
UNIQUE PREPARATION AND CHARACTERIZATION OF 

GRAPHENE NANO-MATERIALS 

 

A Thesis Submitted in Partial Fulfillment of the Requirement for the Degree of  

M. Phil. in Chemistry 

 

 

SUBMITTED BY 
 

Ratan Kumar Paul 

STUDENT ID: F0412033103 

SESSION: APRIL 2012 

 

 

 

 

 

 

 
 
 
 

nanoChemistry Research Laboratory 
Department of Chemistry 

Bangladesh University of Engineering and Technology (BUET) 
 Dhaka-1000, Bangladesh 

 

        
March 30, 2017 

 



 

 

 

 

 

CANDIDATE’S DECLARATION 

 

It is hereby declared that this thesis or any part of it has not been submitted elsewhere for the 

award of any degree or diploma.  

  

 

 …..………………………… 

(Ratan Kumar Paul) 

Signature of the Candidate 

 

 

 

 

 

 



 



 

 

 

 

 

 

Dedicated to 

My Beloved Parents 
 

 

 

 

 



 

i 
 

Acknowledgement 

I would like to take this precious opportunity to thank my supervisor, Dr. Md. Shakhawat 

Hossain Firoz, Associate Professor, Department of Chemistry, BUET, for his guidance, 

knowledge and critical thinking that have inspired me to dedicate myself to research work.  

I would like to express my heartier gratitude and sincere appreciation to my co-supervisor, 

Dr. Al-Nakib Chowdhury, Honorable Vice-Chancellor, Pabna University of Science and 

Technology (PUST), Pabna, for introducing me to the exciting field of graphene base nano 

material chemistry and offering me the chance to work with his research group at nano 

Materials Chemistry Research Laboratory.   

I also would like thank Dr. Md. Rafique Ullah, Dr. Md. Manwarul Islam, Dr. Md. Nazrul Islam 

and Dr. Shakila Rahman, for their guidance, appreciated comments and help throughout this 

work. 

I would like to thank Abu Hasan Hawlader, Md. Elias, Mohammad Mozammal Hosen 

Mohammad Motiur Rahman Imon and all my lab mates and friends for their discussions and 

help.  

I am indebted to many of my respected teacher in Department of Chemistry, BUET. I would 

also like to thank all of the officers and staffs of the Department of Chemistry, BUET for 

their continuous help during my study period express my gratitude to the Department of 

Glass and Ceramic Engineering, BUET for giving support for FESEM analysis. I also thank 

A. K. M. Atique Ullah (SO), Dr. Md. Nazrul Islam Khan (SSO) and to the authority of 

Bangladesh Atomic Energy Commission for helping in XRD analysis.   

I would like to convey my deepest gratitude to the board of examiners for their valuable 

corrective suggestions regarding this dissertation.  

I thank CASR, BUET and Ministry of Science and Technology (MOST) for funding 

regarding this project, Department of Chemistry for all the supports it provided in the project 

and  

Finally, I would like to express my warmest thanks to my family members for their 

continuous inspirations, moral supports and immeasurable sacrifices during this project. 

 

 

 

30 March 2017                                                                                     Ratan Kumar Paul 

 

 



 

ii 
 

Abstract 

 
Graphene and its nano-composites have extraordinary structure and exhibits excellent 

electrical, optical, mechanical, thermal and adsorptive properties. One of the important 

applications of the materials is the adsorption of environmental pollutants. Considering their 

high specific surface area many graphene based nano-materials have been used as removing 

heavy metal ions and organic pollutants from aqueous solutions. To reduce the concentration 

in permissible level by adsorption or degradation to less toxic molecules transition metal, 

metal oxide and their hybrid materials with graphene are in the focusing point of scientific 

communities. Hence, in our present work, graphene in the form of reduce graphene oxide 

(rGO) based binary and ternary metal composites in nanoscale have been synthesized by a in 

situ chemical method. GO was first synthesized from graphite flakes following Hummers 

method. Whereas the target metal ions were deposited on rGO by a in situ chemical reduction 

method of GO and metal salts. Sn/rGO, Ag/rGO and Ag+Sn/rGO nanocomposites were 

synthesized and were subjected to chemical characterization by FTIR, structural 

characterization by XRD. The surface areas of rGO, Sn/rGO and Ag+Sn/rGO composites 

were measured by BET analysis. The thermal stability all of those synthesize materials were 

studied by TGA analysis. The active surface areas rGO and Sn/rGO nanocomposite were 

measured by adsorption studies using methylene blue (MB) as a model dye.  

  

rGO and Sn/rGO nanocomposite were characterized for surface morphology and active 

surface and kinetics of adsorption by FESEM and adsorption of MB dye respectively. 

Adsorption of MB was studies in terms of contact time, concentration of MB and pH of the 

solution. The adsorption equilibrium of rGO and Sn/rGO reached within 5 h for MB 

concentration of 30-60 mg/L. The sorption was analyzed using pseudo-first-order and 

pseudo-second order kinetics models and was found to follow a pseudo-second order kinetic 

model. The extent of the dye adsorption increased with increasing initial dye concentration 

for Sn/rGO composite but reverses for only rGO. The equilibrium data in aqueous solutions 

were well represented by the Langmuir isotherm model. An adsorption-desorption study was 

examined resulting the mechanism of adsorption was reversible and ion-exchange. The 

adsorption capacity of MB onto Sn/rGO was found to be as high as 215.21 mg/g, which is 

several folds higher than the adsorption capacity of rGO that was found to be 119.84 mg/g. 

The active surface areas of crumpled 3-dimensional structure of Sn/rGO nanocomposite 

appears as a several folds higher than the partial overlapping and coalescing rGO, due to 

potential adsorption capacity for the adsorption of MB from aqueous solution. After MB 

adsorption, the possible change of the surface morphology and functionality and elemental 

composition of adsorbent was observed and examined by the FTIR technique, EDX data 

analysis and FESEM image. 
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1.1 Introduction 

Graphene, a single-atom thickness, two-dimensional hexagonal of honeycomb 

network of sp2 carbon atoms, is a zero band gap semiconductor which has 

extraordinary structure and exhibits excellent electronic, optical, mechanical and 

thermal properties such as the high values of its mobility of charge carriers (200000 

cm2V-1s-1), [1] fracture strength (125 GPa), [2] Young’s modulus (~1100 GPa), [2] 

thermal conductivity (~5000 Wm-1K-1), [3] specific surface area (theoretical value of 

2630 m2g-1), [4] and high optical transmittance [4]. These attractive properties have 

triggered huge interest from different research fields concerned with energy 

conversion/storage and environmental pollution remediation, both of which are the 

most pressing and burning issues in modern society. However, for those practical 

applications in supercapacitors, lithium ion batteries, solar cells, adsorption and 

degradation of different kinds of pollutants from large volumes of aqueous solutions, 

graphene needs to be available and processable in large quantity and good quality. 

 

(a) (b) 

Fig. 1.1: (a) A molecular model of single atomic layer graphene, (b) Graphene as a 

basic building-block material for graphitic materials such as fullerene, carbon 

nanotube and graphite [5]. 

To fully utilize the superior properties of graphene, fabrication of graphene 

composites with other functional materials is another important academic and 

technological endeavor, for which extraordinary performances have been witnessed in 

many scientific research areas such as different metal oxides-graphene composites 

have explored a large variety of ceramics including SiO2 [6], TiO2 [7], NiO [8], Co3O4 
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[9], ZnO [10], Al2O3 [11], Cu2O [12], SnO2 [13] and MnO2 [14]. The prime 

applications of these metal oxides-graphene composites are mainly in electronic 

devices for field emitters [15], Li-ion batteries [9, 14], solar cells [16], super 

capacitors [17] and photo catalysts [10]. Graphene is mostly used as reinforcement for 

the ceramic matrix to enhance its performance in electronic applications. But there are 

few studies in which graphene have been used as the major element or the matrix of 

the composite with ceramic particles as the second phase [17]. However, research on 

metal-graphene composites is still in its infancy with very few studies as compared to 

metal oxides-graphene composites. The metal-based composite systems, which has 

explored the potential of graphene as a second phase includes gold [18-21], platinum 

[18, 22] palladium [18], cobalt [23], and silicon [24]. The projected application of 

these composites is found in energy devices such as Li-ion batteries [24], 

supercapacitors [22], electrocatalysts [18-21], biosensors [19-21], as well as shows 

removal of organic pollutant [25-27]. In the environmental pollution remediation area, 

many graphene and magnetic graphene nanomaterials have been used as adsorbents 

for heavy metal ions and organic pollutants [25] while several transition-metal oxide 

graphene hybrids have been used for the degradation of toxic organic pollutants [26]. 

Some graphene-based materials have been fabricated as sensor devices for pollutant 

analysis [27].  

The challenge in synthesizing metal-graphene composites could be the reaction at the 

interface because metals are much more reactive than metal oxide. In high 

temperature reaction metal are oxidizes to metal oxide, but this problem has not yet 

been addressed as the composites studied to date are mostly physical mixtures and do 

not involve high temperatures during processing. The basic principles adopted for 

synthesizing metal-graphene composites are classified into the following categories; 

reduction of GO to rGO after chemical mixing with metals [28-31], chemical mixing 

of rGO with metals [32], mechanical mixing of rGO with metals [32] and 

electrodeposition [33].  

 

Fig. 1.2: Formation of nanocomposites. 
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The main disadvantage of those methods are metal nano particles not homogeneously 

distribution into composites as somewhere metal nano particles agglomerated and 

somewhere graphene agglomerated, grain particles of composites not in nano scale, 

and during the composite processing reaction few amount metal oxidized [30-33]. 

Xu et al. [18] synthesized metal nanoparticles (Au, Pt and Pd)-graphene composites 

by the process of reduction of GO to rGO after chemical mixing with metals 

nanoparticles, a general approach for the preparation of graphene-metal particle 

nanocomposites in a water-ethylene glycol system using graphene oxide as a 

precursor and metal nanoparticles (Au, Pt and Pd) as building blocks. These metal 

nanoparticles are adsorbed on graphene oxide sheets and play a pivotal role in 

catalytic reduction of graphene oxide with ethylene glycol, leading to the formation of 

graphene-metal particle nanocomposites (Fig. 1.3). 

 

Fig. 1.3: Scheme showing a proposed formation route to anchor metal particles onto 

exfoliated graphite oxide or graphene sheets. (1) Oxidation of graphite (black lines) to 

graphite oxide (gray lines) with greater interlayer distance. (2) Exfoliation of graphite 

oxide by sonication in water solution. (3) Attachment of metal particles on the 

graphene oxide sheets. (4) Formation of graphene-supported metal particles 

composites by reduction of the graphene oxide sheets. The distorted carbon sheets 

are simplified to an idealized planar model. 

Li et al. [34] synthesized Au/rGO nanocomposites by electrochemical methods in 

2012, a green and controllable approach for electrochemical synthesis of a 

nanocomposite made up from electrochemically reduced graphene oxide (ERGO) and 

gold nanoparticles. This material possesses the specific features of both gold 

nanoparticles and graphene. Its morphology was characterized by scanning electron 

microscopy which reveals a homogeneous distribution of gold nanoparticles on the 

graphene sheets.  
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Samulsk et al. [35] synthesized Pt/Graphene nanocomposites by dispersion method in 

2008, Platinum nanoparticles are deposited on graphene sheets by the chemical 

reduction of chloroplatinic acid (H2PtCl6) with methanol in the presence of the 

surfactant 3-(N,N-dimethyldodecylammonio) propanesulfonate (SB12) (Fig. 1.4). Pt 

metal deposited graphene composite was characterized by atomic force microscopy 

(AFM), transmission electron microscopy (TEM), scanning electron microscopy 

(SEM) and X-ray diffraction (XRD) analysis. 

 

Fig. 1.4: Schematic diagram of graphene sheets and nanoparticle-modified graphene 

sheets in its dispersion and dry state. (a) Graphene sheets, isolated graphene sheets 

exist in its dispersion; in the dry state, graphene sheets aggregate and stack into a 

layered structure like graphite. (b) Nanoparticle modified graphene sheets; isolated 

sheets exist in its dispersion; in the dry state the nanoparticles with diameters 

spanning several nanometers act as nanoscale spacers to increase the interlayer 

spacing between graphene sheets, thus making both faces of graphene accessible. 

Yong Hu et al. [36] synthesized Ni-rGO nanohybrids composite by the microwave-

assisted method in 2012, a facile one-step microwave-assisted method for deposition 

of monodisperse Ni nanospheres on reduced graphene oxide (rGO) sheets to form Ni-

rGO nanohybrids is synthesis. In the presence of hydrazine monohydrate, Ni 

nanospheres are grown onto rGO sheets using nickel precursor and GO as starting 

materials in ethylene glycol solution under a low level of microwave irradiation (300 

W) for 20 min, during which GO is also reduced to rGO. The resulting Ni-rGO 

nanohybrids-modified glassy carbon electrode (GCE) shows significantly improved 

electrochemical performance in nonenzymatic amperometric glucose detection (Fig. 

1.5).  
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Fig. 1.5: Schematic illustration of the formation of Ni-rGO nanohybrids via a facile 

one-step solvothermal route at low temperature. 

Considering the importance of graphene metal nano-materials (GnM) in different 

technological applications, development of an easy synthetic method is a pressing 

need. Recently, great efforts have been focused on the preparative methods to obtain 

various graphene-based materials. In the recent time, the individual reduction (two 

step) of graphene oxide (GO) to graphene and metal salts to metal nano-particles and 

finally, dispersion of graphene and metal nano-particles to synthesis of 

metal/graphene (GnM) composites [26-27]. The present study would be an attempt to 

develop a convenient, inexpensive and clean technique as an in situ chemical 

reduction (one step) protocol for synthesis of GnM composite as well as a complete 

characterization of the materials in terms of chemical, structural and surface activity. 

Objectives with specific aims and possible outcome                     

Preparation of GnM form GO and metals salts and their characterization are the prime 

aim of this work which may open the possibilities of using GnM in environment 

pollution remediation. Consequently the objective of the present study were to  

I. Synthesis of rGO from GO by chemical reduction methods 

II. Synthesis of GnM composites from GO and metals salts by in situ chemical 

reduction methods (single step). 

III. Evaluate the structural morphology, grain size, elemental composition and 

thermal stability of rGO and GnM composites. 

IV. Surface characterization in terms of surface area and surface activity through 

the BET surface area and adsorption of a model dye respectively. 
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2.1 Graphene 

2.1.1 Introduction  

Graphene, which consists of one to few graphitic layered sp2 bonded 2D carbon allotropes, 

has become a unique material due to its extraordinary properties like electrical and thermal 

conductivity, high charge carrier density, carrier mobility, optical conductivity [1], and 

mechanical property [2-6]. Hence it created unprecedented interest in research and industry to 

be used as next-generation electronic and photonic materials. The basic building blocks of all 

the carbon nanostructures are a single graphitic layer that is covalently functionalized sp2 

bonded carbon atoms in a hexagonal honeycomb lattice, which forms 3D bulk graphite, when 

the layers of single honeycomb graphitic lattices are stacked and bound by a weak van der 

Waals force. When the single graphite layer forms a sphere, it is well known as 0-dimensional 

fullerene; when it is rolled up with respect to its axis, it forms a one-dimensional cylindrical 

structure called a carbon nanotube; and when it exhibits the planar 2D structure from one to a 

few layers stacked; it is called graphene (Fig. 2.1). One graphitic layer is well known as 

monoatomic or single-layer graphene and two and three graphitic layers are known as bilayer 

and trilayer graphene, respectively. More than 5-layer up to 10-layer graphene is generally 

called few-layer graphene, and ~20- to 30-layer graphene is referred to as multilayer 

graphene, thick graphene, or nanocrystalline thin graphite. 

 

Fig. 2.1: Crystal structures of the different allotropes of carbon. (Left to right) Three-

dimensional diamond and graphite (3D); two-dimensional graphene (2D); one-dimensional 

nanotubes (1D); and zero-dimensional bucky balls (0D) [7]. 

The theory of graphene was first explored by P. R. Wallace in 1947 as a starting point for 

understanding the electronic properties of 3D graphite.The term ‘graphene’ was introduced by 

Hanns-Peter Boehm and first appeared in 1987 to describe single sheets of graphite as a 
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constituent of graphite intercalation compounds (GICs) [8-9]. However, the credit of true 

discovery of graphene belongs to A. Geim and K. Novoselov who extracted single sheet 

graphene from 3D graphite using micromechanical cleavage technique in 2004 and received 

Noble prize in physics in 2010 for this breakthrough discovery [7, 10]. 

