydrogen peroxide are 0.989, 0.996 and 

0.996 respectively. The kaap values are shown in figure 4.67which showed that the value of 

kaap increases with hydrogen peroxide. 
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Fig: 4.67 Plot of 𝐤𝐚𝐚𝐩 vs catalyst dosage using rGO-ZnAl2O composite as catalyst 

(conditions: Dye solution=20ppm, [H2O2= 0.1, 0.2 and 0.3 M] and rGO-ZnAl2O = 

0.7mg/mL) 

As shown in figure 4.67 the value of kaap increases up to 0.032 at 0.2 molar this 

indicates the positive effect on rate of degradation. Value of kaap again increases up to 0.040 

as the concentration of the reaction mixture of dye solution is increased from 0.2 to 0.3 

molar. Further increase in hydrogen peroxide concentration may cause saturation on nano 

catalyst used to degrade given dye (Palma-Goyes et al., 2014). 

4.11.4 Catalytic thermal degradation using rGO-ZnAl2O 

Photo catalytic degradation of Drimarene Red KBL-4 reactive dye with bimetallic 

nano composite of rGO-ZnAl2O as a nano catalyst along with hydrogen peroxide as an 

oxidizing agent is done. Optimized amounts of synthesized bimetallic nano composite of 

graphene with zinc and aluminum have been employed to check the changes towards the 

removal efficiency nano composite at different temperatures. The amount of nano catalyst is 

used as 0.7 mg/mL and 0.3 molar of hydrogen peroxide to degrade the given dye at 
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temperature of 299 to 314 Kelvin. The obtained experimental results has been plotted as time 

per minute versus the values of ln(At/Ao) and given in figure 4.68. 
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Fig: 4.68Catalytic thermal degradation of DR-KBL-4 using rGO-ZnAl2O composite as 

catalyst (conditions: Dye solution=20ppm, [H2O2= 0.3 M] and rGO-ZnAl2O = 

0.7mg/mL) 

Obtained results showed an increase in removal efficiency of the synthesized product 

with increase in temperature up to a certain limit at optimized circumstances. Induction 

period where rate of degradation is not in progress is zero for all the temperatures. Reaction 

completion time decreases to 70 min at 314 K temperature indicating increased rate of 

degradation at high temperatures. R2 values at 299, 304, 309 and 314 K are 0.996, 0.997, 

0.990 and 0.997 respectively. As shown in the plot of figure 4.68 the increase in temperature 

decreases the values of ln(At/Ao) demonstrating the increased catalytic efficiency with 

increasing the temperature. The plots decreased astonishingly as temperature is increased 

from 0.003344 to 0.003289 per Kelvin (1/T) due increased number of collisions that lowers 

the energy of activation and makes more chances for dye molecules to degrade and converted 

to other products more efficiently in less time. Same decreasing trend in the values of 

ln(At/Ao) is observed as the temperature again increases from 0.003289 to 0.003236 K-1 thus 
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further enhancing the rate of degradation and decreasing the time of reaction completion. At 

0.003184 K-1 the values of ln(At/Ao) further decreases and time required to degrade the 

given dye to other products also decreases at this temperature. 
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Fig: 4.69Plot used to calculate apparent rate constant  

The value of kaap is found to be 0.040, 0.045, 0.059 and 0.063 at 299, 304, 309 and 

314 K temperatures respectively (Fig 4.69). Plot of kaap versus temperature (K-1) is given in 

figure 4.70. The results showed that the apparent rate of degradation increases with 

temperature. 
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Fig: 4.70 Plot of 𝐤𝐚𝐚𝐩 vs. temperature (K) using rGO-ZnAl2O composite as catalyst 

(conditions: Dye solution=20ppm, [H2O2= 0.3 M], rGO-ZnAl2O = 0.7mg/mL and 

Temperature = 299, 304, 309 and 314 K) 

The data obtained from thermal degradation of DR-KBL-4 with nano catalyst of rGO-

ZnAl2O is plotted using of Arrhenius equation and is given in the figure 4.71.Trend in 

Arrhenius plot demonstrated the increase in the values of lnkaap with respect to time and 

improved catalytic behavior of the synthesized nano composite of rGO-ZnAl2O at high 

temperatures. As the temperature increases from 299 Kelvin to 304 Kelvin an increase in the 

value of lnkaap has been observed which further increases remarkably as the temperature 

reaches to 309 Kelvin. Change in temperature alter the lnkaap but at lesser rate because the 

maximum numbers of collisions of given dye molecules has been attained at the temperature 

of 309 Kelvin in the presence of synthesized nano catalyst of rGO-ZnAl2O. 



135 
 

0.00320 0.00325 0.00330 0.00335

-3.3

-3.2

-3.1

-3.0

-2.9

-2.8

-2.7

 

 

ln
 k

a
a

p
 (

m
in

-1
)

1/T (K
-1
)

Arrhenius plot

 

Fig: 4.71 Plot of ln𝐤𝐚𝐚𝐩 vs 1/T using rGO-ZnAl2O composite as catalyst  

Eyring plot of obtained experimental data from the degradation reaction of Drimarene 

Red KBL-4 using the nano catalyst of rGO-Zn-Al is given inFig 4.72.The increase in the 

values of ln(kaap/T)  with respect to increase in temperature shown in Eyring plot 

demonstrated the better catalytic behavior of synthesized nano catalyst of rGO-ZnAl2O 

towards the removal of Drimarene Red KBL-4 from the water in less time. The value of 

ln(kaap/T) increases with increase in temperature from 299 Kelvin. This increase in the 

values of ln(kaap/T) is observed remarkably up to the temperature changes of 309 Kelvin 

after which the increase in the value of ln(kaap/T) at the temperature of 314 Kelvin slows 

down indicating the minor temperature effect at efficiency of rGO-ZnAl2O. The Eyring plot 

showed linear increase in the value of lnkaap/T but at 314 K the increase in temperature does 

not increase the value of lnkaap/T because the maximum number of collisions has been 

attained at 309 K temperature after which increase in temperature show a little increase in the 

value of lnkaap/T.  
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Fig: 4.72 Plot of ln(𝐤𝐚𝐚𝐩/𝐓) vs. temperature (K) using rGO-ZnAl2O composite as 

catalyst  

The parameters of enthalpy and entropy of the catalytic thermal degradation reaction 

are studied using Eyring plot (Table 4.7).As of ∆𝑆∗  is positive which shows that photo 

catalytic degradation is an entropy driven process. The value of ∆𝐻∗is found to be 2 × 104 

which is greater than zero which shows that the formation of products is favored at these 

conditions. The catalysis is spontaneous and thermodynamically favorable indicated by the 

positive value of(∆𝑆∗). Such reactions moved spontaneously towards forward direction and 

are called entropy driven reaction. The values of Eyring parameters (∆𝐻∗and∆𝑆∗) calculated 

for synthesized nano composites showed that photo catalysis is an entropy driven 

endothermic reaction which proceed towards quick product formation by increasing the 

temperature (Rasheed et al., 2016).  
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Table: 4.7 Parameters calculated using Arrhenius and Eyring equation 