2.1.2 Structure and Properties 

Graphene is a one-atom-thick planar sheet of sp2-bonded carbon atoms in form of a 

honeycomb lattice, and it is essentially building-block material for graphitic materials such as 

fullerene, carbon nanotube and graphite [3]. 

 

Fig. 2.2: Sheet like atomic structure of graphene. 

The 2s, 2px and 2py orbitals in each carbon atom of graphene are mixed with together to form 

three sp2-hybrid orbitals. Three sp2-hybrid orbital electrons form extremely strong in-plane σ-

bonds with three nearest neighbor atoms in the basal plane of graphene. The fourth valence 

electron lies in the 2pz orbital that is oriented perpendicular to the graphene plane and forms 

the delocalized -bond, which leads to electrical conductivity [11]. 

 

Fig. 2 .3: Schematic sp2-hybridized C-C bond structure of graphene containing in-plane σ-

bonds and perpendicular π-bonds. 

Graphene was first isolated from graphite by Geim and Novoselov at the University of 

Manchester in 2004. According to their study, graphene demonstrated ambipolar electric-field 
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effect with a high value of charge carrier mobility (~10000 cm2V-1s-1) at ambient temperature 

[12]. It is reported that, graphene possess superior charge carrier mobility of 200000 cm2V-1s-1 

at low-temperature for charge carrier density below 5 × 109 cm-2, which cannot be obtained in 

semiconductors or non-suspended graphene [13]. It has been found that the charge carrier 

mobility decreases with the increase of layer of graphene [14]. The thermal conductivity 

measurements have shown that the suspended single-layer graphene sheet exhibits extremely 

high thermal conductivity value of 5000 Wm-1K-1 [15]. The measurements have shown that 

the white light opacity of a suspended single-layer graphene sheet is 2.3 ± 0.1% with a 

negligible reflectance (< 0.1%) whereas the opacity is independent of wavelength and 

increases linearly with the increase of the number of layers from 1 to 5 [1]. Besides, graphene 

exhibits other superior properties such as fracture strength (125 GPa) [6], Young’s modulus 

(~1100 GPa) [6], and large specific surface area (theoretical value of 2630 m2g-1) [16]. 

2.2 Overview of Graphene Synthesis  

Several techniques have been established for graphene synthesis. However, mechanical 

cleaving (exfoliation) [12], chemical exfoliation [11], chemical synthesis [17], and thermal 

chemical vapor deposition (CVD) [18] synthesis are the most commonly used methods today. 

Some other techniques are also reported such as unzipping nanotube [19, 20] and microwave 

synthesis [21]; however, those techniques need to be explored more extensively. An overview 

of graphene synthesis techniques is shown in the flow chart in Fig. 2.4. 

 

Fig. 2.4: The schematic represents the different graphene synthesis methods. 
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2.2.1 Mechanical Exfoliation 

Mechanical exfoliation is the first recognized method of graphene synthesis. This is a top-

down technique in nanotechnology, by which a longitudinal or transverse stress is generated 

on the surface of the layered structure materials using simple scotch tape or AFM tip to slice a 

single layer or a few layers from the material onto a substrate. Graphite is formed when 

mono-atomic graphene layers are stacked together by weak van der Waals forces. The 

interlayer distance and interlayer bond energy is 3.34 Å and 2 eV/nm2, respectively. For 

mechanical cleaving, ~300 nN/μm2 external force is required to separate one mono-atomic 

layer from graphite [22]. In the year 1999, Ruoff et al. [23] first proposed the mechanical 

exfoliation technique of plasma-etched pillared HOPG using an AFM tip to fabricate 

graphene (Fig. 2 .5). The advantage with this technique is that the individual graphene sheet 

prepared by this technique has high quality, while the disadvantage is that this technique is 

not suitable for large-scale production. 

 

Fig. 2 .5: Mechanical exfoliation of monolayer and few-layer graphene from HOPG [12]. 

2.2.2 Chemical Exfoliation 

Like mechanical exfoliation, chemical exfoliation is one of the established methods for 

fabricating graphene. Chemical exfoliation is a process by which alkali metals are intercalated 

with the graphite structure to isolate few-layer graphene dispersed in solution. Alkali metals 

are the materials in the periodic table that can easily form graphite-intercalated structures with 

various stoichiometric ratios of graphite to alkali metals. One of the major advantages of 

alkali metals is their ionic radii, which are smaller than the graphite interlayer spacing; hence 

they fit easily in the interlayer spacing as shown in the schematic in Fig. 2.6. The process is 

versatile because it is a low-cost solution-phase method, is scalable, and would be capable of 
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depositing graphene on a wide variety of substrates, which is not possible using other 

processes like cleavage or thermal deposition.  

Kaner et al. first reported [24] chemically exfoliated few-layer graphite (later called 

“graphene”) using potassium (K) as the intercalating compound forming alkali metal. 

Potassium (K) forms a KC8 intercalated compound when reacting with graphite at 200°C 

under an inert helium atmosphere (less than 1 ppm H2O and O2). The intercalated compound 

KC8 undergoes an exothermic reaction when it reacts with the aqueous solution of ethanol 

(CH3CH2OH) as per Equation (2.1). Hence, potassium ions dissolve into the solution forming 

potassium ethoxide, which is basic in nature, and the reaction leads to hydrogen generation, 

which helps to separate the graphite layers.  

                       KC8 + CH3CH2OH + 8C → KOCH2CH3 + 1/2H2   …………………………………   (2.1) 

 

Fig. 2.6: Schematic illustrating the chemical exfoliation. 

2.2.3 Chemical Synthesis: Graphene from Reduced Graphene Oxide 

Chemical synthesis is a top-down indirect graphene synthesis method, and is the first method 

that demonstrated graphene synthesis by a chemical route. The method involves the synthesis 

of a graphite oxide (GO) by oxidation of graphite, dispersing the flakes by sonication, and 

reducing it back to graphene. There are three popular methods available for GO synthesis: the 

Brodie method [25], Staudenmaier method [26] and Hummers and Offeman method [27]. All 

three methods involve oxidation of graphite using strong acids and oxidants. The degree of 

oxidation can be varied by the reaction conditions (e.g., temperature, pressure, etc.), 

stoichiometry, and the type of precursor graphite used as a starting material.  
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GO was first prepared [25], by mixing graphite with potassium chlorate and nitric acid. 

However, the process contains several steps that are time consuming, unsafe, and hazardous. 

In order to overcome those problems, Hummers [27] developed a method for fabricating 

graphite oxide by mixing graphite with sodium nitrite, sulfuric acid, and potassium 

permanganate, well known as Hummers method. To improve the preparation procedure of 

GO, Tour and coworkers reported a new recipe for the preparation of GO in 2010 [28]. They 

excluded sodium nitrate (NaNO3) from the reaction, increased the amount of potassium 

permanganate (KMnO4) and introduced phosphoric acid (H3PO4) into the reaction in a 9:1 

mixture of H2SO4/H3PO4. It is believed GO prepared by this method has higher level of 

oxidation with more intact graphitic basal planes compare to GO prepared by Hummer's 

method. When graphite flakes are oxidized by using strong oxidizing agents, the carbon 

atoms' layer of graphite is decorated by oxygen-functional groups to form graphite oxide. 

These oxygen-functional groups can expand the interlayer space of graphite planes 0.34 nm to 

0.8 nm and make the planes hydrophilic. As a result, graphite oxide can be easily dispersed 

and exfoliated in water by using moderate sonication or stirring for a long time. After 

exfoliation, the solution contains monolayer; bilayer or few-layer sheets of carbon atoms, 

which are named graphene oxide (GO). 

 

Fig. 2 .7: Procedure comparisons of different methods to produce GO. The very small amount 

of under-oxidized graphite which retained on the sieve indicates the increased efficiency of 

the improved GO method [28]. 

The chemical reduction process is carried out using dimethylhydrazine or hydrazine in the 

presence of a polymer or surfactant to produce homogeneous colloidal suspensions of 
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graphene. The process flow chart of the chemical synthesis of graphene is shown in a 

schematic in Fig. 2.8 (a) and (b).  

One interesting chemical technique, the Langmuir-Blodgett assembly of GO single layers 

(GOSL), was successfully demonstrated by Cote et al. (2008) [29].  

(a) 

 
(b) 

 
Fig. 2.8: (a) The process flow chart of graphene synthesis derived from graphite oxide, (b) 

Schematic showing that the 3-D GO (carbon in grey, oxygen in dark grey, and hydrogen in 

white) restores its planar structure when reduced and dispersed with hydrazine. 

All of the previously mentioned processes comprise the chemical approach for synthesizing 

graphene. Direct graphene synthesis using electrochemical methods was reported by Liu et al. 

[29]. The method is environment friendly and leads to the production of a colloidal 

suspension of imidazolium ion-functionalized graphene sheets by direct electrochemical 

treatment of graphite. The mechanism stated that the imidazolium ion covalently attached to 

the graphene nanosheets electrochemically through the breaking of the C–C π bond. As 

shown in Fig. 2.9, 10-20 V potential was applied to originate graphene nanosheets from the 

graphite anode.  

Chemical synthesis of graphene has several advantages such as a low temperature process, 

and therefore could be readily processed on any substrate with much more flexibility. In situ, 

functionalized graphene with different functional groups can be easily synthesized via this 

route for chemical and biological applications. 
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Fig. 2.9: Schematic diagram of the electrochemical graphene synthesis process. 

Further, the process is low in cost as graphite is abundant in nature (natural graphite supplies 

worldwide are estimated at 800 M tons). In contrast, the chemical syntheses of graphene have 

several disadvantages such as small yield, defective graphene, and partially reduced GO, 

which readily deteriorates the properties of graphene.  

2.3 Metal-Graphene Composite Synthesis 

Research on metal-graphene composites is still in its infancy with very few studies as 

compared to metal oxide-graphene composites. The metal-based composite systems, which 

have explored the potential of graphene as a second phase includes gold [30], platinum [31], 

palladium [32], cobalt [33], and silicon [34]. The projected application of these composites is 

found in energy devices such as Li-ion batteries [34], supercapacitors [35], electrocatalysts 

[32], and biosensors [36]. The challenge in synthesizing metal-graphene composites remains 

similar to that for metal oxide-graphene systems. An additional challenge for metal-graphene 

composites could be the reaction at the interface because metals are much more reactive than 

metal oxide. The basic principles adopted for synthesizing metal-graphene composites are 

classified into the following categories. 

2.3.1 Reduction of GO to rGO after Chemical Mixing with Metals 

This class of processing route involves the mixing of metal particles with GO to form the 

composite structure, after which GO is reduced to graphene. Composites containing gold [32], 

palladium [32], platinum [32], and cobalt [33] are fabricated through this route. Xu et al. [39] 

used a water-ethylene glycol system to disperse GO and metal nanoparticles. The metal 

nanoparticles absorbed on GO sheets play a major role in the catalytic reduction reaction of 

GO with ethylene glycol and form the metal-graphene composite. Homogeneous dispersion of 
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GO in water-ethylene glycol systems confirms even distribution of metallic nanoparticles on 

them. On the other hand, metallic nanoparticles sitting on the graphene sheets prevent their 

restacking and agglomeration. This class of fabrication route assures uniform distribution of 

phases in metal-graphene composite 

2.3.2 Chemical Mixing of Graphene with Metals 

This class of processing route uses graphene and metallic salt as the starting materials. The 

metallic salts are reduced in dispersion and deposited on graphene sheets to form the 

composite. The aim of fabricating these composite structures is mainly to prevent the 

aggregation of graphene layers by introducing nanosized metallic particles between the layers. 

Si et al. deposited platinum nanoparticles on graphenesheets by the chemical reduction of 

H2PtCl6 with methanol [35]. Considering the agglomeration tendency of graphene, Gong et al. 

used chitosan to form a stable dispersion of graphene in water. After casting and drying this 

dispersion on glassy carbon electrode, a cyclic voltammetry scan of the electrode is done in 

KAuCl4 solution to form an Au-graphene composite film on the electrode to be used as a 

sensor. 

2.3.3 Mechanical Mixing of Graphene with Metals 

Only one report is available on the mechanical mixing of silicon and graphene using mortar 

[35]. Unlike metal oxide-graphene composites, silicon-graphene was not followed by any 

consolidation technique. This composite is just a physical mixture without any chemical 

reaction. Silicon nanoparticles were found inside the pores of graphene sheets for reversible 

Li-ion storage in batteries. 

2.3.4 Electrodeposition 

Electrodeposition of metallic nanoparticles is performed on graphene film-casted electrodes to 

fabricate the metal-graphene composite film. Available in this category report is synthesis of a 

gold-graphene composite [30]. Graphene produced by different methods was dispersed in 

aqueous solvent and casted on a glassy carbon electrode. Au nanoparticles were deposited 

from a HAuCl4-containing bath to fabricate the Au-graphene composite film. These 

composite films are mostly used as biosensors.  

2.3.5 Other Method of Synthesis Metal/Graphene Nano-Composite 

Zhigang Wang et al. [37] reported, a facile one-step microwave-assisted method for 

deposition of monodisperse Ni nanospheres on reduced graphene oxide (rGO) sheets to form 

Ni-rGO nanohybrids is synthesis. In the presence of hydrazine monohydrate, Ni nanospheres 
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are grown onto rGO sheets using nickel precursor and GO as starting materials in ethylene 

glycol solution under a low level of microwave irradiation (300 W) for 20 min,  during which 

GO is also reduced to rGO. The resulting Ni-rGO nanohybrids-modified glassy carbon 

electrode (GCE) shows significantly improved electrochemical performance in nonenzymatic 

amperometric glucose detection (Fig. 2.10).  

 

Fig. 2.10: Schematic illustration of the formation of Ni-rGO nanohybrids via a facile one-step 

solvothermal route at low temperature. 

Erkang Wang et al. [38] reported, first time a wet-chemical approach for the synthesis of 

high-quality three-dimensional (3D) Pt-on-Pd bimetallic nanodendrites supported on graphene 

nanosheets (TP-BNGN), which represents a new type of graphene/metal heterostructure. 

 

Fig. 2.11: Procedure to design graphene nanosheet/P-on-Pd bimetallic nanodendrite hybrids. 

It is found that small single-crystal Pt nanobranches supported on Pd NCs with porous 

structure and good dispersion were directly grown onto the surface of graphene nanosheets, 

which exhibits high electrochemical active area. Most importantly, graphene/bimetallic 

nanodendrite hybrids exhibited much higher electrocatalytic activity toward methanol 
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oxidation reaction than the platinum black (PB) and commercial E-TEK Pt/C catalysts (Fig. 

2.11). 

2.4 Adsorption Phenomena: Surface Process 

Adsorption is a process that occurs when a gas or liquid solute accumulates on the surface of a 

solid or a liquid (adsorbent), forming a molecular or atomic film (the adsorbate). Adsorption 

is a surface phenomenon. Formally adsorption may be defined as a process in which the 

concentration of a chemical species is greater in the surface than in the bulk resulting from 

inelastic collision suffered by molecules on the surface. In industial, activated charcoal, 

synthetic resins are used as adsorbent for water purification. The species that is adsorbed is 

called adsorbate and the material of the surface on which adsorption takes place is called 

adsorbent. Adsorption strictly refers to accumulation of adsorbate on the surface only due to 

residual field of force. It is different from absorption, in which a substance diffuses into a 

liquid or solid to form a solution. The term sorption encompasses both processes, while 

desorption is the reverse process [44]. Various physical, chemical and biological treatment 

techniques can be employed to adsorp color from dye containing wastewaters [42, 43]. 

2.4.1 Properties of Adsorbent: Organic Ionic Dyes 

A dye can generally be described as organic colorant that has an affinity to the substrate 

which it is being applied and consists of a color producing structure. Dyes can be firmly fixed 

to the fabrics and other supporting materials used in textile, food and other industries for 

imparting different shades of colors [40]. Methylene blue (MB), orange green (OG) and 

procion red (PR) are the typical organic ionic dyes [41]. MB is cationic in nature while OG 

and PR is an anionic one. Molecular weight of MB and OG are 355.89 and 452.38. 

Absorption maxima (max) of MB and OG are 664 nm and 477 nm respectively. There 

chemical structures are shown in Fig. 2.12. Methylene blue is a heterocyclic aromatic 

chemical compound with the molecular formula C16H18N3SCl and its IUPAC name is 3,7-bis 

(Dimethylamino)-phenothiazin-5-ium chloride.  It has many uses in a range of different fields, 

such as biology and chemistry. At room temperature it appears as a solid, odorless, dark green 

powder that yields a blue solution when dissolved in water. Methylene blue is widely used as 

a redox indicator in analytical chemistry. Solutions of this substance are blue when in an 

oxidizing environment, but will turn colorless if exposed to a reducing agent.  It can also be 

used as an indicator to determine if eukaryotic cells such as yeast are alive or not. The 

methylene blue is unable to penetrate viable cells leaving them unstained.  In the human body, 

methylene blue is highly stable; if ingested, it resists the stomach’s acidic environment as well 

as the hydrolytic enzymes present. Methylene blue has some other adverse effect in human 

body. 
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                                            (a)                                                     (b) 

Fig. 2.12: Chemical structure of (a) MB and (b) OG. 

2.4.2 Types of Adsorption 

Adsorption is a consequence of surface energy. In a bulk material, all the bonding 

requirements (be they ionic, covalent or metallic) of the constituent atoms of the material are 

filled. But atoms on the (clean) surface experience a bond deficiency, because they are no 

wholly surrounded by other atoms. The adsorbed material is generally classified as exhibiting 

two categories [53].  

(a) Physisorption: Physisorption occurs when non-balanced physical forces appear at the 

boundary of the phases and adsorbed species is attached to the surface by weekly van der 

Waals force. Physisorption is characterized by, 

(i)   Low heat of adsorption (10-40 kJ/mol). 

(ii)  Non specific. 

(iii) Mono or multi-layer. 

(iv) Rapid, non activated and reversible. 

(v)  Significant at low temperature. 

(vi) No electron transfer. 

(b) Chemisorption: Adsorption, which results from chemical bond formation (strong 

interaction) between the adsorbent and the adsorbate in a monolayer on the surface, is called 

chemisorption. 

Chemisorption is characterized by, 

(i)   More heat of adsorption (80-400 kJ/mol, sometimes endothermic). 
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(ii)  Very specific for active site of heterogeneous catalyst. 

(iii) Mono-layer only. 

(iv) Effective over a wide range of temperature. 

(v)  Slow, activated and irreversible. 

(vi) Electron transfer between adsorbate and surface. 

2.4.3 Adsorption Isotherms  

Adsorption is usually described through isotherms. Many different types of isotherms have 

been observed in the literature [54]. These isotherms can have very different shapes 

depending on the type of adsorbent, the type of adsorbate, and intermolecular interactions 

between the solute and the surface. The variation of surface coverage (Ө) with equilibrium 

pressure (or concentration in the case of solution) at a given temperature is called adsorption 

isotherm. According to IUPAC classification [54], there are six different types of adsorption 

isotherm as shown in the Fig. 2.13. 

 

Fig. 2.13: IUPAC Classification of adsorption isotherms. 

a) Type 1: This shape of the isotherm is characterized by the asymptotic approach of 

monolayer of adsorbate on the surface. 

b) Type 2: This is the most common type of isotherm corresponding to multi-layer 

formation on a surface of high adsorption potential. 
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c) Type 3: This pattern of isotherm is comparatively uncommon, corresponding to multi-

layer formation on the solid. 

d) Type 4 & 5: These are analogous to type 2 & 3 on porous adsorbents where the 

adsorption is limited by the volume of mesopores, causing the adsorption to level off 

at a pressure less than saturation pressure of adsorbate (P0). They reflect capillary 

condensation and may show hysteresis effect. 

IUPAC classification considers adsorption at sub critical temperature, but adsorption at near 

critical and super critical temperature was not considered. Hence this classification is 

incomplete [54]. Considering the adsorption at near or super critical temperature a new 

classification is proposed as shown in the Fig. 2.14.  

 

Fig. 2.14: A new classification for adsorption isotherms. 

2.4.4 Model of adsorption Isotherms 

Several theoretical models were proposed in order to explain the experimental adsorption 

isotherms [54]. 

(a) Langmuir isotherm. 

(b) Freundlich isotherm. 
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(c) BET isotherm. 

(d) Temkin isotherms etc. 

(a) Langmuir Isotherm: 

Characteristics feature of Langmuir isotherm equation:                                                                                                                

1. Adsorption is limited to monolayer formation. 

2. In the case of physisorption, this equation satisfactorily explains adsorption behavior 

only at low surface coverage and at low adsorbate pressure. 

3. In the case of chemisorption which is associated with monolayer coverage Langmuir 

equation is quite consistent. 

Langmuir derived the following equation (a) to explain the experimental adsorption isotherm, 

Ө = aCe/(1+aCe)    ……………………………………………………… (2.2) 

 

The fraction of the surface of the surface covered by the adsobate can be expressed as, 

Ө = q/qm      ….. …………………………………………….. ……………(2.3) 
 

From eqn. (2.2) and (2.3)  

q/qm = aCe/(1+aCe)    ……………………………………………………  (2.4) 
 

Where, x/m = q = the amount of adsorbate adsorbed at eqm. Conctration, (Ce) in mol g-1  

            K = qm = monolayer capacity in mol g-1  

            a = K = adsorption constant (eqm. constant for adsorption process) in L mol-1   

 

From eqn. (2.4), we have, 

Ce/(x/m) = Ce/K + 1/KK  ………………………………………………..  (2.5) 

            

From plot of Ce/(x/m) vs Ce, 

Slope   = 1/K 
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K  = 1/slope = monolayer capacity, and intercept = 1/KK 

              K   = 1/(intercept * K) = equilibrium constant = a 

 

 

 

  

   

 

Fig. 2.15: Langmuir plot of X/m vs. concentration (Ce). 

 

 

 

 

 

 

Fig. 2.16: Langmuir-Hinshelwood plot of Ce/(X/m) vs. Ce. 

(b) Freundlich Adsorption Isotherm: The variation of adsorption with concentration of the 

substance in solution is usually represented by Freundlich isotherm as follows [54]: 
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(c) BET Adsorption Isotherm: The theory of Brunauer, Emmett and Teller (BET) is an 

extension of the Langmuir treatment to allow for multilayer adsorption on non-porous solid 

surface [54]. The BET equation is usually written as: 

                    
oo P

P
CmX

C
CmXPPX

P
.

11
)(





  …………….……………………..  (2.8) 

Where, oP = saturation vapor pressure, mX = the monolayer capacity and  

C = exp [(HL - H1) / RT]. 

2.4.5 Factors Affecting Adsorption 

i) Temperature: The level of adsorption at any particular concentration decreases with the 

increase in temperature; that is the overall process is exothermic. At higher temperature 

the adsorbed molecules have greater vibrational energies and therefore, more likely to 

desorb from the surface.  

ii) Nature of the Solvent: The solvent has an important effect, since it competes with the 

surface of the adsorbent in attracting the solute. There are three different ways to describe 

the influence of solvent on adsorption behavior of the solvent (a) its interaction with the 

solute in solution, (b) its interaction with the adsorbed layer, and (c) its interaction with 

the solute in the adsorbed layer. However, when the solvent is water, it is worthless to 

consider the solvent effect. 

iii) Particle and Pore Size: The adsorption efficiency increases as mean diameter of the 

particle decreases. Large surface area is available for adsorption with the small particles. 

Another reason is the reduced diffusive path length of the interior of small adsorbent 

particles and the adsorbate particles require less energy of jump from one active site to 

another, resulting in higher uptake by the adsorbent. 

iv) pH of the Solution: The effect of pH is extremely important when the adsorbing species 

is capable of ionizing in response to prevailing pH. It is well known that substances 

adsorb poorly when they are ionized. When the pH is such that adsorb able compound 

exists in ionic form, adjacent molecules of the adsorbed species on the adsorbent surface 

will repel each other to a significant degree, because they carry the same electrical 

charges. Thus the adsorbing species cannot be packed together very densely on the 

surface. This is the common observation that non-ionized forms of acidic and basic 

compounds adsorb much better than their ionized counterparts. The acidic species thus 

adsorb better at low pH and basic species adsorb better at high pH.     
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2.4.6 Literature Survey of Adsorption Studies  

Due to its large surface area, graphene is believed to be a good adsorbent for many pollutants 

[46]. For example, Li et al. [45] obtained monolayer or few-layered graphene nanosheets by 

ultrasonication and centrifugation of a 1-methyl-2-pyrrolidinone (NMP) suspension, and 

further removed NMP for the adsorption of fluoride from aqueous solutions, resulting an 

adsorption capacity of up to 35 mg g-1.  

To improve the dispersion of graphene in the aqueous solutions, many researches were carried 

out using the modified graphene as adsorbents for pollutant remidation, among which, 

graphene oxide nanosheets are commonly used as adsorbents for heavy metal ions owing to 

the abundant functional groups such as hydroxyl, epoxide, carboxyl and carbonyl on the 

surfaces, which are expected to form strong surface complexes with toxic metal ions. 

According to the reports from Wang’s group, the synthesized few-layered graphene oxide 

showed high adsorption ability toward many heavy metal ions such as Pb (II) [55], Cd (II) 

[56] and Co (II) [56]. In their reports, the maximum adsorption capabilities were 842 mg g-1 

for Pb (II), 106.3 mg g-1 for Cd (II), 68.2 mg g-1 for Co (II) and 97.5 mg g-1 for U(VI), which 

are all much higher than that of other adsorbents.  

Zhao et al. [47] used sulfonated graphene for the removal of naphthalene and 1-naphthol from 

aqueous solutions, and obtained maximum adsorption capacities of 2.33 mmol g-1 for 

naphthalene and 2.41 mmol g-1 for 1-naphthol, which are much higher than for other reported 

materials. For the full utilization of graphene building blocks in environment remediation, 

some functional nanoparticles are combined with graphene in composites to give some 

additional properties to graphene.  

Wang et al. [48] applied graphene/Fe3O4 composites for the adsorption of organic dyes from 

aqueous solutions, with the adsorption capacity for fuchsine as high as 89 mg g-1, and He et 

al. [49] obtained an adsorption capacity of 190 mg g-1 for MB and 140 mg g-1 for neutral red 

cationic dyes using as-prepared magnetic graphene hybrids. Very similar to He et al., Xie et 

al. [50] reported the adsorption capacities of superparamagnetic graphene oxide-Fe3O4 

composites for methylene blue and neutral red were 167.2 and 171.3 mg g-1, respectively.  

The magnetic graphene hybrids were also used to adsorb As (III) and As (V), resulting in 

arsenic adsorption to as low as 1 ppb in aqueous solutions. These hybrids also showed an 

endothermic and spontaneous adsorption process toward Co (II) from aqueous solutions, with 

the maximum adsorption capacity up to 12.98 mg g-1 at room temperature according Liu et al. 

[51]. The growth of noble metal nanoparticles such as Au, Pt and Pd on graphene showed 

enhanced electronic properties due to the spatial confinement and synergetic electric 

interactions between the metal and graphene. These kinds of composites are mainly applied as 
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catalysts in organic synthesis and transformation and less so for water purification. Sreeprasad 

et al. [52] reported the use of graphene-Au composites supported on river sand for the 

excellent uptake of Hg (II) from aqueous solutions. 

The excellent adsorption capabilities of graphene-based nanomaterials toward pollutants are 

due to: (i) the inherent high specific surface area of graphene; (ii) the decreased restacking 

and agglomeration of graphene layers; and (iii) the strong interaction between the adsorbates 

and the surface of the modified or functionalized graphene nanosheets. It should be noted that 

the interaction mechanism of organic pollutants with graphene-based materials is different to 

that of inorganic pollutants with graphene-based materials. Thereby, in the application of 

graphene-based materials in the adsorption of organic or inorganic pollutants from aqueous 

solutions, different types of graphene-based materials should be selected, and this will lead to 

much future research. 
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Characterization Techniques 

3.1 X-ray Diffraction  

The German Physicist Wilhelm Roentgen discovered X-rays in 1885. X-rays are 

electromagnetic radiation of short wavelengths in the range of 10-2 to 102 Å. Unlike 

ordinary light, these rays are invisible, but they travel in straight lines and affect 

photographic film in the same way as light [1]. On the other hand, they were much 

more penetrating than light and could easily pass through the human body, wood, 

quite thick pieces of metal and other “opaque” objects. 

3.1.1 X-ray Diffractometer 

Thin sheets of the samples were prepared from the alloy ingot by rolling the ingot. 

Sharp strip like samples were cut from the thin sheet for Debye-Scherrer experiment. 

After heat treatment of the samples separately to remove strain the lattice parameter 

of the quenched specimen in the disordered state were measured by Debye-Scherrer 

method using Cu radiation. In the present case, a special technique was used to 

determine the lattice parameter using Debye-Scherrer method. Fig. 3.1, shows the 

block diagram of Phillips PW3040 X’ Pert PRO X-ray diffractometer. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3.1: Block diagram of the PHILIPS PW 3040 X’Pert PRO XRD system. 
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The shape of the sample was used as the same of Debye-Scherrer method sample. But 

in the conventional Debye-Scherrer experiment, sharp strip sample rotates and X-ray 

tube and camera remain fixed. In the present case, sample was kept fixed and X-ray 

tube and detector were moved to the θ and 2θ ranges respectively. Instead of the film, 

digital data was recovered for the whole 2θ range [2]. After the pattern is obtained the 

value of 2θ is calculated for each diffraction line; set of 2θ values is the raw data for 

the determination of the lattice parameters of the unit cell (Fig. 3.3) 

A PHILIPS PW 3040 X’ Pert PRO X-ray diffractometer was used for the lattice 

parameter determination in the Materials Science Division, Atomic Energy Center, 

Dhaka. Fig. 3.2 shows the inside view of the X’ Pert PRO XRD system. 

 

 

 

 

 

 

 

 

Fig. 3.2: A PHILIPS PW3040 X’ Pert PRO X-ray diffractometer. 

The X’ Pert PRO XRD system contains the following parts: 

(i) “Cu-Tube” with maximum, input power of 60 kV and 55 mA  

(ii) “Ni-Filter” to remove the CuKα component. 

(iii) “Programmable Divergent Slit” (PDS) to reduce divergence of beam and control 

irradiated beam area. 

(iv) “Mask” to get desired beam area. 

(v) “Sample holder” for powder sample. 

(vi) “Anti Scatter Slit” (ASS) to reduce air scattering background. 

(vii) “Programmable Receiving slit “(PRS) to control the diffracted beam intensity.  

(viii) “Soller Slit” to stop scattered beam and pass parallel diffracted beam. 
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X-ray diffractometer was used to study the crystalline phases of the prepared samples. 

The powder diffraction technique was used with a primary beam power of 40 kV and 

30 mA for Cu radiation. A nickel filter was used to reduce Cu-Kβ radiation and finally 

Cu-Kα radiation was only used as the primary beam. A 2θ scan was taken from 10° to 

70° to get possible fundamental peaks with the sampling pitch of 0.02° and time for 

each step data collection was 1.0 sec. After that data of the samples were analyzed by 

computer software. A schematic diagram of X-ray is shown in Fig. 3.3. 

 
Fig. 3.3: Schematic diagram of X-ray. 

The aim of the present study was to determine the grain size of metal graphene 

composites. The grain sizes of the prepared samples were determined from the 

strongest peak of each XRD patterns using Scherrer’s formula [1, 2, 13]. 

�� =
0.9�

�����
 

………………………………………...   3.1 

Where Dg is the average grain size, λ is the wavelength of the radiation used as the 

primary beam of Cu-Kα (λ = 1.54178 Å), θ is the angle of incident in degree and β is 

the full width at half maximum (FWHM) of the strongest reflection in radian which 

was determined experimentally after correction of instrumental broadening. The peaks 

in an X-ray diffraction pattern are directly related to the atomic distance. Let us 

consider an incident X-ray beam interacting with the atoms arranged in a periodic 

manner as shown in Fig. 3.4. The atoms represented as block spheres in the figure, 

can be viewed as forming different sets if planes in the crystal [11]. 

For a given set of lattice plane with an inter planner distance of d, the condition for a 

diffraction to occur can simply written as 

2�������� = �� ……………………………………    3.2 
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This is known as Bragg’s law. Where, λ is the wavelength of the X-ray, θ is the 

scattering angle and n is an integer representing the order of the diffraction [12]. 

 

Fig. 3.4: Bragg’s diffraction pattern. 