Catalyst 

 

Parameters calculated using 

Arrhenius equation 

Parameters calculated using 

Eyring equation 

Ea (J/mol) A(S-1) ∆𝑯∗ (J/mol) ∆𝑺∗(J/mole) 

rGO-ZnAl2O 

nano 

composite 

2 × 104 10 × 106 2 × 104 2.62 

 

4.11. 5 Percent degradation 

Percent removal of the given organic dye Drimarene Red KBL-4 using rGO-ZnAl2O 

nano composite is calculated using above equation and histogram of percent removal versus 

concentrations of synthesized nano catalyst of rGO-ZnAl2O and hydrogen peroxide are 

shown in figure 4.73. The percent degradation of the dye from water at 0.7 mg/mL catalyst 

dose and 0.3 M hydrogen peroxide concentration is calculated up to 94%.  This plot also 

shows that percent degradation increases with increase in catalyst and H2O2 dose. 

Chatzisymeon et al., investigate the degradation of waste dye water under sunlight 

irradiation. Two synthetic dyes are degraded under electromagnetic irradiations of sunlight. 

Titanium oxide nano particles were used as nano catalysts during this study. Photo catalytic 

degradation of textile dyes under sunlight irradiation was found to be a safe pollution free 

efficient treatment for waste dye effluents (Chatzisymeon et al., 2013). 
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Fig: 4.73 Histogram of percent degradation of DR-KBL-4 red dye  

4.12 Applications of synthesized graphene-metal nano composites as fuel 

additives 

Synthesized rGO-ZnAl2O graphene-metal nano composite is used as fuel additive in 

diesel. Different parameters are measured to evaluate the role of addition of nano particles in 

fuel as additives. 

4.12.1 Flash and fire point  

The bimetallic nano composite of graphene with zinc-aluminum nano particles is 

used to make the suspensions of diesel at different concentrations (0, 10, 20, 30 and 40 ppm). 

Open cup tester for flash and fire point’s determination is used with pure fuel and 

suspensions of nano particles in diesel at different concentrations (working standard ASTM 

D93). The plot of concentration of nano particles against flash and fire points at those 

concentrations has been given in figure 4.74.The influence of synthesized bimetallic nano 

composite of rGO-ZnAl2O on the combustion properties showed an increasing trend of flash 

and fire point blending the nano composite in fuel suspension. Value of flash point at 20 ppm 
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is observed as 73oC from that of pure diesel as 71oC. The values of fire point also increases 

from 74oC for pure fuel to 79oC at 20 ppm concentration of nano particles. The fire and flash 

temperatures further increases as concentration of synthesized nano composite (rGO-

ZnAl2O) in the fuel which promotes the safe handling of fuel.  
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Fig: 4.74 Dependence of fire & flash point temperature upon the concentration of rGO-

ZnAl2O nano composite.  

4.12.2 Pour and cloud point temperature  

The catalytic activity of the synthesized bimetallic nano composite particles of rGO-

ZnAl2O is observed as fuel additive by taking diesel as test fuel. Different solutions of 

synthesized nano composite particles were prepared using liquid diesel as sample fuel. The 

values of cloud and pour points temperature using different amounts of synthesized 

bimetallic nano composite particles were plotted against the concentrations of those nano 

particles (Fig4.75). The addition of synthesized bimetallic nano composite particles of rGO-

ZnAl2O in the fuel (diesel) decreases the values of cloud point temperature especially at 

higher concentrations. The value of pure fuel sample (diesel) is observed as 7oC which 

decreases up to 3oC at 40 ppm. Only one degree decrease in the value of cloud point 



140 
 

temperature is observed by the increment of synthesized bimetallic nano particles 

concentration from 0 to 40 ppm. The bimetallic rGO-ZnAl2Oin diesel sample showed minor 

change in the values of pour point temperatures. The value of pour point remained constant 

up to 20 ppm solution of bimetallic nano particles in the fuel and does not show any change 

up to this concentration. A minor decrease in the value of pour point is observed at 30 ppm 

solution of bimetallic nano composite particles which again showed constant values of pour 

point temperature at 40 ppm concentration of the synthesized nano composite values in the 

fuel (diesel). 

0 10 20 30 40

-12

-10

-8

-6

-4

-2

0

2

4

6

8

 

 

T
e

m
p

e
ra

tu
re

 (
o
C

)

Catalyst conc. (ppm)

 Cloud point

 Pour point

 

Fig: 4.75 Plot of pour & cloud temperatures of fuel (diesel) against various 

concentrations of additive rGO-ZnAl2O. 

4.12.3 Specific gravity 

Different concentrations of rGO-ZnAl2O nano composite as 10, 20, 30 and 40 ppm in 

diesel fuel are blended using ultrasonic treatment. Specific gravity of the fuel blended with 

these concentrations of nano composite is measured for each sample using gravity meter at 

lab scale (ASTM D1298 working standard). Specific gravity of diesel is also measured 

without the addition of rGO-ZnAl2O nano composite and the obtained value is compared 

with the values obtained at different concentrations of nano composite in fuel. Measured 
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values of specific gravity are plotted against the concentration of nano composite in the fuel 

as shown in figure 4.76.It is observed in the plot of figure 4.76, the values of specific gravity 

increases linearly on addition of composite in fuel. The enhancement in the value of specific 

gravity of fuel is more notable as the concentration of rGO-ZnAl2O increases from 30 ppm to 

40 ppm which indicated that at higher concentrations of these nano composite particles the 

specific gravity of the fuel increase more rapidly. Measured value of diesel fuel in the 

absence of rGO-ZnAl2O nano composite is low as compared to the blended fuel with these 

nano particles. Increase in specific gravity increases the energy contents in the fuel as well as 

efficiency of the engine. These results revealed that the use of rGO-ZnAl2O nano composite 

as additive in the fuel alter the physical properties of fuel towards better performance. 
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Fig: 4.76 Plot of specific gravity of fuel (diesel) at different concentrations of additive 

rGO-ZnAl2O. 

4.12.4 Kinematic viscosity 

Catalytic efficiency of the rGO-ZnAl2O nano composite as additive in the fuel 

(diesel) is measured using viscometer (ASTM D445). Effect of these nano particles on the 

flow of diesel fuel is analyzed by measuring the viscosity of the diesel without adding and 
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with the addition of rGO-ZnAl2O in fuel. Diesel is blended with different concentrations of 

these nano composite particles using ultrasonic treatment before to measure the viscosity of 

the diesel. Obtained readings from viscometer in the form of time for diesel at different 

concentrations and water as reference standard are used for the calculation of viscosity at 

these concentrations using equation. The resulted values of viscosity are plotted versus the 

concentration of nano composite in the fuel (Fig 4.77). 
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Fig: 4.77 Plot of kinematic viscosity of fuel (diesel) at different concentrations of 

additive rGO-ZnAl2O. 

4.12.5 Calorific values 

Oxygen bomb calorimeter is used to measure the calorific values of diesel with 

different concentrations of rGO-ZnAl2O nano composite to check the catalytic efficiency of 

these nano particles towards combustion properties of the fuel. Four concentrations of rGO-

ZnAl2O nano composite from 10 to 40 ppm are used to make blended fuel samples with these 

nano particles using ultrasonic treatment. Plot of calorific values versus additive 

concentration is given in figure 4.78. Energy contents without the addition of any nano 

particle are very low as compared to calorific values measured for loaded fuel at different 

concentrations of rGO-ZnAl2O nano particles which indicate a significant change in the 

calorific values of the fuel. Concentration of these nano particles also showed to alter the 
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combustion characteristics of fuel as shown in plot of figure 4.78 the calorific values 

increases linearly as the concentration of additive changed from 10 to 40 ppm. Increase in 

calorific values of loaded fuel with concentration is related to availability of more oxygen 

atoms on the surface which makes transport of oxygen to the fuel easier thus catalyzing the 

combustion of the fuel at higher rates. 
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Fig: 4.78 Plot of calorific values of fuel (diesel) at different concentrations of additive 

rGO-ZnAl2O. 

4.13 Characterization of rGO- BiO2 nano composite 

4.13.1 XRD analysis of rGO-BiO2 nano composite 

XRD pattern of rGO-BiO2 with JCPDS No [96-152-6459] is given in figure 4.79. 

Sharp peaks at 2-theta values 13.68, 24.37, 27.27, 36.32, 50.40 and 55.23 with planes of 

(101), (002), (010), (102), (044) and (001) showed the formation of rGO-BiO2 nano 

composite. Peaks at 2-theta values 10.11 and 27.02 showed the presence of GO and rGO in 

the synthesized product but low intensity of GO peak at 2-theta value of 10.11 show that 

significant amount of graphene oxide is converted to reduced graphene during the formation 

of composite. Different structures of rGO-BiO2 with different unit cell arrangement, angles 

and lattice planes are given in figure 4.79.  
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Fig: 4.79XRD results of rGO-BiO2 nano composite 
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Figure4.80Different structural model of BiO2 (a) atoms in single unit cell (b) Bismuth 

and Oxygen atoms in tetragonal lattice in three unit cell.(c)Bismuth and Oxygen atom 

positions in tetragonal lattice in 3 unit cell with miller indices.(d) different miller indices 

with polyhedral form of atoms with four lattice planes and (f)Miller indices in space 

filling form. 

Bismuth atoms are located at the interior of tetragonal lattice shown in figure 4.80 (a) 

Position of Bismuth and oxygen atoms in the center of tetragonal lattice and oxygen atoms at 

the corners of the crystal lattice. Figure 4.80 (b) shows the position of Bismuth and Oxygen 

atoms in tetragonal lattice in three unit cell and in figure 4.8 (c) position of Bismuth and 

Oxygen atoms in tetragonal lattice in three unit cell with miller indices of (001) and (010). In 

figure 4.80 (d)& (e) different arrangements of atoms are shown with different planes and in 
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figure 4.80 (f) the miller indices with space filling elaborates the distribution of atoms in a 

tetragonal lattice. 

4.13.2 SEM analysis of synthesized graphene-bismuth oxide nano composite materials 

Morphology of the synthesized nano composite of reduced graphene with bismuth 

oxide is analyzed using SEM. Obtained images from the analysis of SEM are shown in figure 

4.81.Figure 4.81 showed the graphene-bismuth oxide result images of SEM analysis for the 

morphological characterization of synthesized nano composite compound at 1000x 

magnification. In the image adsorption of bismuth oxide nano particles on graphene can be 

seen. The morphology of the synthesized nano composite material shown in figure 4.81 is 

randomly arranged and the small nano material particles showed a poly disperse 

arrangement. Some aggregates are also formed by the agglomeration of spherical tiny nano 

composite particles of rGO-BiO. The structure of the synthesized composite is meso porous 

as shown in figure 4.81. The arrows showed the porous nature of the synthesized nano 

composite material and lines drawn in the image (Fig 4.81) highlights the tiny spherical nano 

composite material of rGO-BiO. The SEM image in figure 4.81 at the magnification of 

2000x showed the area where aggregates are formed between small nano particles of 

graphene-bismuth oxide nano composite material. The structure of the nano composite 

material is highly porous and spherical nano particles can also seen in the area where the 

aggregate of small particles is formed. Red arrows show the porosity of synthesized product 

as spherical small particles are shown between red lines in the image. 
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Fig: 4.81 SEM image of synthesized graphene-bismuth oxide nano composite  

4.13.3 TEM analysis of rGO-BiO2 nano composite 

TEM analysis of synthesized nano composite of rGO-BiO2 is shown in the form of 

figures 4.82 at different magnifications. Light and dark portions in image 4.82 (a), 4.82(b), 

4.82(c) and 4.82 (d) are observed which represent the presence of reduced graphene with 

light portion as its atomic number is low and incorporation of bismuth oxide nano particles 

with dark portion in the image. The incorporation of metallic nano particles onto the 

graphene confirms the successful formation of rGO-BiO2composite. Particles are irregularly 

arranged on the surface of graphene. At different magnification in the TEM images, the 

nanometer size range can be observed.  Image 4.82 (a) and 4.82 (c) are taken on 60 k while 

images 4.82(b) and 4.82(d) are taken on 100 k magnification power. The nano particles of 

bismuth oxide are randomly dispersed on surface of GO sheets suring the formation of nano 
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composite. Morphology and articles size as well as random dispersion of bismuth oxide nano 

particles depend upon different parameters like temperature. 