3.2 Fourier Transform Infrared Spectroscopy (FTIR)  

Fourier Transform Infrared spectroscopy (FTIR) is a technique based on the 

vibrations of the atoms within a molecule. The commonly used region for FTIR is 

4000 ~ 400 cm-1 because the absorption radiation of most functional groups and 

bonds in organic and inorganic materials is within this region. Only the molecules 

which have a dipole moment that changes as a function of time are able to interact 

with IR radiation and thus called IR active. The atoms of covalent bond in molecules 

vibrate at different modes of vibration. The simplest modes of vibrations which are IR 

active include stretching (symmetric and asymmetric) and bending (scissoring, 

rocking, wagging, twisting etc.). An infrared (IR) spectrum is obtained by passing IR 

radiation through a sample and determining what fraction of the incident radiation is 

absorbed at a particular energy. The energy at which any peak in an absorption 

spectrum appears corresponds to the frequency of a vibration of a part of a sample 

molecule [5, 7]. Moreover, chemical bonds in different environments will absorb 

varying intensities and at varying frequencies. Thus IR spectroscopy involves 

collecting absorption information and analyzing it in the form of a spectrum-the 

frequencies at which there are absorptions of IR radiation (‘peaks’ or ‘signals’) can be 

correlated directly to bonds within the compound in question. Each inter-atomic bond 

may vibrate in several different motions (stretching or bending), individual bonds may 

absorb at more than one IR frequency. Stretching absorptions usually produce 

stronger peaks than bending; however the weaker bending absorptions can be useful 

in differentiating similar types of bonds (e.g., aromatic substitution). 

The basic components of an FTIR spectrometer are shown schematically in Fig. 3.5. 
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The radiation emerging from the source is passed to the sample through an 

interferometer before reaching a detector. Upon amplification of the signal, in which 

high-frequency contributions have been eliminated by a filter, the data are converted 

to a digital form by an analogue-to-digital converter and then transferred to the 

computer for fourier transformation to be carried out [5]. 

 

Fig. 3.5: Schematic illustration of an FTIR system. 

One of the great advantages of infrared spectroscopy is that virtually any sample in 

nearly any state can be studied. Liquids, solutions, pastes, powders, films, fibers,  

gases  and  surfaces  can  all  be  examined  by  a judicious  choice  of  sampling 

technique. An FTIR spectroscopy in the Department of Chemistry, BUET, Dhaka, 

was carried out to study the potential existence of GO, rGO and metals/rGO 

nancomposites. The image of the instrument is shown in Fig. 3.6. 

 

Fig. 3.6: FTIR-8400, Shimadzu, Japan; used in the present study. 



                                        
 

 

The FTIR sample handling is to grind finely a quantity of the 

purified salt (usually potassium bromide) to remove scattering effects from large 

crystals. This powder mixture is then crushed in a mechanical die press to form a 

translucent pellet through which the beam of the spectrometer can pa

3.3 UV-Visible Absorption Spectroscopy

UV-Visible spectroscopy 

ranges. At these wavelengths, molecules undergo electronic transitions [6]. In this 

technique, the light passes through the samp

absorbed by the sample. Thus, the sample has to be thin enough such that some of the 

light is transmitted. Another factor is that the sample must be placed onto a supporting 

substrate, for example, quartz, that i

When visible or ultraviolet light is absorbed by the valence electrons of the material, 

these electrons are promoted from their ground states to higher energy excited states 

(Fig. 3.7). There are three types 

1. Transitions involving

2. Transitions involving charge

3. Transitions involving
 

Among these processes the first one is more simple and easy to explain. Molecules 

containing π or non-bonding electrons can absorb UV

various electronic excitations e.g. 

gap energy, different excitation requires different amount of energy leading to UV

Visible light absorption at different wavelength. Thus different compounds with 

difference in their electronic structure rise to absorption of UV

characteristic wavelength 

transitions have fixed values. 

Fig. 3.7: Illustration of the electronic transitions process during light absorption
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The FTIR sample handling is to grind finely a quantity of the sample with a specially 

purified salt (usually potassium bromide) to remove scattering effects from large 

crystals. This powder mixture is then crushed in a mechanical die press to form a 

translucent pellet through which the beam of the spectrometer can pass. 

Absorption Spectroscopy 

Visible spectroscopy uses light in the visible and adjacent near ultraviolet (UV) 

ranges. At these wavelengths, molecules undergo electronic transitions [6]. In this 

technique, the light passes through the sample to be analyzed, and some of the light is 

absorbed by the sample. Thus, the sample has to be thin enough such that some of the 

light is transmitted. Another factor is that the sample must be placed onto a supporting 

substrate, for example, quartz, that is transparent at the wavelengths of light used.

When visible or ultraviolet light is absorbed by the valence electrons of the material, 

these electrons are promoted from their ground states to higher energy excited states 

There are three types of electronic transition which can be considered

Transitions involving σ, π, and n electrons 

Transitions involving charge-transfer electrons 

Transitions involving d and f electrons 

Among these processes the first one is more simple and easy to explain. Molecules 

bonding electrons can absorb UV-Visible light to result into 

various electronic excitations e.g. σ-σ*, π-π*, n-σ*, n-π* etc. With difference in band 

nergy, different excitation requires different amount of energy leading to UV

Visible light absorption at different wavelength. Thus different compounds with 

difference in their electronic structure rise to absorption of UV-Vis

wavelength [15]. The energies of the orbital’s involved in electronic 

transitions have fixed values.  

: Illustration of the electronic transitions process during light absorption
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The difference between the initial and final intensities is recorded. When plotted into 

a spectrum as wavelength against absorbance, the absorbance is defined by using the 

Beer-Lambert law [15]. 
 

� = log
��
�
= ��� 

………………………………………... 3.3 

Where, A is absorbance, I0 = intensity of light incident upon sample cell, I = intensity 

of light leaving sample cell, ε is molar absorbance, c is concentration and l is length of 

sample cell (1cm). Most spectrometers display absorbance on the vertical axis, and the 

commonly observed range is from 0 (100% transmittance) to 2 (1% transmittance) [6, 

15]. The wavelength of maximum absorbance is a characteristic value, designated as 

λmax. 
 

 

Fig. 3.8: UV-1800, Shimadzu, Japan; used in the present study. 

In this study, A UV-Visible spectrophotometer (Shimadzu-1800) was used in the 

Department of Chemistry, BUET, Dhaka, to monitor the changes in absorbance of the 

dye solution a small amount of dye solution suspended with nanomaterials was pipette 

into a quartz cell. Then the absorbance was recorded before and after the suspension 

of nanomaterial into the dye solution at different interval of time. 

3.4. Field Emission Scanning Electron Microscopy (FESEM) 

Electron microscopes were developed in the 1930s to overcome the limitations of 

optical microscopy and provide increased magnification and resolution, far superior to 

optical systems. The first commercialized SEM was built by Cambridge Instruments 

[3]. 

SEM is a powerful tool for examining and interpreting microstructures of materials, 

and is widely used in the field of material science. The principle of SEM is based on 
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the interaction of an incident electron beam and the solid specimen [4]. Electron 

bombardment can produce a wide variety of emissions from the specimen, including 

secondary electrons, backscattered electrons, Auger electrons, X-rays, visible photons 

and so on [13].  

1) Secondary Electrons: If an incident electron collides with an electron in a sample 

atom, it will knock the electron out of its orbital shell and the atom will become 

ionized. Because the incident electron loses little energy during each collision, 

multiple collisions are possible, continuing until the incident electron no longer has 

the energy to dislodge secondary electrons. Each freed secondary electron has a very 

small kinetic energy (< 50 eV), which is independent of the incident electron energy. 

If generated close enough to the sample surface (< 10 nm), these secondary electrons 

can escape to be collected by the detector. As a direct result, secondary electron 

imaging is closely related to sample topography.  

2) Backscattered Electrons: If an incident electron collides with the nucleus of 

surface atom, the electron will bounce or scatter ‘backward’ out of the sample as a 

backscattered electron (BSE). These electrons have high energies, typically between 

50 eV and that of the original incident electron. The production of back scattered 

electrons varies directly with atomic number, and thus backscattered electron images 

can be used to discern differences in sample atomic number. 

3) Auger Electrons: As a result of secondary electron generation, a vacancy is left in 

an ionized atom’s electron shell. To fill this vacancy, an electron from a higher energy 

outer shell (from the same atom) can drop down to fill the vacancy. This creates an 

energy surplus in the atom that can be corrected by emitting an outer electron, an 

Auger electron. Auger electrons have a characteristic energy unique to the element 

from which they are emitted and can be used to give compositional information about 

the target sample. Auger electrons have a relatively low kinetic energy and are only 

emitted from shallow sample depths (< 3 nm). 

4) Characteristic X-rays: X-rays are also produced by interactions of the incident 

electron beam with a sample surface. Similar to the Auger electron generating 

process, the excess energy produced by reshuffling electrons to fill shell vacancies 

can also be emitted in the form of an X-ray rather than an Auger electron. X-rays have 

a characteristic energy unique to the element from which they originate and so 

provide compositional information about a sample. 

Secondary electron imaging and X-ray analysis were the primary functions used for 

SEM sample characterization in this study. 
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A SEM consists of three distinct parts: an electron column; a detection system; and a 

viewing system. Fig. 3.9 shows a schematic of a simple scanning electron microscope. 

Two electron beams are controlled simultaneously by the same scan generator: one is 

the incident electron beam; the other is for the cathode ray tube (CRT) screen. The 

incident beam is scanned across the sample, line by line, and the signal from the 

resulting secondary electrons is collected, detected, amplified and used to control the 

intensity of the second electron beam. Thus a map of intensity of secondary electron 

emission from the scanned area of the sample will be shown on the CRT screen as 

variations in brightness, reflecting the surface morphologies of the specimen. Given 

this mechanism, the magnification of the SEM image can be adjusted simply by 

changing the dimensions of the area scanned on the sample surface [16]. 

The spatial resolution of the SEM is strongly dependent on diameter (spot size) of the 

electron probe beam at the specimen surface. In a SEM system, the diameter of the 

incident electron beam is demagnified using two or more electron lenses before it 

reaches the sample surface. At the same time, the effective diameter of the electron 

source is a key factor in determining the resolution of the SEM. There are two basic 

types of electron guns in current use: thermionic electron gun and field emission 

electron gun. The diameters of the electron beam originating from these gun types are 

about 20-50 µm and 10 nm, respectively [16]. Thus, field emission SEM is the 

electron source of choice for high-resolution SEM images. 

 

 

 

 

 

 

 

Fig. 3.9: Schematic diagram of a scanning electron microscope. 

The SEM systems employed in this work is field emission scanning electron 

microscopy. Fig. 3.10 shows a photo of the JSM-7600F (FE-SEM, Tokyo, Japan) 

system using in the Department of Glass and Ceramic Engineering, Bangladesh 

University of Engineering and Technology (BUET), Dhaka.  
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Fig. 3.10:  SEM JSM-7600F; used in the present study. 

3.5 Energy Dispersive X-ray Spectroscopy (EDX) 

Energy dispersive X-ray spectroscopy is an analytical tool predominantly used for 

chemical characterization. Being a type of spectroscopy, it relies on the investigation 

of a sample through interactions between light and matter, analyzing X-rays in this 

particular case. High energy electron beams (in an SEM or TEM) strike the material 

to be analyzed, and X-rays are emitted. These X-rays can be detected by a Si, Li 

detector, calibrated with respect to cobalt metal emission (6.925 keV), and then used 

to identify and analyze the elemental composition of the specimen surface. Its 

characterization capabilities are due in large part to the fundamental principle that 

each element of the periodic table has a unique electronic structure and thus, a unique 

response to electromagnetic waves [4]. 

Essentially, an X-ray photon hits a diode in the detector producing a charge that is 

converted into a positive voltage pulse via a field effect transistor (FET). The pulse is 

subsequently converted by an analogue to digital converter, into a numerical value 

relative to the X-ray’s incoming energy. The signal is then assigned to a particular 

energy channel and registered as a single count. Counts are compiled to produce an 

energy dispersive spectrum. The various emission lines associated with X-rays 

emitted from an atom are named after the shell of the initial vacancy, i.e. K, L, M, etc. 

A Greek letter subscript is used to indicate the shell of the electron that fills the gap. 

For example, Kα radiation refers to radiation resulting from a vacancy in the K shell 

being filled by an electron from the next highest shell. Kβ denotes a K-shell vacancy 

filled by an electron from two shells above [1]. There are some basic rules that apply 

for the order and energy of the X-rays: 
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1) For a given element, the lower line series has a higher energy, i.e. the energies 

of the K lines are greater than those of the L lines.  

2) Within a line series, the higher atomic number elements emit higher energy X-

rays. i.e., the oxygen K lines are higher in energy than carbon K lines.  

3) The lower line series have simpler structures than the high line series, i.e. the K 

lines are simple, whilst the L and M lines get more complex and overlapping 

starts to occur.  

EDX spectra can be acquired over short time-periods and be displayed almost 

simultaneously, providing a near instant visual representation of the chemical 

analysis. Qualitative analysis determines what elements are present in a sample by 

identification of the peaks in the spectrum, whilst quantitative analysis is used to 

derive the relative abundance of the elements from their corresponding peak 

intensities, either compared to other elements present in the spectrum or to standards 

[9]. 

For EDX, as a general rule of thumb, elements of Z >11 can be analyzed if they are in 

a concentration of greater than 5 weight % with an accuracy of around ± 3 % if there 

are no significant peak overlaps. The analyst needs to think carefully about the sample 

(i.e. topography, porosity, etc), the lateral and depth resolution of the X-ray emission 

in relation to the sample microstructure, and the quoted accuracy of any computer 

generated results, before regarding EDX as a completely reliable black-box technique 

[10]. 

In this study, EDX analysis was used mainly to determine the bulk composition of the 

sample materials. In an SEM, a fixed accelerating voltage of 20 kV was used in order 

to obtain high signal intensity. 

3.6 Thermogravimetric Analysis (TGA) 

Thermogravimetric analysis (TGA) is a technique in which the mass of the sample is 

measured against time or temperature while the temperature is changed under a 

certain atmosphere. This method is used for the determination of sample purity, water 

content, carbonate or organic content present in it and also for studying 

decomposition reactions. The graph of the resultant change in mass with respect to 

temperature is called a thermogravimetric curve [8]. An arbitrary TGA thermogram is 

displayed in Fig. 3.11 showing the change in sample mass with the increase in 

temperature. In the figure each slope corresponds to a weight loss produced by the 

evaporation of one or more compounds of the analyzed mixture. 
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Fig. 3.11: Weight loss as a function of temperature. 

 

Fig. 3.12: TGA analyzer (TA instrument, SDT Q-600); used in the present study. 

In fact the kinetics i.e. the rate at which the property changes with temperature can 

also be measured. The instrument or the detector for TGA is a balance, called a 

thermobalance or thermogravimetric analyzer. The TGA apparatus detects small mass 

changes of a specimen, kept in thermobalance, which caused with change in 

temperature of the furnace. The flow of temperature in furnace is under a controlled 

temperature program. Any change in sample weight can be detected by 

thermobalance. Sensitivities of the order of 0.1 μg or less are determined. It can be 
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carried out in both inert or air atmosphere. Continuously, mass change with time and 

temperature is recorded. Some of the major factors affecting TGA measurements 

include sample size, heating rate, buoyancy, electrostatic effects, gas flow and sample 

holder [14]. By analyzing the TGA curve, relative mass change with respect to the 

initial quantity (%) is obtained. In the present study TGA instrument was used in the 

Department of Chemistry, University of Dhaka, Dhaka, which had a temperature 

scanning range from room temperature to ~900 °C. 

3.7 BET Surface Area Measurement 

BET theory, aims to explain the physical adsorption of gas molecules on a solid 

surface and serves as the basis for an important analysis technique for the 

measurement of the specific surface area of a material. In 1938, Stephen Brunauer, 

Paul Hugh Emmett, and Edward Teller published an article about the BET theory in a 

journal [17] for the first time; “BET” consists of the first initials of their family 

names. 

The concept of the theory is an extension of the Langmuir theory, which is a theory 

for monolayer molecular adsorption, to multilayer adsorption with the following 

hypotheses: (a) gas molecules physically adsorb on a solid in layers infinitely; (b) 

there is no interaction between each adsorption layer; and (c) the Langmuir theory can 

be applied to each layer. The resulting BET equation is expressed by (3.4) 
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P and P0 are the equilibrium and the saturation pressure of adsorbates at the 

temperature of adsorption, v is the adsorbed gas quantity (for example, in volume 

units), and vm is the monolayer adsorbed gas quantity. c is the BET constant, which is 

expressed by  

� = exp(
�� − ��
��
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E1 is the heat of adsorption for the first layer, and EL is that for the second and higher 

layers and is equal to the heat of liquefaction. 