 

Fig: 4.82 TEM analysis of rGO-BiO2 nano composite 

4.14 Formation mechanism of rGO-BiO2 nano composite 

Incorporation of BiO2 nano particles on reduced graphene is shown in the formation 

mechanism of rGO-BiO2 nano composite (Fig 4.83). GO reduces during formation of nano 

composite and positively charged nano particles of bismuth oxide incorporated on graphene 

via negatively charged species. Blue color objects in the figure 4.83 showed the adsorption of 

bismuth oxide nano particles on the surface of reduced graphene. 
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Fig: 4.83 Formation mechanism of rGO-BiO2 nano composite 

4.15 Degradation of various dyes using rGO-BiO2 as catalyst  

Graphene-metal nano composite of rGO-BiO2 is used in a photo catalytic degradation 

reaction for the removal of Drimarene red KBL-4 dye from water in the presence of sunlight 

during present study. Obtained results of this photo catalytic degradation reaction showed 

that the non magnetic nano composite of bismuth oxide with reduced graphene poses good 

catalytic behavior for the removal of given organic dye. 

4.15.1 Photo-catalytic degradation of Drimarene Red KBL-4 using rGO-BiO2 as 

catalyst 

In an adsorption-degradation reaction catalyzed by rGO-BiO2 removal of reactive dye 

Drimarene red KBL-4 in the presence of sunlight varying different parameters during the 

reaction is done. Different dosage amounts of synthesized nano catalyst and hydrogen 

peroxide concentrations are used for optimization and also to check the effect of these 
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parameters on the catalytic property of the as synthesized nano composite. Optimized 

amounts of nano catalyst and hydrogen peroxide are then used to observe the decrease in 

absorbance at 520 nm. The Drimarene Red KBL-4 absorbs in visible range at 520nm so, UV-

Visible spectrometry is used to monitor the progress of reactions. Borthakur et al, fabricate 

the nano composite of reduced graphene with silver (Ag) nano particles and investigate the 

effect of pH as well as different ions including anions and cations incorporated on the surface 

of the nano catalyst on the catalytic behavior of the nano composite. The pH of the solution 

as well as anions and cations show a dominant change in removal percent of organic dye 

(Borthakur et al., 2017).Catalytic degradation of Drimarene Red KBL-4 using synthesized 

nano composite of rGO-BiO2 under sunlight irradiation is shown in a UV-Visible spectrum 

of the dye where the absorption at lambda max decreases as compared to the UV-Visible 

spectrum of the solution at 20 ppm concentration without the addition of nano catalyst (Fig 

4.84).    

 

 

Fig: 4.84 Photocatalytic degradation of DR-KBL-4 using rGO-BiO2 composite as 

catalyst conditions: ([Dye solution=20ppm], [H2O2= 0.3 M] and [rGO-BiO2= 

0.7mg/mL]) 
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Absorption at lambda max decreases remarkably with the passage of time which 

showed that the nano composite of rGO-BiO2 is catalyzing the photo catalytic degradation of 

the given dye efficiently. The UV-Visible spectrum of Drimarene Red KBL-4 is scanned 

from 300 to 800 nm at optimized conditions of catalyst dosage (0.7 mg/mL) and hydrogen 

peroxide (0.3 M) under sunlight irradiation at different time intervals. 

 

Table: 4.8 Results of photo catalytic degradation against different parameters 

Parameter Amounts kaap (min-1) R2 

Induction 

period t0 

(min) 

Reaction 

progress time 

tp (min) 

Catalyst  

dosage 

0.3 (mg/mL) 0.017 0.997 13 135 

0.5 (mg/mL) 0.026 0.989 13 130 

0.7 (mg/mL) 0.030 0.998 0 105 

Hydrogen 

peroxide 

conc. 

0.1 M 0.019 0.999 20 135 

0.2 M 0.020 0.989 13 135 

0.3 m 0.030 0.998 0 105 

Temperature 

299 K 0.025 0.995 10 105 

304 K 0.033 0.993 10 95 

309 K 0.080 0.993 0 80 

314 K 0.081 0.998 0 80 

 

Figure 4.85 shows the mechanism of photo catalytic degradation of Drimarene Red 

KBL-4 using rGO-BiO2 nano composite as a photocatalyst. Under the irradiation of sunlight 

photons interact with the active sites of nano catalyst and produces oxygen free radicals 

which along with hydroxyl free radicals provided by hydrogen peroxide degraded the 

adsorbed dye molecules.  
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Fig: 4.85Mechanism of catalytic degradation of Drimarene red KBL-4 using rGO-BiO2 

nano catalyst 

4.15.2 Effect of catalyst dose/concentration for rGO-BiO2 

The catalytic efficiency of rGO-BiO2 ina photo catalytic degradation reaction is 

observed against concentration effect of catalyst for the removal of given organic dye 

Drimarene Red KBL-4 is observed using different amounts of catalyst (0.3, 0.5 & 0.7 mg/ml) 

in the irradiation of sunlight. Catalytic behavior of the synthesized nano composite of rGO-

BiO2 is observed by taking the absorption at lambda max of 520 nm. Obtained results are 

plotted as ln(At/Ao) versus time in minute are plotted and given in figure 4.86 according to 

equation 4.1 given earlier. As concentration of nano catalyst increases the values of 

ln(At/Ao) decreases due to more active sites present which enhance the degradation of dye 

under sunlight. All the plots of ln(At/Ao) showed different decreasing trends which showed 
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the dependence of  photo catalytic degradation reaction on catalyst dose moreover these plots 

show three phases from which in phase one the rate of degradation is very slow and this 

phase in termed as induction period. Induction period is seems to be effected by the amount 

of nano catalyst which catalyze the photo degradation reaction as the induction period is 13 

minutes upto 0.5 mg and reaches to zero at 0.7 mg dosage. Phase 2 of these plots showed a 

rapid increase in degradation efficiency which again slows down in phase 3 when the 

reaction reaches to completion.  
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Fig: 4.86 Effect of catalyst dose on catalytic degradation of DR-KBL-4 using rGO-BiO 

composite as catalyst (conditions: Dye solution=20ppm, [H2O2= 0.3 M] and rGO-BiO= 

0.3-0.7 mg/mL) 

The values of kaap are calculated by plot of ln(At/Ao) against time (min-1) and shown 

in figure number 4.88.Linear portion of this plot is used to calculate the value of kaap for 

different dosage of catalyst used. Total progress time of the photo catalytic degradation 

reaction is also effected by increasing the amount of catalyst dosage in the dye solution as 

shown by the results that the reaction progress time for 0.3 mg/mL catalyst dosage is 135 

minutes which reduces to 130 minutes at 0.5 and 105 minutes at 0.5 mg catalyst dosage. R2 

values are 0.997, 0.989 and 0.998 against 0.3, 0.5 and 0.7 mg concentration respectively.   
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Fig: 4.87Plot used to calculate kaap values 

Apparent rate constant is found to be 0.017, 0.026 and 0.030 at 0.3, 0.5 and 0.7 mg 

dosage of catalyst. The results showed in Fig 4.88 demonstrates that as the value of catalyst 

dose increases from 0.3 to 0.5 mg degradation rate also increases up to a limit of catalyst 

dose which is resulted because of increment in active species of catalyst. The adsorption 

power as well as light absorbing power of the composite catalyst also enhanced on increasing 

its concentration which ultimately results in enhanced activity of catalyst towards dye 

removal. 
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Fig: 4.88 Plot of 𝐤𝐚𝐚𝐩 vs catalyst dosage using rGO-BiO2 composite as catalyst 

(conditions: Dye solution=20ppm, [H2O2= 0.3 M] and rGO-BiO2= 0.3-0.7 mg/mL) 
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Plot of kaap versus dosage of rGO-BiO2 for degradation of the given dye is shown in 

figure 4.88. This Plot showed an increase in the value of kaap value from 0.017 min-1 for 

0.3mg/mL of catalyst dose to 0.026 min-1 for 0.05mg/mL of composite used. With the 

increment of the catalyst from 0.5mg/ml upto 0.7mg/mL the value of 𝑘𝑎𝑎𝑝 also also show an 

increase in removal efficiency of the composite. Actually at higher catalyst concentration 

more dye molecules as well as more photons from sunlight irradiation adsorbed which 

enhances dye removal remarkably. The kaapplot against time showed influence of catalyst 

dose on degradation behavior of synthesized nano catalyst of graphene with bismuth oxide 

composite. Omidvar et al., synthesized the pladinum incorporated graphene nano catalyst for 

the catalytic removal of dyes. Catalytic degradation reactions were performed with 

synthesized catalyst. Degradation power by adding the nano catalyst is observed using UV-

Visible spectrophotometer where decrease in absorbance is observed. Reusability of 

synthesized nano catalyst is also investigated (Omidvar et al., 2017).        

4.14.3 Dependence of catalytic efficiency of rGO-BiO2upon hydrogen peroxide 

Influence of oxidizing agent and its concentration upon photocatalytic degradation of 

Drimarene Red KBL-4 catalyzed by the synthesized nano composite of rGO-BiO2 is 

observed by using different concentrations of hydrogen peroxide (0.1, 0.2 and 0.3 M). 

Results obtained from photo catalytic degradation reaction of DR-KBL-4 in the presence of 

as fabricated nano composite of rGO-BiO2under sunlight irradiation are plotted with values 

of ln(𝐴𝑡/𝐴𝑜) against time.  
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Fig: 4.89 Effect of H2O2 concentration on catalytic degradation of DR-KBL-4 using 

rGO-BiO2 composite as catalyst (conditions: Dye solution=20ppm, [H2O2= 0.1, 0.2 

and0.3 M] and [rGO-BiO2= 0.7mg/mL) 

The values of ln(At/Ao) decreases showing the better degradation of DR-KBL-4 with 

increment in ratios of oxidizing agent. The values of lnAt/Ao decreases further as molar 

concentrations of hydrogen peroxide approached upto 0.3 molar in the dye solution of DR-

KbL-4. The calculated values of kaap from ln(At/Ao) revealed the increase in the rate of 

degradation with the number of oxygenated species at higher concentration of hydrogen 

peroxide. These oxygenated species provided by the oxidizing agent promote apparent rate of 

degradation in the presence of sunlight. 
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Fig: 4.90Plot used to calculate kaap values 

The kaap values are 0.019, 0.020 and 0.030 per minute against 0.1, 0.2 and 0.3 M 

hydrogen peroxide concentrations. It is observed that the kaap values for all these plots are 

different from each other. This shows that hydrogen peroxide is affecting photocatalysis. 

Reaction progress time is 135 minutes for 0.2 and 0.3 M H2O2 while for 0.1 M concentration 

of H2O2 the reaction progress time is observed as 105 minutes. The induction period is 20 

minutes for 0.1 molar, 13 minutes for 0.2 molar and zero minutes for 0.3 molar concentration 

of hydrogen peroxide in dye solution showing that the rate of photo catalytic degradation 

enhanced at this concentration. R2 values calculated for 0.1, 0.2 and 0.3 M concentrations of 

hydrogen peroxide are 0.999, 0.989 and 0.998 respectively. 
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Fig: 4.91 Plot of 𝐤𝐚𝐚𝐩 vs catalyst dosage using rGO-BiO2 composite as catalyst 

(conditions: [Dye solution] =20ppm, [H2O2= 0.1, 0.2 and 0.3 M] and rGO-BiO2= 

0.7mg/mL) 

The results showed the plot of kaap versus different H2O2molar concentrations in Fig 

4.91. Values of kaap increase with the increment of H2O2 mole ratio which shows that 

increasing the oxidizing agent molar ratio in solution of dye the rate of photo catalytic 

degradation reaction of the given dye also enhanced.   The value of kaap for 0.1M H2O2 

concentration is 0.019 min-1 which increases to 0.20 for 0.2 M concentration of hydrogen 

peroxide which showed a remarkable increase in dye conversion due to more oxidizing 

species present. S, Varna and R. K. Dutta fabricated the nano composite of graphene with the 

incorporation of zinc. The catalytic power of this compound is compared by graphene nano 

composite of zinc oxide nano particles. Organic dye as well as organic solvent is used to 

investigate the photo catalytic activity of both the products. Different parameters including 

dose, time, concentration and pH were optimized during the degradation reaction. The 

catalytic behavior of graphene nano composite was found to be better than the nano particles 

of zinc oxide alone (S, Varma and R. K. Dutta 2017).   
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4.15.4 Catalytic thermal degradation using rGO-BiO2as catalyst 

Effect of temperature on degradation of dye catalyzed by synthesized nano 

composites are also evaluated using a range of of 299 K to 314 K with an increment of 5 K. 