Equation (3.4) is an adsorption isotherm and can be plotted as a straight line with 

1/v[(P0/P) −1] on the y-axis and φ = P/P0 on the x-axis according to experimental 

results. This plot is called a BET plot. The linear relationship of this equation is 

maintained only in the range of 0.05 < P / P0 < 0.35.  
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The value of the slope A and the y intercept I of the line are used to calculate the 

monolayer adsorbed gas quantity vm and the BET constant c. The following equations 

can be used: 

�� =
1

� + �
 

……………………………………………        3.6 
 
 

� = 1 +
�

�
 

…………………………………………….      3.7 

 

The BET method is widely used in surface science for the calculation of surface areas 

of solids by physical adsorption of gas molecules. A total surface area Stotal and a 

specific surface area Sare evaluated by the following equations: 
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where vm is in units of volume which are also the units of the molar volume of the 

adsorbent gas 
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N: Avogadro's number, s: adsorption cross section of the adsorbing species, V: molar 

volume of adsorbent gas, a: mass of adsorbent (in g) 

Before the specific surface area of the sample can be determined, it is necessary to 

remove gases and vapors that may have become physically adsorbed onto the surface 

after manufacture and during treatment, handling, and storage. If outgassing is not 

achieved, the specific surface area may be reduced or may be variable because an 

intermediate area of the surface is covered with molecules of the previously adsorbed 

gases or vapors. The out gassing conditions are critical for obtaining the required 

precision and accuracy of specific surface area measurements on pharmaceuticals 

because of the sensitivity of the surface of the materials. The outgassing conditions 

must be demonstrated to yield reproducible BET plots, a constant weight of test 

powder, and no detectable physical or chemical changes in the test powder. The out 

gassing conditions defined by the temperature, pressure, and time are chosen so that 

the original surface of the solid is reproduced as closely as possible. Out gassing of 

many substances is often achieved by applying a vacuum by purging the sample in a 

flowing stream of a nonreactive, dry gas or by applying a desorption-adsorption 

cycling method. In either case, elevated temperatures are sometimes applied to 

increase the rate at which the contaminants leave the surface. Caution should be 

exercised when out gassing powder samples using elevated temperatures to avoid 

affecting the nature of the surface and the integrity of the sample. If heating is 

employed, the recommended temperature and time of out gassing are as low as 
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possible to achieve reproducible measurement of specific surface area in an 

acceptable time. For out gassing sensitive samples, other out gassing methods such as 

the desorption-adsorption cycling method may be employed. 

The standard technique is the adsorption of nitrogen of analytical quality at liquid 

nitrogen temperature. For powders of low specific surface area (< 0.2 m2g–1), the 

proportion adsorbed is low. In such cases, the use of krypton at the liquid nitrogen 

temperature is preferred because the low vapor pressure exerted by this gas greatly 

reduces error. The use of larger sample quantities, where feasible (equivalent to 1 m 

or greater total surface area using nitrogen), may compensate for the errors in 

determining low surface areas. 

Quantity of the test powder is accurately weighed such that the total surface of the 

sample is at least 1 m2 when the adsorbate is nitrogen and 0.5 m2 when the adsorbate 

is krypton. 

In the volumetric method (Fig. 3.13), the recommended adsorbate gas is nitrogen, 

which is admitted into the evacuated space above the previously out gassed powder 

sample to give a defined equilibrium pressure, P, of the gas. The use of a diluent gas, 

such as helium, is therefore unnecessary, although helium may be employed for other 

purposes, such as to measure the dead volume. Because only pure adsorbate gas, 

instead of a gas mixture, is employed, interfering effects of thermal diffusion are 

avoided in this method.  

Fig. 3.13:  Schematic diagram of the volumetric method apparatus. 
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A small amount of dry nitrogen is admitted into the sample tube to prevent 

contamination of the clean surface, the sample tube is removed, a stopper is inserted, 

the tube is weighed, and the weight of the sample is calculated. Then the sample tube 

is attached to the volumetric apparatus. The sample is cautiously evacuated down to 

the specified pressure (e.g., between 2 Pa and 10 Pa). Alternately, some instruments 

are operated by evacuating to a defined rate of pressure change (e.g., less than 13 

Pa/30 s) and by holding for a defined period of time before commencing the next step. 

If the principle of operation of the instrument requires the determination of the dead 

volume in the sample tube, for example, by the admission of a non adsorbed gas, such 

as helium, this procedure is carried out at this point, followed by evacuation of the 

sample. The determination of dead volume may be avoided using difference 

measurements: that is, by means of reference and sample tubes connected by a 

differential transducer. The adsorption of nitrogen gas is then measured as described 

below. 

Raise a Dewar vessel containing liquid nitrogen at 77.4 K up to a defined point on the 

sample cell. Admit a sufficient volume of adsorbate gas to give the lowest desired 

relative pressure. Measure the volume adsorbed, Va. For multipoint measurements, 

repeat the measurement of Va at successively higher P/Po values. When nitrogen is 

used as the adsorbate gas, P/Po values of 0.10, 0.20, and 0.30 are often suitable. 

 
Fig. 3.14: BET analyzer (RS 232, NOVAWin 2.0); used in the present study. 
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Experimental 

4.1 Materials and Instruments 

4.1.1 Chemical and Reagents 

All the chemicals used were collected from Merck (Germany), Wako Pure Chemicals 

Industries Ltd. and JHD (China). The chemicals and reagents used in this work were 

analytical grade and used without further purification. The chemicals and reagents 

used in this work are listed below: Potassium permanganate, Ethylene glycol, Sulfuric 

acid, Methylene blue, H2O2, HCl, NaNO3, Hydrazine hydrate, AgNO3, Sodium 

borohydride (NaBH4), SnCl2. and Citric acid. De-ionized water (Electrical Resistivity: 

1.51 MΩ.cm@ 25°C, Electrical Conductivity: ~0.66 µS.cm@ 25°C) was used as 

solvent to prepare most of the solutions of this work. 

4.1.2 Instruments 

Analysis of the samples was performed using the following instruments: 

(i) X-ray Diffractometer (Philips, Expert Pro, Holland) 

(ii) Fourier Transform Infrared Spectrophotometer (Shimadzu Prestge-21) 

(iii) Field Emission Scanning Electron Microscopy (JSM-7600F, Tokyo, Japan) 

(iv) UV-Visible Spectrophotometer (Shimadzu-1800 Shimadzu corporation, 

made in japan) 

(v) TGA Machine (SDT Q-600)  

(vi) Furnace (Naber Therm, N-7, Germany) 

(vii)  pH Meter (Hanna, pH 209, India) 

(viii) Centrifuge Machine (ABT-028C, USA) 

(ix) Digital Balance (AB 265/S/SACT METTLER, Toleto, Switzerland) 

(x) Ultrasonic Bath Cleaner (Fisher Scientific FS60) 

(xi) Orbit Shaker ( SSL1, Stuart, UK) 

(xii) Water De-ionizer  

(xiii) Hot Air Oven (DSO-500D, Digisystem, Taiwan) 

4.2 Synthesis and Purification of Graphene Oxide (GO)  

GO was prepared from graphite powder according to the Hummers method [1, 2]. In 

detail, graphite powder (1.0 g), NaNO3 (0.5 g) and KMnO4 (3.0 g) were slowly added 

to a concentrated H2SO4 solution (23 mL) within an ice bath. After removing the ice 

bath, the above mixture was intensely stirred at 35 ± 5 °C for 30 min. After the 

reaction was completed, de-ionized water (46 mL) was added to above mixture while 



 

keeping the temperature at 98 

60 °C with the addition of warm de

while stirring continuously for a further 2 h. The obtained mixture was filt

collect the solid product and washed with 4 wt

de-ionized water until the pH of the supernata

dried in a vacuum oven at 60

then stored in a desiccator

4.3 Synthesis of Reduce 

rGO was synthesized from exfoliated GO with hydrazine hydrate by chemical 

reduction process. In a typical procedure, 

bottom flask and de-ionized 

homogeneous yellow-brown dispersion

Scientific FS60 ultrasonic bath cleaner (150 W) until it became clear with no visible 

particulate matter. Hydrazine hydrate (1.00 mL, 32.1 mmol) was then added and the 

solution heated in an oil bath at 100 

which the rGO gradually precipitated out as a black solid. This product was isolated 

by vacuum filtration over a medium fritted 

de-ionized water. Finally the solid 

obtain a black solid cake.

Fig. 4.1
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keeping the temperature at 98 °C for 15 min, followed by reducing the temperature to 

with the addition of warm de-ionized water (140 mL) and H2O2 (30%, 10 

while stirring continuously for a further 2 h. The obtained mixture was filt

collect the solid product and washed with 4 wt % HCl solution 5 times and then with 

ionized water until the pH of the supernatant was neutral. Finally the material was 

oven at 60 °C to obtain a yellow thin film. The dried product was 

desiccator. 

Reduce Graphene Oxide (rGO)  

from exfoliated GO with hydrazine hydrate by chemical 

In a typical procedure, GO (100 mg) was loaded in a 250 

ionized water (100 mL) was then added, 

brown dispersion. This dispersion was sonicated using a Fisher 

Scientific FS60 ultrasonic bath cleaner (150 W) until it became clear with no visible 

particulate matter. Hydrazine hydrate (1.00 mL, 32.1 mmol) was then added and the 

solution heated in an oil bath at 100 °C under a water-cooled condenser 

GO gradually precipitated out as a black solid. This product was isolated 

filtration over a medium fritted ceramic funnel, washed several time

Finally the solid material was dried in a vacuum oven at 65

obtain a black solid cake. The dried product was then stored in a desiccator.

Fig. 4.1: Block diagram of rGO synthesis.  
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for 15 min, followed by reducing the temperature to 

(30%, 10 mL) 

while stirring continuously for a further 2 h. The obtained mixture was filtered to 

% HCl solution 5 times and then with 

nt was neutral. Finally the material was 

The dried product was 

from exfoliated GO with hydrazine hydrate by chemical 

GO (100 mg) was loaded in a 250 mL round 

mL) was then added, yielding at 

This dispersion was sonicated using a Fisher 

Scientific FS60 ultrasonic bath cleaner (150 W) until it became clear with no visible 

particulate matter. Hydrazine hydrate (1.00 mL, 32.1 mmol) was then added and the 

cooled condenser for 24 h over 

GO gradually precipitated out as a black solid. This product was isolated 

several times with 

material was dried in a vacuum oven at 65 °C to 

The dried product was then stored in a desiccator. 

 



 

4.4 Synthesis of Sn/r

In a typical synthesis of Sn/

ionized (DI) water by ultrasonication. The dispersion was then mixed with 40 

aqueous solution of SnCl

transferred into a 250 mL

purity N2 as a protecting gas. 50 m

added to the mixture to reduce Sn

stirred at 0 °C (ice bath) for 3 h. Th

filtration, washed with de

the crystallinity of Sn in 

atmosphere.  

Fig. 4.2: Block diagram of 

4.5 Synthesis of Ag/r

In a typical synthesis of Ag/rGO nano composite, 

of ethylene glycol. The above mixture was sonicated for 30 min followed by high

speed stirring for a further 1 h to give

AgNO3 was dissolved in 15 mL of ethylene glycol with 5 mL of H

was then added to the mixture of GOs

mL of 0.1 mol/L sodium borohy

mixture was heated at 110 °C for 2 h. When the reduction reaction was finished, the 

reaction mixture was filtered and the product washed three times with de

water and then dried in an oven at 80 °C un
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rGO Nano Composite 

is of Sn/rGO nano composite, 40 mg GO was dispersed in de

(DI) water by ultrasonication. The dispersion was then mixed with 40 

aqueous solution of SnCl2.2H2O (20 mg) and citric acid (20 mg). The mixture was 

mL round-bottomed flask. The flask was purged with high 

as a protecting gas. 50 mL NaBH4 (200 mg) aqueous solution was gradually 

added to the mixture to reduce Sn2+ to Sn and GO to rGO sheets. The mixture was 

C (ice bath) for 3 h. The resultant black solid product was

de-ionized water, and dried in vacuum at 40 °C

the crystallinity of Sn in rGO, the product was annealed at 200 °C for 

Block diagram of Sn/rGO nanocomposite synthesis

rGO Nano Composite 

In a typical synthesis of Ag/rGO nano composite, 100 mg of GO was added to 60 mL 

of ethylene glycol. The above mixture was sonicated for 30 min followed by high

further 1 h to give single-layer graphene oxide (GOs)

was dissolved in 15 mL of ethylene glycol with 5 mL of H2O. This mixture 

then added to the mixture of GOs/ethylene glycol and kept at 50 °C for 2 h. 80 

mL of 0.1 mol/L sodium borohydride (NaBH4) solution was slowly added and the 

mixture was heated at 110 °C for 2 h. When the reduction reaction was finished, the 

reaction mixture was filtered and the product washed three times with de

water and then dried in an oven at 80 °C under vacuum.  
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, 40 mg GO was dispersed in de-

(DI) water by ultrasonication. The dispersion was then mixed with 40 mL 

O (20 mg) and citric acid (20 mg). The mixture was 

bottomed flask. The flask was purged with high 

(200 mg) aqueous solution was gradually 

The mixture was 

as separated by 

°C. To improve 

for 15 h in N2 

 

synthesis. 

100 mg of GO was added to 60 mL 

of ethylene glycol. The above mixture was sonicated for 30 min followed by high-

s). 400 mg of 

O. This mixture 

/ethylene glycol and kept at 50 °C for 2 h. 80 

) solution was slowly added and the 

mixture was heated at 110 °C for 2 h. When the reduction reaction was finished, the 

reaction mixture was filtered and the product washed three times with de-ionized 



 

Fig. 4.3: Block diagram of 

4.6 Synthesis of (Ag+Sn)/

In a typical synthesis of (Ag+Sn)/rGO nano composite, 

300 mL of ethylene glycol. The above mixture was sonicated

high-speed stirring for a further 1 h

mL of ethylene glycol with 

mixture of GOs/ethylene glycol and

(1.189 g, 7 mmol of AgCl was dissolved in 25 mL of ethylene glycol with 25 mL of 

H2O) was added and the mixture kept at 50 

borohydride (NaBH4) solution was slowly added and the mixture was heated at 110 

°C for 2 h. When the reduction reaction was finished, the reaction mixture was filtered 

and the product washed three times with 

oven.  

Chapter 4: Experimental

 

55 
 

Block diagram of Ag/rGO nanocomposite synthesis

4.6 Synthesis of (Ag+Sn)/rGO Nano Composite 

In a typical synthesis of (Ag+Sn)/rGO nano composite, 500 mg of GO was added to 

0 mL of ethylene glycol. The above mixture was sonicated for 30 min followed by 

speed stirring for a further 1 h. 1.579 g (7 mmol) of SnCl2 was dissolved in 

mL of ethylene glycol with 25 mL of H2O. This mixture was then added to the 

/ethylene glycol and continuously stirred after 1 h AgNO

mmol of AgCl was dissolved in 25 mL of ethylene glycol with 25 mL of 

and the mixture kept at 50 °C for 2 h. 1 L of 0.1 mol/L sodium 

) solution was slowly added and the mixture was heated at 110 

2 h. When the reduction reaction was finished, the reaction mixture was filtered 

and the product washed three times with de-ionized water and then dried
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synthesis. 

00 mg of GO was added to 

for 30 min followed by 

was dissolved in 25 

O. This mixture was then added to the 

AgNO3 solution 

mmol of AgCl was dissolved in 25 mL of ethylene glycol with 25 mL of 

L of 0.1 mol/L sodium 

) solution was slowly added and the mixture was heated at 110 

2 h. When the reduction reaction was finished, the reaction mixture was filtered 

water and then dried in vacuum 



 

Fig. 4.4: Block diagram of 

 

4.7 Characterization 

4.7.1 X-ray Diffraction (XRD) Analysis

rGO and rGO metal nano

diffraction pattern in the powder state. The powder samples were pressed in a squar

aluminum sample holder (40

mm x 15 mm) and pressed against an optical smooth glass plate. The upper surface of 

the sample was labeled in the plane with its sample holder. The sample holder was 

then placed in the diffractometer.

4.7.2 Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR spectra of the dried samples of 

materials were recorded on an 

spectra of the solid samples were frequently obtained by mixing and grinding a small 

amount of materials with dry and pure KBr crystals. The mixing and grinding were 

done in a mortar by a pestle. The powder mixture was then compressed in a met

holder under a pressure of 8

the path of IR beam for measurements.
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Block diagram of (Ag+Sn)/rGO nanocomposite synthesis

Characterization  

(XRD) Analysis 

metal nanocomposites materials were analyzed for their X

diffraction pattern in the powder state. The powder samples were pressed in a squar

aluminum sample holder (40 mm × 40 mm) with a 1 mm deep rectangular hole (20

mm) and pressed against an optical smooth glass plate. The upper surface of 

the sample was labeled in the plane with its sample holder. The sample holder was 

then placed in the diffractometer.  