Dye solution along with fabricated nano composite and oxidizing agent were stirred to get a 

uniform mixture. The mixture is then heated in oil bath up to certain required temperatures to 

evaluate the relation between catalytic activities of the composite with change in 

temperature. Optimized conditions of catalyst dose of 0.7mg/mL and concentration of 0.3 M 

hydrogen peroxide has been used to check the effect of temperature on catalytic behavior of 

graphene nano composite with manganese oxide. Obtained results showed an increase in 

removal efficiency of the synthesized product with increase in temperature up to a certain 

limit at optimized circumstances. Induction period where rate of degradation is not in 

progress is 10 minutes for 299 and 304 K, which decreases to zero at 309 as well as at 314 K. 

Thus induction period decreases at higher temperatures. Reaction completion time also 

decreases to 80 min at 314 K temperature indicating increased rate of degradation at high 

temperatures. R2 values at 299, 304, 309 and 314 K are 0.995, 0.993, 0.093 and 0.998 

respectively. 
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Fig: 4.92Catalytic thermal degradation of DR-KBL-4 with rGO-BiO2 composite as 

catalyst (conditions: Dye solution=20ppm, [H2O2= 0.3 M] and rGO-BiO2= 0.7mg/mL) 
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As shown in the figure 4.92 the values of ln(At/At) for the degradation reaction of 

DR-KBL-4 decreased when the applied temperature increased from 299 to 314 K which 

proof the fast degradation of the given dye at high temperature owing to fast and more 

number of collisions that at 299 K. The linear decrease in these plots at all temperatures 

showed to obey the reaction kinetics of pseudo first order in process of dye removal 

thermally using synthesized nano catalyst of graphene and bismuth dioxide. As shown in the 

plot the value of ln(At/Ao) decreases remarkably as the temperature reduces from 299 Kelvin 

to 304, 309 and 314 K due to increase in the rate of degradation.  
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Fig: 4. 93Plot used to calculate kaap values 

The value of kaap is found to be 0.025, 0.033, 0.080 and 0.081 at 299, 304, 309 and 

314 K temperatures respectively (Figure 4.93). Plot of kaap versus temperature (K-1) is given 

in figure 4.94. Because as the temperature reaches to 309 K number of collisions due to 

increasing temperature become maximum thus when the temperature becomes 314 K the 

increase in apparent rate of dye removal is not significant. 
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Fig: 4.94 Plot of 𝐤𝐚𝐚𝐩 vs. temperature (K) using rGO-BiO2 composite as catalyst 

(conditions: Dye solution=20ppm, [H2O2= 0.3 M],rGO-BiO2= 0.7mg/mL and 

Temperature 299, 304, 309 and 314 K) 

Arrhenius equation is used to analyze the obtained results from degradation reaction 

using synthesized nano composite of graphene with bismuth oxide as nano catalyst in the 

reaction mixture. Arrhenius plot of lnkaapagainst 1/T is given in the Fig 4.95.Arrhenius plot 

revealed the increase in the value of lnkaap with increase in the number of collisions as well 

as number of dye molecules crossing the energy fence due to increase in temperature. As 

more dye molecules crossed the energy fence in the reaction and changed to other products 

the rate of degradation increases. The lnkaap against 299 Kelvin (0.003344 K-1) is -3.68888 

which reached to an increased value of -3.41125 at increased temperature of 304 K 

(0.003289 K-1). The value of lnKaap again increased by changing the temperature from 304 

to 309 and 314 Kelvin the value of lnkaap approached up to -2.51331 due to fast rate of 

degradation.Change in temperature from lower to higher speeds up catalytic efficiency of 

synthesized nano composite. At higher temperatures the collision frequency this increase in 

number of collisions ultimately increases the chances of crossing the energy barrier and 

converted to products.   
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Fig: 4.95 Plot of ln𝐤𝐚𝐚𝐩 vs 1/T using rGO-BiO2 composite as catalyst  

The obtained experimental results when plotted in Eyring plot an increasing trend in 

the value of ln(kaap/T) has been shown with increasing the temperature thus revealed the 

increased rate of degradation at high temperature range. The Eyring plot betweenln(kaap/T) 

and 1/T (K-1) is shown in figure 4.95.The value ofln(kaap/T) at temperature of 299 K is -

9.38932 which increases to -9.12828 when the temperature increased from 299 to 304 

Kelvin. Same trend of decreasing the value of ln(At/Ao) has been observed when the 

temperature increased from 304 to 309 Kelvin and 314 K. Time required to degrading the 

given dye decreased remarkably as the temperature approaches from 299 to 314 Kelvin. 
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Fig: 4.96 Plot of ln(𝐤𝐚𝐚𝐩/𝐓) vs. temperature (K) using rGO-BiO2 composite as catalyst  

Trend in the Eyring plot given in figure 4.96 showed the increase in the values of 

lnkaap/T at higher temperature which designated that the rate of degradation using the 

synthesized nano composite as nano catalyst increases astonishingly by increasing the 

temperature. As shown in figure 4.96 the value of ln(kaap/T) increased from -9.38932 to -

8.2627 as the temperature is increased from 0.003344 to 0.003184 per Kelvin thus enhanced 

the rate of degradation and decreased the reaction progress time. 

Table: 4.9 Parameters calculated using Arrhenius and Eyring equation 

Catalyst 

Parameters calculated using 

Arrhenius equation 

Parameters calculated using 

Eyring equation 

Ea (J/mol) A(S-1) ∆𝑯∗ (J/mol) ∆𝑺∗(J/mole) 

rGO-BiO2 

nano 

composite 

6 × 104 1.12 × 1024 6 × 104 143.99 
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Positive value of ∆𝑆∗  (143.99) shows that photo catalytic degradation is entropy 

driven process. The value of ∆𝐻∗ is found to be greater than zero which shows that the 

forward reaction towards product formation is favored at these conditions. Positive value 

of(∆𝑆∗) indicates that this catalysis is spontaneous and thermodynamically favorable. Such 

reactions moved spontaneously towards forward direction and are called entropy driven 

reaction. The values of Eyring parameters (∆𝐻∗and∆𝑆∗) calculated for synthesized nano 

composites showed that photo catalysis is an entropy driven endothermic reaction which 

proceed towards quick product formation by increasing the temperature.  

4.15.5 Percent (%) degradation: 

The non magnetic nano composite of rGO-BiO2 is employed in the photo degradation 

experiment for the removal of organic dye DR-Red KBL-4 using different amounts of the 

synthesized nano composite and oxidizing agent. Percent removal of the given organic dye 

Drimarene Red KBL-4 using rGO-BiO2 nano composite is calculated using above equation 

and histogram of percent removal versus concentrations of synthesized nano catalyst of rGO-

BiO2 and hydrogen peroxide are shown in figure 4.97. The percent degradation of the dye 

from water at 0.7 mg/mL catalyst dose and 0.3 M hydrogen peroxide concentration is 

calculated up to 97%.  This plot also shows that percent degradation increases with increase 

in catalyst and H2O2 dose.   At optimized amounts of synthesized nano catalyst as well as 

hydrogen peroxide the percent degradation of the given dye is calculated as 93% in the 

presence of sunlight. The obtained results of percent removal of given organic dye from 

water using synthesized nano composite of rGO-BiO2 has been plotted as percent removal 

against concentrations of catalyst dose and hydrogen peroxide which showed the increase in 

the percent of degradation in the presence of sunlight with increasing the amounts of nano 

composite as well as oxidizing agent in the dye solution.        
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Fig: 4.97 Histogram of percent degradation of DR-KBL-4 red dye  

Ucar et al., fabricated the graphene sheets and incorporated silicon tungstate nano 

particles on its surface. The synthesized product is subjected to remove the dye in 

photocatalytic experiment. Fabricated nano catalyst showed good results towards the removal 

of organic dyes from waste water (Ucar et al., 2017). 

4.16 Applications of synthesized graphene-metal nano composites as fuel additives 

Synthesized graphene-metal (rGO-BiO2) nano composite is used as fuel additive in 

diesel. Different parameters are measured to evaluate the role of addition of nano particles in 

fuel as additives.  

4.16.1 Flash and fire point 

Different mixtures of test fuel (diesel) at different concentrations (ppm) of 

synthesized nano composite of rGO-BiO2 were prepared and employed to open cup tester of 

fire and flash point detector to calculate the variation in fire and flash points by adding 

synthesized composite as additive material (ASTM D93). Obtained results as different 
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temperatures using synthesized product are plotted as concentration of the diesel mixture at 

x-axis versus flash and fire points at y-axis (Fig 4.98). A linear decrease has been observed at 

higher concentration of synthesized nano composite of rGO-BiO2 from 0 ppm to 40 ppm as 

shown in Fig 4.98. The decrease in the values of flash and fire points from 71oC and 74oC to 

62oC and 67oC respectively at 20 ppm concentration of nano particles thus enhances the 

catalytic combustion at fast rates which is very useful at high speeds of engine. The fire as 

well as flash temperatures further decreases as concentration of the synthesized nano 

composite of graphene with bismuth oxide is increased up to 40 ppm. The synthesized nano 

composite of graphene and bismuth oxide found to catalyze the combustion properties of the 

test fuel at higher rates thus decreasing the amount of exhaust polluted gases and increasing 

the efficiency of the fuel in the engine especially at high speeds. 
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Fig: 4.98 Dependence of fire & flash temperatures upon the concentration of rGO-BiO2 

nano composite.  

4.16.2 Pour and cloud points 

Cloud and pour point values of fuel were investigated using synthesized composite of 

graphene with bismuth oxide as additive and compared with the values of pure fuel without 

the presence of nano particles to check efficiency of these particles to use as additive for fuel. 
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The results were analyzed by plotting the value of cloud and pour point temperatures versus 

additive concentration in fuel (Fig 4.99). The values of cloud point temperature decreases as 

the concentration of the synthesized nano composite particles of rGO-BiO2 increased in the 

fuel sample. The value of cloud point is observed to decrease from 7oC (pure fuel) to 6oC at 

10 ppm of composite in test fuel. Cloud point temperature further decreases up to 1oC at 40 

ppm additive in the diesel. These composites of graphene with bismuth oxide do not affect 

the values of pour point very much. A minor decrease in the value of pour point temperature 

is observed at the concentration of 20 ppm which again remained constant up to 40 ppm 

concentration of the nano composite particles in the fuel sample.      
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Fig: 4.99 Dependence of pour & cloud temperatures of fuel upon the concentration 

rGO-BiO2 nano composite.  

4.16.3 Specific gravity 

Specific gravity of pure diesel fuel as well as at different concentrations of rGO-BiO2 

nano particles is measured using gravity bottle (ASTM D1298). Different concentration 

solutions of nano composite as 10, 20, 30, 40 and 50 ppm are prepared in diesel using 

ultrasonic technique to observe the specific gravity of the diesel at these concentrations. 

Obtained results are given in figure 4.100 as plot between concentrations of nano composite 
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versus the value of specific gravity at that concentration. Specific gravity of the diesel 

increases at higher concentrations of composite in the fuel as shown in plot of specific 

gravity (Fig 4.100). The addition of synthesized nano composite particles makes the fuel 

denser which enhances the efficiency of the fuel. The values of specific gravity first increase 

slowly up to 20 ppm concentration but at 40 ppm concentration, specific gravity increases 

rapidly showing a strong effect of catalyst concentration of the specific gravity of the fuel. 
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Fig: 4.100 Plot of specific gravity of fuel (diesel) at different concentrations of additive 

rGO-BiO2. 

4.16.4 Kinematic viscosity 

Dependence of fuel viscosity of the diesel on synthesized composite using as additive 

is observed as well as without the addition of these nano particles using viscometer (ASTM 

D). Results obtained from the experimental calculations in the absence of additive and with 

the addition of synthesized nano composite are shown in plot of different concentrations of 

nano composite versus the values of kinematic viscosity calculated against these 

concentrations (Fig 4.101).Kinematic viscosity of fuel without the addition of nano particles 

is calculated as 3.87 m-2s-1 which increases with rGO-BiO2 composite. Increase in the values 
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of kinematic viscosity is slow at lower additive composite concentration in the diesel upto 10 

ppm but the values of kinematic viscosity increases rapidly as the concentration of rGO-BiO2 

nano composite increase above 10 ppm. Increase in kinematic viscosity increases resistance 

between the layers of the fuel thus increasing the efficiency of the fuel. 
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Fig: 4.101 Plot of kinematic viscosity of fuel (diesel) at different concentrations of 

additive rGO-BiO2. 

4.16.5 Calorific values 

Calorific values of diesel fuel with and without the addition of rGO-BiO2 nano 

particles are measured using oxygen bomb calorimeter (ASTM D240). Different 

concentrations of synthesized nano composite are used for the measurement of calorific 

values ranging from 0 (without nano composite) to 40 ppm solution with an increment of 10 

are prepared using ultrasonic technique. Calorific values obtained at these concentrations are 

plotted against the concentration of nano composite used (Fig 4.102).Calorific value of pure 

diesel increases on adding rGO-BiO2 composite in diesel and this increment is more 

remarkable at higher concentrations of nano composite (Fig 4.102). 
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Fig: 4.102 Plot of calorific values of fuel (diesel) at different concentrations of additive 

rGO-BiO2. 