Fourier Transform Infrared Spectroscopy (FTIR) Analysis 

spectra of the dried samples of GO, rGO and rGO metal nano

were recorded on an FTIR spectrometer in the region of 4000-

spectra of the solid samples were frequently obtained by mixing and grinding a small 

amount of materials with dry and pure KBr crystals. The mixing and grinding were 

by a pestle. The powder mixture was then compressed in a met

r under a pressure of 8-10 tons to make a pellet. The pellet was then placed in 

path of IR beam for measurements. 
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synthesis. 

were analyzed for their X-ray 

diffraction pattern in the powder state. The powder samples were pressed in a square 

with a 1 mm deep rectangular hole (20 

mm) and pressed against an optical smooth glass plate. The upper surface of 

the sample was labeled in the plane with its sample holder. The sample holder was 

metal nanocomposite 

- 400 cm-1. IR 

spectra of the solid samples were frequently obtained by mixing and grinding a small 

amount of materials with dry and pure KBr crystals. The mixing and grinding were 

by a pestle. The powder mixture was then compressed in a metal 

10 tons to make a pellet. The pellet was then placed in 
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4.7.3 Thermogravimetric Analysis (TGA) 

The thermal stability of GO, rGO and rGO metal nanocomposites were studied by a 

thermo-gravimetric analyzer (TGA) in a nitrogen atmosphere. Approximately 5 mg 

oven dried film samples in a platinum pan were heated from 30 to 900 oC temperature 

at heating rate of 10 °C/min under a nitrogen flow of 60 mL min−1. Before the data 

acquisition segment, the sample was equilibrated at 25 oC for 5 min to obtain an 

isothermal condition. The weight-loss rate was obtained from derivative thermo-

gravimetric (DTG) data. 

4.7.4 Surface Morphology Analysis 

The surface morphology of the GO, rGO and rGO metal nanocomposites materials 

were adopted using Field Emission Scanning Electron Microscopy (FESEM). The 

dried powders of the synthesized rGO and rGO metal nanocomposite materials were 

dispersed on a conducting carbon glued strip. The sample loaded strip was then 

mounted to a chamber that evacuated to ~10-3 to 10-4 torr and then a very thin gold 

layer (~few nanometers thick) were sputtered on the sample to ensure the conductivity 

of the sample surface. The sample was then placed in the main SEM chamber to view 

its surface. The system was computer interfaced and thus provides recording of the 

surface images in the computer file for its use as hard copy.  

4.7.5 Energy Dispersive X-ray (EDX) Analysis 

Elemental analyses of the synthesized GO, rGO and rGO metal nanocomposites were 

performed by EDX spectra. The dried powders of GO and rGO metal nano composite 

materials were placed on a 1 cm × 1 cm conducting steel plate. The steel plate was 

then placed on a conducting carbon glued strip. The sample was then placed in the 

main FESEM chamber integrated with the EDX instrument. 

4.7.6 Surface Area Measurement 

The surface area of the rGO and rGO metal nanocomposites was measured using BET 

analyzer. Surface areas of those synthesized materials were measured by the amount 

of liquid nitrogen adsorption studied. 

4.7.7 Ultraviolet-Visible Spectroscopy Analysis 

The ultraviolet-visible spectral analysis of the sample solutions employed a double 

beam spectrophotometer. UV-Visible spectroscopic analysis for the adsorption studies 

involved in aqueous solution. Active surface areas of rGO and rGO metal 
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nanocomposites were measured by the amount of methylene blue (MB) dye 

adsorption studied at spectroscopically. 

4.8 Active Surface Area Measurement: Adsorption Study  

4.8.1 Adsorption Experiments 

The adsorption experiments were carried out in a 250 mL stopper conical flask 

containing varying amounts of MB solutions from as prepared 100 mgL-1 stock 

solution. Then the samples were agitated by an orbital shaker with a shaking speed 

200 rpm at room temperature (25 ± 2 °C) for 5 h. At predetermined time intervals, the 

samples were withdrawn and then centrifuged at 7000 rpm for 5 min and the 

remaining concentration was determined using a UV-Visible spectrophotometer 

(Shimadzu Model UV-1800). The maximum absorbance of MB was at a wavelength 

of 664 nm. 

The amount of MB adsorption qt (mg/g) at time t was calculate by the following 

relationship                   

�� =
��	 − ��
�

× 100 
…………………………………….. 4.1 

Where, C0 (mgL-1) and Ct (mgL-1) are the liquid phase concentrations of MB dye at 

initial and at any time t, respectively. V (L) is the volume of the solution and W (g) is 

the amount of the dry adsorbents used. 

The amount of MB adsorbed at equilibrium, qe (mg/g) was calculated by the mass 

balance relationship as: 

�� =
��	 − ��
�

× � 
……………………………… 4.2 

Where, C0 and Ce are the liquid phase concentrations of the dye at initial and at 

equilibrium respectively. The percentage of dye removal (%) can be calculated by 

using the following relationship  

�������	(%) =
��	 − ��
�

× 100 
………………………………. 4.3 

A desorption study was carried out by agitating 100 mL solution of MB of 30 mgL-1 

with 25 mg rGO as well as Sn/rGO adsorbent. During adsorption the pH of the 

solution was increased gradually from 2.5 to 10 and during desorption the pH of the 
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solution was decreased gradually from 10 to 2.5. The concentrated HCl and NaOH 

were used to change the pH so that the change in volume of the solution negligible. 

For equilibrium studies 25 mg adsorbent of rGO and Sn/rGO were taken in 100 mL 

stopper conical flask of different initial concentration of MB dye solution ranging 

from 15-60 mgL-1 at a temperature of (25 ± 2 °C) and pH of 6.5. Adsorption 

equilibrium was obtained after 6 h shaking then the concentrations in the samples 

were analyzed as before. 

Adsorption kinetics was carried out by adding 25 mg adsorbent (rGO and Sn/rGO) 

into 100 mL MB solution of different initial concentrations ranging from 30-60 mgL-1 

at temperature (25 ± 2 °C) and pH of 6.5. The dye solution was separated from the 

adsorbent (rGO and Sn/rGO) by 5 min centrifugation at predetermined time. Then the 

filtrate solution concentrations were analyzed as before. The adsorption capacity of 

adsorbent (rGO and Sn/rGO) was determined by using above eq. 4.1. 
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Results and Discussion 

5.1 Synthesis of rGO and Metal/rGO Nano Composites  

Among known strategies for synthesis of graphene based materials, those based on 

utilization of GO are arguably the most versatile and easily scalable methods. GO is a 

strongly oxygenated, highly hydrophilic layered material that can be readily 

exfoliated in water to yield stable dispersions consisting mostly of single-layer GOs. 

These stable flexible GOs are usually used as the starting material for the preparation 

of graphene-based materials [1]. 

Possible Mechanism of rGO Synthesis: Reduction of a colloidal suspension of 

exfoliated GO sheets in water with hydrazine hydrate results in their aggregation and 

subsequent formation of a high-surface-area carbon material which consists of thin 

graphene-based sheets. Reduction of the exfoliated GO results in considerable 

removal of oxygen, additionally suggest that the reduction/de-oxygenation of GO also 

results in significant restoration of the sp2 carbon sites and unsaturation.  

If the Lerf-Klinowski model is assumed to be correct, most of the oxygen 

functionalities in GO should be present in the form of either hydroxyl or epoxide 

groups [2-4]. Additionally, GO is believed to also contain a number of carbonyl-

containing oxygen functionalities such as lactones, anhydrides, and quinones. The 

presence of these latter moieties can be used to explain the incorporation of nitrogen 

into the reduced GO, since hydrazine can react with anhydrides and lactones to form 

hydrazides and with quinones to form hydrazones [5]. However, only hydrazone 

formation results in the removal of oxygen. Further reduction of the hydrazone to 

yield a deoxygenated sp2-carbon can also occur if it is situated adjacent to an epoxide 

(Wharton reaction) [6]. Hydrazine is known to readily ring-open epoxides and form 

hydrazino alcohols [7]. It is possible, however, that the initial derivative produced by 

the epoxide opening with hydrazine reacts further via the formation of an 

aminoaziridine moiety which would then undergo thermal elimination of diimide to 

form a double bond (Fig. 5.1) [8]. Such a reaction might be further driven in GO by 

re-establishment of the conjugated graphene network. 

 

Fig. 5.1: A proposed reaction pathway for epoxide reduction with hydrazine. 
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Possible Mechanism of Ag/Graphene Synthesis: An in situ chemical synthesis 

approach has been employed to prepare an Ag/rGO a chemically converted graphene 

nanocomposite (Fig. 5.2). The reduction of graphene oxide sheets was accompanied 

by generation of Ag nanoparticles. Ethylene glycol is a widely used reducing agent. It 

can not only work as a chelating agent but also serve as a reducing agent to convert 

metal ions into metal nanoparticles [9].  

 

Fig. 5.2: Schematic diagram of the synthesis of the Ag/rGO nanocomposite. 

However, since ethylene glycol is only a mild reducing agent, it requires a long 

reaction time to reach completion. In this study, we overcome the shortcoming of 

ethylene glycol by the addition of a more active reducing agent, NaBH4. A water was 

added during the reduction process to facilitate the exfoliation of GO. In addition, the 

water may buffer the formation rate of the metal particles, and give some control over 

particle size [10]. 

Possible Mechanism of Sn/Graphene Synthesis: During the synthesis process, an 

aqueous suspension of GO nanosheets was first formed as the precursor for the 

deposition of Sn nanoparticles. It is well known that graphene oxide nanosheets 

contain carboxylic acid groups on the edge sites and epoxyl and hydroxyl moieties on 

the basal plane [11]. When Sn2+ ions were added into the graphene oxide nanosheet 

solution, the Sn2+ ions were attached to those functional groups [12]. On chemical 

reduction, graphene oxide nanosheets were converted to graphene nanosheets, and the 

anchored Sn2+ ions were reduced to Sn. Our synthesis process is different from the 

previous reported techniques for the preparation of SnO2/rGO [13] nanocomposites, 

in which nanoparticles were mechanically mixed with graphene nanosheets. In 
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contrast, our present involves attaching Sn2+ cations on GO nanosheets in the first 

step, in which monolayer graphene oxide nanosheets were homogeneously dispersed 

in water. Therefore, the mixing of Sn2+ and GO nanosheets can be considered as at 

molecular level (GO nanosheets can be considered as macromolecules). In the second 

step, GO nanosheets and Sn2+ were reduced to graphene nanosheets and Sn 

nanoparticles respectively. This process can ensure the in situ formation of Sn 

nanoparticles and graphene nano sheets simultaneously, with an advantage to prevent 

any serious stacking of graphene nanosheets. Fig. 5.3 is a schematic diagram of the 

formation process for the Sn/rGO nanocomposite [12]. 

 
Fig. 5.3: Schematic diagram of the synthesis of the Sn/rGO nanocomposite. 

Possible Mechanism of Ag+Sn/Graphene Synthesis:  During the synthesis process, 

an ethylene glycol solution of GO nanosheets was first prepared as the precursor for 

the deposition of Sn and Ag nanoparticles (Fig. 5.4).  

 

Fig. 5.4: Schematic diagram of the synthesis of the Ag+Sn/rGO nanocomposite. 
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It is well known that GO nanosheets contain carboxylic acid groups on the edge sites 

and epoxyl and hydroxyl moieties on the basal plane [11]. When Sn2+ and Ag+ ions 

were added into the GO nanosheet solution, the Sn2+ and Ag+ ions were attached to 

those functional groups (Fig. 5.4) [12]. Ethylene glycol can work as a chelating agent 

as well as a reducing agent to convert metal ions into metal nanoparticles [9]. 

However, since ethylene glycol is only a mild reducing agent, it requires a long 

reaction time to reach completion, to overcome the shortcoming of ethylene glycol by 

the addition of a more active reducing agent, NaBH4. On chemical reduction, 

graphene oxide nanosheets were converted to graphene nanosheets, and the anchored 

Sn2+ and Ag+ ions were reduced to Sn and Ag.  

5.2 Characterization of rGO and Metal/rGO Nano Composites 

All of those synthesize materials was characterized by different technique as chemical 

characterize by FTIR and EDX analysis, structural characterize by XRD Analysis, 

thermal stability characterization by TGA analysis, surface morphology by FESEM 

analysis, surface area by BET area measurement and finally active surface area of 

rGO and Sn/rGO was completely characterized by adsorption study.  

5.2.1 Chemical Characterization 

5.2.1.1 Chemical Characterization: FTIR Analysis 

Fig. 5.5 shows the FTIR spectrum of GO, rGO, Sn/rGO and Ag+Sn/rGO. In the 

spectrum of GO, the broad peak at 3600-3200 cm-1 arises from the –OH stretching 

vibration. There are also bands due to carboxyl C=O groups (1727 cm-1), C=C (1626 

cm-1), epoxy C–O (1274 cm-1), and alkoxy C–O (1055 cm-1) groups situated at the 

edges of the GO nanosheets, as has been reported previously [14]. In contrast, these 

bands are almost entirely absent in the spectrum of rGO, Sn/rGo and Ag+Sn/rGO 

composites. The loss of intensity of the broad peak at 3600-3200 cm–1 confirms the 

involvement and reduction of oxygen-containing  functional groups in the formation 

of the Sn nanoparticles for Sn/rGO composite, as well as Ag and Sn nanoparticles for 

Ag+Sn/rGO composite. Besides, it also suggests that strong interactions may exist 

between the metal nanoparticles and the remaining surface hydroxyl O atoms [15]. 

The other Ag+Sn/rGO composite there also may exist strong interactions between 

binary metal (Ag+Sn) nanoparticles and the remaining surface hydroxyl O atoms. 

Interestingly, the interactions between all of the metal nanoparticles in different 

composites and rGO were strong enough to ensure the nanoparticles remained 

attached even after chemical cleaning and ultrasonication. 
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Fig. 5.5: FTIR spectra of (a) GO, (b) rGO, (c) Sn/rGO and (d) Ag+Sn/rGO 

nanocomposites. 

5.2.1.2 Chemical Characterization: Energy Dispersive X-ray Analysis 

EDX Analysis of rGO and GO: An elemental analysis of rGO and GO has been 

performed by Energy Dispersive X-ray (EDX) method. The EDX patterns are 

presented in Fig. 5.6. The peaks observed at 0.277 keV for K lines of C and at 0.524 

keV for K lines of O elements. The percentages of C and O were determined from the 

intensity of the lines and are summarized in Table 5.1. 

Table 5.1: Elemental composition of rGO and GO. 

rGO GO 

Sample location C (%) O (%) Sample location C (%) O (%) 

Location-2 95.28 4.74 Location-1 

 

86.88 13.12 

Location-3 95.42 4.58 
 

From the chemical compositions obtained from the EDX spectra, it can be concluded 

that during the reduction reaction of GO are not completely reduced oxygen 

containing functional groups, those rGO sheet obtained a few amount of oxygen 

containing functional groups eg. carboxylic acid group on the edge sites and epoxyl 

and hydrooxyl moieties on the basal plane.  
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(a) rGO (b) GO 

  
Location 2 (a) Location 3 (a) Location 1(b) 

   
Fig. 5.6: EDX analysis of (a) rGO at location 2 and location 3 and (b) GO at location 

1. 

EDX Analysis of Sn/rGO Nano Composite: Elemental analyses of the Sn/rGO nano 

composite material have been performed by Energy Dispersive X-ray (EDX) method. 

The EDX patterns are presented in Fig. 5.7. The peaks observed at 0.277 keV for K 

lines of C and at 0.525 keV for K lines of O and at 3.44 keV for K lines of Sn 

elements. The percentages of C, O and Sn were determined from the intensity of the 

lines and are summarized in Table 5.2. 

Table 5.2: Elemental composition of Sn/rGO nanocomposite material. 

Sample location Carbon (%) Oxygen (%) Tin (%) 
Location - 1 84.21 8.14 7.66 
Location - 2 84.01 8.02 7.97 
Location - 4 84.39 8.34 7.27 

 

From the chemical compositions obtained from the EDX spectra, it can be concluded 

that Sn nano particle are homogenously distributed in between and surface of the rGO 

layer and those Sn metal nano particle act as spacer between two layer.   



Chapter 5: Results and Discussion 
 

 

67 
 

 
Location 1 Location 2 Location 4 

 

Fig. 5.7: EDX analysis of Sn/rGO nanocomposite at location 1, location 2 and 

location 4. 
 