The increase in the calorific value is due to oxygenated species present on the surface 

of the nano composite whose availability increases by increasing the nano composite 

concentration in the fuel which ultimately increases the transport of oxygen to the fuel thus 

catalyzing the combustion of fuel better than the fuel without these nano particles.   
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Chapter-5 

SUMMARY 

 

The emphasis of the present research is the fabrication of graphene composite materials with 

metal oxide particles to show better synergistic effects. First graphene is synthesized using 

modified Hummers’ and Hoffman method. Graphite is oxidized during different steps of 

synthesis using potassium permanganate and hydrogen peroxide as oxidizing agents. 

Graphene oxide suspension obtained at the end is washed thoroughly to maintain the neutral 

pH and then dried to get GO which is exfoliated using ultra sonic treatment to form the 

graphene oxide suspension which is used further in synthesis of composites. Solvothermal as 

well as co-precipitation techniques are employed to synthesize these composites of graphene 

with manganese oxide (rGO-Mn2O), zirconium oxide (rGO-ZrO2), bismuth oxide (rGO-

BiO2) as well as zinc-aluminum (rGO-ZnAl2O) bimetallic nano composite material with the 

synthesized graphene. In the formation of composite the graphene oxide is changed to 

reduced form as the metal oxide nano particles are adsorbed on it. Synthesized nano 

composites are analyzed using SEM, TEM & XRD to analyze morphological impacts, 

sample purity as well as structure synthesized nano composites. SEM and TEM analysis of 

rGO-Mn2O showed needle like structure having high porosity and dispersed randomly. The 

nano composite of rGO-ZrO2 showed spherical structure on nano particles but present in the 

form of clusters which dispersed randomly in SEM and TEM images. TEM image of rGO-

ZrO2 also showed high degree of porosity. Results showed in the SEM and TEM image of 

bismuth oxide showed porosity on the surface and the particles of bismuth oxide are 

adsorbed on the surface of graphene. The bimetallic nano composite of zinc-Aluminum with 

graphene showed needles like morphology in the images obtained through SEM and TEM 

with pores on the surface. The results obtained by the analysis of X-ray diffraction technique 

showed sharp peaks at characteristic energy sets. XRD results for GO showed specific peaks 

on 2-theta values 10.88,17.68, 26.52 and 48.42 with planes of (001), (010), (101) and (110) 

which reveal the formation of graphene oxide and purity of the synthesized product. Sharp 

peak of strong intensity at 2-theta value of 10.88 confirms the formation of graphene oxide 

successfully. High intensity of peaks showed the strong oxidation of the product. The XRD 
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pattern of rGO-Mn2O contain sharp peaks are at 2-Theta values of 14.33o, 28.90o, 40.67o, 

48.21o, 49.14o, 62.94o and 67.85o with planes of (011), (022), (231), (042), (001), (026) and 

(021) respectively indicated the fabrication of rGO-Mn2O. The sharp peaks of the graph 

showed the purity and well crystallization of the synthesized product. The peak next to 2-

Theta value of 10 shows the presence of GO and the peak before 2-Theta value of 30 showed 

the reduced graphene oxide in the synthesized product. The X-ray diffraction pattern 

illustrates the characteristic parameters of the synthesized product. Sharpness of resulted 

peaks for rGO-ZrO2 indicates purity of the synthesized nano composite product. Sharp peaks 

are observed at 2-theta values of 30.52, 35.32, 44.58, 50.61 and 60.31 corresponding to the 

planes of (010), (011), (021), (001) and (110) respectively which confirm the synthesis of 

rGO-ZrO2 nano composite material. Sharp peak at 2-theta value of 28.9 confirms the 

presence of reduced graphene in composite thus graphene oxide sheets used for the 

fabrication of nano composite converts to reduced graphene during the fabrication of this 

nano composite of zirconium oxide with graphene. Strong intensity peaks at 2-theta value of 

10 also diminished which indicate the conversion of GO to rGO thus nano particles of ZrO2 

are incorporated on graphene in the formation of nano composite.XRD pattern of rGO-

ZnAl2O contain sharp peaks at 2-theta values of 34.14, 35.84, 47.35, 56.33, 62.68 and 67.92 

with planes of (001), (101), (410), (002), (012) and (010) respectively which indicates the 

synthesis of rGO-ZnAl2O with high purity and good crystallization in the product. The sharp 

peak with high intensity at 2-theta value of 30.1 shows the presence of rGO in the 

synthesized product. The nano particles of ZnAl2O are attached to graphene. Sharp peaks of 

XRD pattern of rGO-BiO2 at 2-theta values 13.68, 24.37, 27.27, 36.32, 50.40 and 55.23 with 

planes of (101), (002), (010), (102), (044) and (001) showed the formation of rGO-BiO2 nano 

composite. Peaks at 2-theta values 10.11 and 27.02 showed the presence of GO and rGO in 

the synthesized product but low intensity of GO peak at 2-theta value of 10.11 show that 

significant amount of graphene oxide is converted to reduced graphene during the formation 

of composite. Photo catalytic applications of the synthesized nano composite particles are 

investigated against dye removal from water. All the nano composites showed good catalytic 

behavior towards the catalytic degradation of Drimarene red KBL-4.Among all the 

synthesized nano composites rGO-ZnAl2O showed the good results after bimetallic nano 

composite of rGO-ZnAl2O in this regard. Percent degradation of the dye in the photo-
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phenton experiments catalyzed by all the synthesized nano composite of graphene with 

different metals is observed above 90%. The nano composite of rGO-Mn2O degraded 97% 

dye in 125 minutes at optimum conditions which are the best results for photo catalytic 

behavior amon other synthesized nano composites. The nano composite of rGO-ZrO2 showed 

91% degradation of the given dye in 129 minutes while rGO-BiO2 showed 93% degradation 

in 105 minutes. The bimetallic nano composite of rGO-ZnAl2O showed 94% degradation in 

85 minutes, which showed highest degradation efficiency for the given organic dye. Catalytic 

thermal degradation of the given dye with synthesized nano composites is also observed. 

There is prominent increase in removal efficiency of synthesized nano composite compounds 

for the removal of given dye in which time for the degradation of that dye also reduced with 

increasing the temperature. Catalytic behavior of the synthesized graphene-metal nano 

composite materials as fuel additives is also investigated to check the properties of these 

products as additives for fuel. Diesel is used as the test fuel to investigate the different 

properties of the diesel. Fuel blended with synthesized nano particles as compared to 

unblended fuel. 
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