EDX Analysis of Ag/rGO Nano Composite: Elemental analyses of the Ag/rGO nano 

composite material have been performed by Energy Dispersive X-ray (EDX) method. 

The EDX patterns are presented in Fig. 5.8. The peaks observed at 0.277 keV for K 

lines of C and at 0.525 keV for K lines of O and at 2.98 keV for K lines of Ag 

elements. The percentages of C, O and Ag were determined from the intensity of the 

lines and are summarized in Table 5.3. 

Table 5.3: Elemental composition of Ag/rGO nano composite material. 

Sample location Carbon (%) Oxygen (%)     Silver (%) 
Location - 1 25.45 1.51 73.03 
Location - 2 27.14 1.80 71.05 
Location - 3 30.82 1.67 67.51 

 

From the chemical compositions obtained from the EDX spectra, it can be concluded 

that Ag metal nano particle are homogenously distributed onto surface and in between 

the rGO layer and those Ag metal nano particle act as spacer between two layer.  It’s 
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also shows that oxygen composition is lower, that means during the reduction reaction 

oxygen containing functional of GO are almost reduced. 

 
Location 3 Location 4 Location 5 

   

Fig. 5.8: EDX analysis of Ag/rGO nanocomposite at location 3, location 4 and 

location 5. 

EDX Analysis of Ag+Sn/rGO Nano Composite: Elemental analyses of the 

Ag+Sn/rGO nano composite material have been performed by Energy Dispersive X-

ray (EDX) method. The EDX patterns are presented in Fig. 5.9. The peaks observed at 

0.277 keV for K lines of C, at 0.525 keV for K lines of O, at 2.98 keV for K lines of 

Ag and at 3.44 keV for K lines of Sn elements. The percentages of C, O, Ag and Sn 

were determined from the intensity of the lines and are summarized in Table 5.4. 

Table 5.4: Elemental composition of Ag+Sn/rGO nano composite material. 

Sample location Carbon (%) Silver (%) Tin (%) 

Location - 5 15.83 39.77 44.40 
Location - 7 11.78 33.64 54.58 
Location - 8 10.89 44.05 45.06 
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From the chemical compositions obtained from the EDX spectra, it can be concluded 

that Ag and Sn metal nano particle are homogenously distributed in between and 

surface of the graphene layer and those Ag and Sn metal nano particle act as spacer 

between two layers. EDX data also shows that oxygen composition of Ag+Sn/rGO is 

absent that means during the reduction reaction oxygen containing functional of GO 

are completely reduced.  

 
Location 5 Location 7 Location 8 

   
 

Fig. 5.9: EDX analysis of Ag+Sn/rGO nanocomposite at location 5, location 7 and, 

location 8. 

5.2.2 Structural Characterization: X-ray Diffraction Analysis 

Fig. 5.10 shows the X-ray diffraction pattern of synthesized products where Fig. 5.10 

a) shows an X-ray diffraction pattern of the as synthesized rGO. A diffraction peak at 

23°-27° is attributed to the (002) reflection of a hexagonal graphene structure and its 

intensity can reflect the degree of graphitization of a carbon material. Raw graphite 

shows a very strong (002) peak at 26.44° [16]. For rGO, while a small change in the 

position of the principal reflection is observed, the most striking difference is the 

intensity and broadness of the peak (observed at 2θ = 25.5°). Diffraction peaks at 30°, 
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34°, 45° and 58° corresponded to (200), (111), (211) and (301) plane indicate the 

tetragonal crystalline nature of the Sn nanoparticles (fig 5.10 (b).  

 

 

 

 

 

 

 

 

Fig. 5.10: XRD patterns of (a) rGO, (b) Sn/rGO, (c) Ag/rGO and (d) Sn+Ag/rGO 

nanocomposites. 

A diffraction most intense peak at 38° and 45° is attributed to the [(111), (200)] 

reflection to the Ag face centered cubic (fcc) phase structure of the synthesized 

Ag/rGO shown in Fig 5.10 (c) . The relatively broad diffraction peaks of Ag indicate 

relatively small crystal size. The average particle size of the deposited Ag 

nanoparticles was calculated to be ca. 15 nm from the (111), and (200) X-ray 

diffraction peaks based on Scherrer’s equation. No obvious diffraction peaks of GO 

were observed in the as-synthesized composite, which is consistent with complete 

exfoliation of rGO. In addition, the peaks between 15° and 30° are down-shifted and 

broadened compared with the corresponding peaks for chemically reduce rGO. The 

broad nature of the reflection indicates poor ordering of the sheets along the stacking 

direction, implying that the samples are composed of mostly single or few layers of 

rGO [16]. 

Fig. 5.10 (d) shows an X-ray diffraction pattern of the as synthesized Ag+Sn/rGO 

nanocomposite. The most intense diffraction lines (38° and 45°) in the powder pattern 

of Ag+Sn/rGO composite can be indexed to the similar of Ag/rGO composite as face 

centered cubic (fcc) phase. The broad diffraction peaks of Ag+Sn/rGO indicate 

relatively small crystal size. Due to most intense diffraction line (38° and 45°) Ag 

nano particle presence in Ag+Sn/rGO composite, relative low intense diffraction 

peaks (30°, 34°, 45° and 58°) of  Sn nanoparticles are not clearly visible. The average 
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particle size of the deposited nanoparticles was calculated to be ca. 15 nm from the 

(111) and (200) X-ray diffraction peaks based on Scherrer’s equation [16]. 

5.2.3 Thermal Stability Characterization: TGA Analysis 

Although GO is thermally unstable and starts to weight loss upon heating even below 

100 °C, the main weight loss takes place around 200-400 °C, presumably due to 

pyrolysis of the labile oxygen-containing functional groups, yielding CO, CO2, and 

steam [4, 17]. Hence, the thermal decomposition of GO can be accompanied by a 

vigorous release of gas, resulting in a rapid thermal expansion of the material. This is 

evident by both a large volume expansion and a larger mass loss (from flying GO 

debris in the TGA instrument) during a more rapid heating regime (Fig. 5.11). 

Besides, the onset temperature becomes dramatically lower and there is also a mass 

loss (~3%) below 100 °C attributed to the removal of adsorbed water. The reason for 

the much lower thermal stability is easy to understand: GO has a layered morphology 

with oxygen-containing functionality, which will disrupt the hexagonal carbon basal 

planes on the interior of the multilayered stacks of graphene oxide sheet, thus 

accelerating the process of weight loss. On the other hand, the removal of the 

thermally labile oxygen functional groups by chemical reduction results in much 

increased thermal stability for the rGO. 
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Fig. 5.11: TGA plot of (a) GO, (b) rGO, (c) Sn/rGO, (d) Ag/rGO and (e) Sn+Ag/rGO 

nanocomposites. 

Compared the weight loss of GO with rGO and metal graphene nano composites 

(Sn/rGO, Ag/rGO and Sn+Ag/rGO) below 200 °C is much lower, indicating that main 



Chapter 5: Results and Discussion 
 

 

72 
 

oxygen-containing functional groups of GO has been converted after reduction. 

Moreover, the weight loss associated with high temperature pyrolysis of metal 

graphene nano composites around 650 °C are similar to that for rGO, and results from 

pyrolysis of the carbon skeleton of reduced graphene [18].  

5.2.4 Surface Characterization 

5.2.4.1 Surface Characterization: Surface Morphologies Analysis by FESEM  

Surface Morphologies of rGO: During the reduction process, the color of the 

suspension changed from brown to black, which further confirms the change from GO 

to rGO sheets. FESEM images revealed that the rGO material consists of randomly 

aggregated, thin, crumpled sheets closely associated with each other and forming a 

disordered solid (Fig. 5.12 a). The folded regions of the sheets (Fig. 5.12 b) were 

found to have average widths of 4 nm by high-resolution FESEM.  

(a) (b) 

 

Fig. 5.12: (a) An FESEM image of aggregated rGO sheets. (b) High magnification 

FESEM image of rGO, showing the platelet an upper bound thickness at a fold of 10 

nm and the fold thickness of about 10 nm.  

Surface Morphologies of Sn/rGO Composite: The morphology of the Sn/rGO 

nanocomposite was observed by FESEM. Fig. 5.13 (a) shows a FESEM image of the 

Sn/rGO nano composite. In general, rGO nanosheets were crumpled to a curly and 

wavy shape, resembling flower pedals. Tiny Sn nanoparticles are homogeneously 

distributed on the curly rGO sheets. Fig. 5.13 (b) shows a high magnification view of 

the Sn/rGO nancomposite. Due to the corrugated nature of the rGO nanosheets, 
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substantial voids exist between individual nanosheets. The deposited Sn nanoparticles 

could act as a spacer to prevent the re-stacking of individual rGO sheets.  

 (a) (b) 

  
 

 

Fig. 5.13: FESEM image of Sn/rGO nanocomposite (a) Low magnification (b) High 

magnification.  

Surface Morphologies of Ag/rGO Composite: FESEM image of Ag/Graphene (Fig. 

5.14 (a)) illustrates that almost all the rGO sheets are separated from each other and 

coupled by Ag nanoparticles.  

(a) (b) 

  

Fig. 5.14: (a) FESEM image of Ag/rGO nanocomposite (b) High magnification 

FESEM image, showing the average particle size and homogeneous distribution of the 

Ag nano particles on the rGO sheets. 
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The almost transparent carbon sheets were thickly covered by the silver nanoparticles 

and few particles were scattered outside the rGO sheets. Since the monolayer carbon 

nanosheets are extremely thin, it is hard to make a distinction between them and the 

carbon-supported films. However, the edges and crumpled silk waves of these carbon 

sheets (Fig. 5.14 (b)) lead us to believe that these nanoparticles are indeed deposited 

on supports the almost transparent rGO sheets. Besides, in comparison with GO, the 

surface of rGO is much rougher, which can be attributed to the growth of Ag 

nanoparticles on rGO sheets [19]. The in situ reduction process allows these 

nanoparticles of metallic silver as shown in the high-resolution FESEM image in Fig. 

5.14 (b) to attach onto the rGO sheets. The average size of the Ag nanoparticles is 

about 10 nm. 

Surface Morphologies of Ag+Sn/rGO Nano Composite: Fig. 5.15 (b) shows a SEM 

image of Ag and Sn nanoparticles are distributed on a 2D graphene sheet substrate. A 

high magnification SEM image of Ag+Sn/rGO is shown in Fig. 5.15 (b), which 

demonstrates the homogeneous distribution of the binary metal nanoparticles. The 

average particle size is about 10-20 nm (more than 200 counts). White spherical 

binary metal nanoparticles are surrounded by flexible and curly rGO sheets. 

 (a) (b) 

  
 

 

Fig. 5.15: (a) FESEM image of Ag+Sn/rGO nanocomposite, (b) High magnification 

FESEM image, showing size and distribution of metal nanoparticles (Sn & Ag) on the 

rGO sheets. 
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5.2.4.2 Surface Characterization: Surface Area Measurement by BET Analysis 

Surface area measurement of the rGO sheets via nitrogen gas absorption yielded a 

BET value of 199 m2/g (Fig. 5.16). This high specific surface area is partially an 

indication of the degree of GO exfoliation prior to the reduction. However, it is still 

lower than the theoretical specific surface area for completely exfoliated and isolated 

graphene sheets (2,600 m2/g) [20], potentially due to the agglomeration of the 

graphene oxide sheets upon reduction. While this agglomeration can result in the 

partial overlapping and coalescing of the reduced sheets and lowers the surface area 

of the bulk materials, the crumpled 3-dimensional structure of the sheets still leaves 

many exposed surfaces. 

 

Fig. 5.16: Nitrogen adsorption and desorption isotherms for reduced GO. The shape 

of the isotherm indicates that the material contains both micro and mesopores [21]. 

Table 5.5: Surface area of rGO, Sn/rGO and Ag+Sn/rGO composites. 

Sample SBET (m2/g) Vp (cm3/g) dp (nm) 

rGO 199 0.50 2.46 

Sn/rGO 57 0.02 0.80 

Sn+Ag/rGO 77 0.12 0.80 

 

Surface area measurement of the Sn/rGO and Sn+Ag/rGO composite via nitrogen gas 

absorption, yielded BET value of 57 m2/g and 77 m2/g respectively (Table 5.5). The 

specific surface areas of those composite materials are lower than the theoretical 
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value, due to the agglomeration of the graphene oxide sheets upon reduction. While 

this agglomeration can result in the partial overlapping and coalescing of the reduced 

sheets and lowers the surface area of the bulk materials. 

5.3 Surface Active Site Characterization: Adsorption Study  

The surface areas of nano composite materials are usually measured using the 

Brunauer-Emmett-Teller (BET) method [22], which employs the nitrogen adsorption 

at different pressures at the temperature of liquid nitrogen (77 K). Additional 

information about the structure and active surface area of nano composite materials 

can be obtained by the adsorption characteristics of adsorbates, such as methylene 

blue (MB) dye. Adsorption experiments of these molecules are easy and habitually 

done to characterize nano composite materials with the purpose of obtaining 

information on the adsorption capacity of the materials. According to the dimensions 

of the MB molecule, it is mainly adsorbed in mesopores and adsorption possesses 

inferior dimensions which make its penetration in micropores possible [32]. The 

conventional methods for dye adsorption are biological oxidation and chemical 

precipitation [23-24]. Currently the sorption technique is proved to be an effective and 

attractive process for the adsorption of dye containing solution [25-27].  In the present 

work, MB is selected as a model compound in order to measure the active surface 

area by evaluating adsorption capacity of the prepared samples. Here rGO and 

Sn/rGO were employed for the study of adsorption behavior.  

5.3.1 Effect of Initial pH Value 

The effect of pH on the adsorption of MB was analyzed over the pH range of 2-10. 

The pH of solution was maintained using 0.1M NaOH/0.1M HCl solutions. In this 

study, 100 mL of dye solution with concentration of 60 mg/L was taken in a stopper 

plastic conical flask and was agitated with 25 mg of rGO and Sn/rGO. The pH of the 

solution changed slightly during adsorption process. It was presumed that the change 

in solution pH would cause a change in the structure of MB and consequently, in its 

adsorption process. The change in the structure of MB would be detected by the 

variations in the visible spectra of MB. To verify such possibilities, the effect of pH 

on the visible spectra of MB solution was tested in absence of adsorbents. As the 

variation in the spectra at given pH might be time-dependent, the visible spectra of 

MB solution was recorded at the same interval time after the pH was adjusted. It was 

found that the absorbance of the spectra was stable in the investigated pH range (pH 

2–10). Fig. 5.17 shows the spectra of MB solution at different pH. It is obvious from 

the figure that there are no appreciable changes in spectra of MB in the investigated 

pH range. 
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Fig. 5.17: Effect of pH on visible spectra of MB solution. MB concentration: 10mg/L. 

pH plays an important role in the characteristics of dye solution and  is one of the 

most important parameters that influence the adsorption processes [28]. Fig. 5.18 

shows the effect of the initial pH on the percent adsorption of MB from aqueous 

solution for rGO and Sn/rGO adsorbent. It clearly be seen that the MB percent 

adsorption increases in the pH range 7-11 for Sn/rGO is more than bare rGO 

adsorbent. 

 

 

 

 

 

 

 

 

 

Fig. 5.18: Effect of initial pH on the adsorption of MB onto rGO and Sn/rGO 

nanocomposite (equilibrium time = 5 h, dosage = 0.25 g/L, Temperature = (25 ± 2 

°C). 

2 4 6 8 10 12

55

60

65

70

75

80

85

90

 rG O
Sn/rG O

%
 R

em
ov

al

pH

 

 

560 580 600 620 640 660 680 700

0.0

0.5

1.0

1.5

2.0

2.5

A
b

so
rb

an
ce

 (
a.

u
.)

Wavelength (nm)

 pH 2.08
 pH 4.64
 pH 7.00
 pH 8.00
 pH 9.18
 pH 11.02

 

 



Chapter 5: Results and Discussion 
 

 

78 
 

5.3.2. Adsorption and Desorption Study 

For recovery of adsorbent and adsorbate desorption study was carried out as a 

function of pH. The adsorption-desorption was conducted for a MB solution with 

concentration of 30 mg/L. At first the adsorption was observed by increasing the pH 

from 2.5 to 10 that shown in Fig. 5.19. Desorption study was then carried out by 

decreasing the pH. Equilibrium concentration of MB in solution at pH 10 was 6.98 

mg/L. The concentration in solution increased from 6.98 to 36.25 mg/L with the 

decrease in pH from 2.5 (Fig. 5.19) for rGO adsorbate.  

At lower pH, the protons replace the cationic MB dye molecules and the protonated 

surface of the adsorbent became positively charged. Due to this positive charged 

surface, the repulsion force between the adsorbent surface and dye molecule increases 

resulting decreased in adsorption. The increase in MB concentration in solution with 

decrease in pH indicates that the most dye adsorption was carried out by ion-exchange 

mechanism and the process is reversible. 

 

 

 

 

 

 

 

 

 

Fig. 5.19: Adsorption-desorption curve of MB onto rGO and Sn/rGO. Solution 

concentration = 30 mg/L, adsorbent dose = 0.25 g/L. 

5.3.3. Adsorption Isotherms 

The Langmuir model is one of the adsorption isotherm used to explain scientific 

nature of adsorption process. This equilibrium model provides fundamental 

physiochemical data for evaluating the applicability of adsorption process as a unit 

operation. The linearized forms of Langmuir equation can be written as  
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…………………………. …………..     5.1 

 

Where Ce is the equilibrium concentration of dye in solution (mg/L). qe and qo are the 

amounts of MB (mg/g) adsorbed on adsorbent at equilibrium and maximum 

adsorption capacity (mg/g), respectively. KL is the Langmuir binding constant. 

Plotting 1/qe against 1/Ce gives a straight line wherein the slope and intercept are 

1/(KLqo) and 1/qo respectively. All of the linear correlation coefficients R2 are larger 

than 0.996, indicating that adsorption of MB conforms to the Langmuir adsorption 

model. Moreover, the adsorption process of MB is also consistent with the assumption 

of the Langmuir model that the adsorbate that has been adsorbed on the surface of the 

solid adsorbent would cease to migrate. 

 

 

 

 

 

 

 

 

 

Fig. 5.20: Langmuir plot for MB adsorption onto rGO and Sn/rGO. 

The Freundlich isotherm is described as the multilayer adsorption of adsorbate on a 

heterogeneous adsorbent surface [28]. The linear form of the Freundlich isotherm 

equation is                     

lnqe = ln KF + 1/n lnCe ………………………….….  5.2 

 Where Ce is the equilibrium concentration of MB in solution (mg/L). qe is the amount 

of MB (mg/g) adsorbed on adsorbent at equilibrium adsorption capacity (mg/g). KF is 

the Freundlich binding constant, and 1/n is a constant related to the surface 

heterogeneity. 
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Fig. 5.21: Freundlich plot for MB sorption onto rGO and Sn/rGO. 

Fig. 5.20 and 5.21 show the adsorption equilibrium data fitted to Langmuir Eq. (5.1) 
and Freundlich Eq. (5.2) isotherm expressions, respectively. It is evident from Figs. 
5.20 and 5.21 that the equilibrium data were better represented by the Langmuir 
isotherm equation than done by the Freundlich equation. The best fit of equilibrium 
data in the Langmuir isotherm expression predicts the monolayer coverage of MB 
onto rGO sheets and Sn/rGO composite. 
 
5.3.4 Adsorption Kinetics 

Fig. 5.22 shows the extent of dye adsorption as a function of time and initial 

concentrations. The amount of MB adsorbed per unit mass of adsorbent increased 

with increase in MB concentration. The unit adsorption of MB increased from 119.36 

to 215.21 mg/g for Sn/rGO and 81.76 to 119.84 mg/g for pure rGO as the MB 

concentration increased from 30 to 60 mg/L respectively. Equilibrium was established 

at 240 min for all the initial concentrations studied. The surface of Sn/rGO and rGO 

may contain a large number of active sites and the solute (MB) uptake can be related 

to the active sites on equilibrium time. Also up to 90-95% of the total amount of dye 

uptake was found to occur in the first rapid phase (30 min) and there after the sorption 

rate was found to decrease. The higher sorption rate at the initial period (first 30 min) 

may be due to an increased number of vacant sites available at the initial stage, as a 

result there exist increased concentration gradients between adsorbate in solution and 

adsorbate in adsorbent surface. This increased in concentration gradients tends to 

increase in dye sorption at the initial stages. As time proceeds this concentration is 

reduced due to the accumulation of dye particles in the vacant sites leading to a 

decrease in the sorption rate at the larger stages from 30 to 300 min. 
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Fig. 5.22: Effect of initial concentration and contact time on adsorption of MB onto 

(a) Sn/rGO and (b) rGO. 
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Fig. 5.23: (a) 90 % MB dye adsorption efficiency on the surface of Sn/rG 

nanocomposite ([MB] = 10 mg/L, Temperature = 25 °C, Composite dose = 0.25 g/L, 

pH = 7, Shaking speed = 150 rpm and contact time 240 min), (b) Mb solution of (x) 

before introduce adsorbent and (y) after 300 min adsorption on the surface of Sn/rGO 

nanocomposite.   
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In the adsorption experiments, kinetics predict the adsorption rate and adsorption 

equilibrium time, which plays an important role in the adsorption mechanism. Several 

models have been used to describe the adsorption kinetics. In this study, the 

adsorption kinetics was investigated with two kinetic models, the Lagergren pseudo-

first-order and the pseudo-second-order model. The Lagergren equation describes the 

adsorption of solid-liquid phases [29]. The Lagergren pseudo-first-order kinetic model 

is expressed as follows: 

 
…………………………………5.3 

 

Where qe and q are the adsorption density (mg/g) at equilibrium and at time t (min), 

respectively, and k1 is the rate constant of pseudo-first order sorption (min-1). The 

integrated form of Eq. (5.3) becomes 

 
…………………………………5.4 

 

A plot of -ln(1-q/qe) against t should give a linear relationship passing through the 

origin with the slop k1. 

 

 

 

 

 

 

 

 

Fig. 5.24: Pseudo-first order kinetics for the adsorption of MB onto (a) Sn/rGO and 

(b) rGO. 

Another kinetic model is the pseudo-second-order rate model, [30] which can be 

expressed as the following equation: 

0 50 100 150 200 250 300

0

1

2

3

4

5

6

7

 30 mg/L
 40 mg/L
 50 mg/L
 60 mg/L

-l
n(

1-
q/

q
e)

Time (min)

a

 

 

0 50 100 150 200 250 300

0

1

2

3

4

5

6

7

 30 mg/L
 40 mg/L
 50 mg/L
 60 mg/L

-l
n(

1-
q/

q
e)

Time (min)

 

 

b



Chapter 5: Results and Discussion 
 

 

83 
 

 
……………………………      5.5 

 

Where k2 is the rate constant of pseudo-second order adsorption (g/mg.min)). The 

integrated form of Eq. (5.5) becomes     

 
……………………………  5.6 

 

If the second order kinetic equation is applicable, the plot of t/q against t of Eq. (5.6) 

should give a linear relationship. The qe and k2 can be determined from the slope and 

intercept of the plot. 

Therefore, it was evident from Fig. 5.24 that the adsorption of MB did not follow the 

first order kinetic model. The pseudo-second order rate constant k2 and the adsorption 

density qe at equilibrium are given in Table 5.6. It is obvious from Table 5.6 that the 

pseudo-second order rate constants decreased with increasing initial concentrations. 

The fitted qe, fitted values were very close to the experimental qe, exp values. In the 

view of these results, it can be said that the pseudo-second order kinetic model 

provided a good correlation for the adsorption of MB onto rGO and Sn/rGO in 

contrast to the pseudo-first order model. 

 

 

 

 

 

 

 

 

 

 

Fig.  5.25: Second order kinetics for adsorption of MB onto (a) Sn/rGO and (b) rGO. 
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Table 5.6: Pseudo-second order kinetic constants for the adsorption of MB onto 

rGO and Sn/rGO adsorbent. 

Co (mg/L) qe, exp (mg/g) qe, fitted (mg/g) k2 (g/mg min)   R2 
30 

 
rGO 81.76   93.19 5.03×10-4 0.985 
Sn/rGO 119.36 119.90 5.24×10-4 0.999 

   40 
 

rGO 116.84 121.21  1.74×10-4 0.905 
Sn/rGO 158.05 160.25 1.42×10-4 0.999 

50 
 

rGO 119.84 123.15 2.67×10-4 0.971 
Sn/rGO 192.33 198.41 4.79×10-4 0.998 

60 
 

rGO 123.48 124.53 1.45×10-4 0.999 
Sn/rGO 215.21 234.19 1.39×10-4 0.997 

 

5.4 Characterization of rGO and Sn/rGO: Post MB Adsorption 

After MB dye adsorption onto the surface of rGO and Sn/rGO, chemical change of 

those materials were characterized by FTIR and EDX analysis and surface 

morphologies change was also characterized by FESEM analysis. 

5.4.1 Chemical Characterization: Post MB Adsorption 

5.4.1.1 Chemical Characterization by FTIR Analysis: Post MB Adsorption 

IR Absorbance of rGO and Sn/rGO Composite Pre and Post MB Adsorption: The 

characteristics IR stretching frequency fresh MB dye 3015 cm-1 (C-H str. of 

heterocycle), 2979-2929 and 2858 cm-1 (CH3 str. of terminal dimethylamino groups),  

2819 and 2775 cm-1 (C-N str. of  Chet-N-(CH3)2), 1695-1700 cm-1 (C=N str. of 

Chet=N+(CH3)2), 1626 cm-1 (C=N and C=C str.), 1559 and 1541 cm-1 (C-N and C-C 

str.), 625-615 and 1095 сm-1 (C-S-C str.)  and 1200-800 cm-1 (C-S-C, C-H and C-C 

bending frequency) were presented in Fig. 5.26 (a) [31].  

Comparison IR spectrum of pure MB, rGO and after MB adsorbed rGO surface shows 

that all of the characteristic IR absorbing frequency of MB dye were present in MB 

adsorbed rGO spectrum (Fig. 5.26 (a), (b), and (c). 

The overlapped IR spectrum of fresh MB, Sn/rGO composite and after MB adsorbed 

Sn/rGO surface shows that the all of the characteristic IR absorbing frequency of MB 

dye were present in dye adsorbed Sn/rGO spectrum (Fig. 5.27 (a), (b), and (c). 
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(a) IR Spectrum of Fresh MB 
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(b) ) IR Spectrum of rGO after MB Adsorption 
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(c) IR Spectrum of Fresh rGO 
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Fig. 5.26: Comparison FTIR spectrum of (a) fresh MB, (b) rGO after MB dye 

adsorbed and (c) fresh rGO. 
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Fig. 5.27:  Overlapped FTIR spectrum of (a) fresh MB, (b) Fresh Sn/rGO 

nanocomposite and (c) after MB adsorbed on Sn/rGO nanocomposite. 

5.4.1.2 Chemical Characterization by EDX Analysis: Post MB Adsorption 

EDX Data of rGO for Pre and Post MB Adsorption: Elemental analyses of rGO have 

been performed by Energy Dispersive X-ray (EDX) method. The EDX patterns are 

presented in Fig. 5.28. The peaks observed at 0.277 keV for K lines of C, at 0.524 

keV for K lines of O, at 0.392 keV for K lines of N, at 2.30 keV for K lines of S and 

at 2.62 keV for K lines of Cl elements. The percentages of C, O, N, S and Cl were 

determined from the intensity of the lines and are summarized in Table 5.7. 
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Table 5.7: Elemental composition of rGO pre and post MB adsorption. 

Before  MB Adsorption  After  MB  Adsorption 

C (%) O (%)  C (%) O (%) N (%) S (%) Cl (%) 

95.28 4.74  75.13 8.94 14.77 1.11 0.0 

 

Before  MB  Adsorption After  MB Adsorption 

 
Location 2 Location 3 

  

 

Fig. 5.28:  After MB adsorption EDX analysis of rGO at (a) location 1, (b) location 2 

and (c) location. 
 

From the chemical compositions obtained from the EDX spectra, it can be concluded 

that the active surface area of rGO sheets was measured by MB dye adsorption 

process. After dye adsorbed on rGO surface the chemical compositions from EDX 

spectra analysis shows that the element percentage of C (75.13%) is deceased and 

new element joint to the chemical compositions N (14.77%), S (1.11%) and Cl 

(0.06%) atom, those new elements are the main component of MB dye.  
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EDX Data of Sn/rGO Composite for Pre and Post MB Adsorption: Elemental 

analyses of the Sn/rGO nano composite have been performed by Energy Dispersive 

X-ray (EDX) method. The EDX patterns are presented in Fig. 5.29.  The peaks 

observed at 0.277 keV for K lines of C and at 0.525 keV for K lines of O, at 3.44 keV 

for K lines of Sn, at 0.392 keV for K lines of N and at 2.30 keV for K lines of S 

elements. The percentages of C, O, Sn, N, S and Cl were determined from the 

intensity of the lines and are summarized in Table 5.8. 

Table 5.8: Elemental composition of Sn/rGO pre and post MB adsorption. 

Before  MB Adsorption After  MB Adsorption 

C (%) O (%) Sn (%) C (%) O (%) Sn (%) N (%) S (%) Cl (%) 

84.21 8.14 7.66 69.26 16.26 4.48 7.88 2.11 0.0 

 

Before  MB Adsorption After MB Adsorption 

  

  
 

Fig. 5.29: After MB adsorption EDX analysis of Sn/rGO nanocomposite at (a) 

location 1, (b) location 2 and, (c) location 4. 
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From the chemical compositions obtained from the EDX spectra, it can be concluded 

that the active surface area of Sn/rGO composite was measured by MB dye adsorption 

process. After dye adsorbed on Sn/rGO surface the chemical compositions from EDX 

spectra analysis shows that the element percentage of C (75.13 %) and Sn (4.48 %) 

are deceased and new element joint to the chemical compositions N (7.88 %), S (2.11 

%) and Cl (0.00 %) atom, those new elements are the main component of MB dye.  

5.4.2 Surface Morphologies Characterization by FESEM-Post MB Adsorption 

Surface Morphologies of rGO Pre and Post MB Adsorption: FESEM images 

revealed that the rGO consists of randomly aggregated, thin, crumpled sheets closely 

associated with each other and forming a disordered solid (Fig. 5.30 a).  The Fig. 5.30 

(b) shows that after MB dye adsorption on rGO surface the morphologies were 

changed to a curly and wavy shape, resembling flower pedals. Dye molecules 

adsorbed on the rGO surface and also inserted into micro a porous aggregated layered 

sheet that causes dye molecules could act as a spacer to prevent the re-stacking of 

individual graphene nano sheets. The folded regions of the sheets (Fig. 5.30 b) were 

found to have average widths of 10 nm by high-resolution SEM.  

(a) Before MB Adsorption (b) After MB Adsorption 

 

Fig. 5.30: (a) An FESEM image of aggregated rGO sheets. (b) After MB dye 

adsorption on rGO surface the morphologies a curly and wavy shape, resembling 

flower pedals and the fold thickness of about 10 nm. 

Surface Morphologies of Sn/rGO Composite Pre and Post MB Adsorption:  The 

morphology of the Sn/rGO nanocomposite was observed by FESEM. Fig. 5.31 (a) 
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shows a FESEM image of the Sn/rGO nano composite. In general, Sn/rGO nanosheets 

were crumpled to a curly and wavy shape, resembling flower pedals.  

The Fig. 5.31 (b) shows that after MB dye adsorption on Sn/rGO surface the 

morphologies were changed and also changed the colour of spacer tin nanoparticle; 

those dye adsorbed tin nano particles are easily detected by high magnification 

FESEM image. Homogeneously distributed tiny Sn nanoparticles are adsorbed more 

dye molecules than on the rGO surface. The average particle size of dye adsorbed Sn 

nano particles is 10-15nm. 

(a) Before MB Adsorption (b) After MB Adsorption 

  
 

Fig. 5.31: (a) FESEM image of Sn/rGO nanocomposite, (b) After MB dye adsorption 

on Sn/rGO nano composite surface high magnification FESEM image shows that 

homogeneously distributed of colored dye adsorbed Sn nanoparticles on the rGO 

sheets. 
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Conclusion 

Sn/rGO, Ag/rGO and Ag+Sn/rGO nanocomposites were successfully synthesized 

from GO and their salts in situ chemical reduction method. rGO was also synthesized 

from GO chemical reduction method using hydrazine hydrate as reducing agents. 

FTIR and XRD results lead to the conclusion that the adopted method leads to 

successful synthesis of the target materials. FESEM and EDX confirmed the adopted 

method results into uniform distribution of metal nano particles in to graphene 

nanocomposites. TGA analysis of those materials was observed that most of oxygen-

containing functional groups of GO reduce during reduction reaction. It’s also showed 

that the nano composites are almost stable even upto 800°C, by retaining 75-90% 

weight. Surface areas of rGO, Sn/rGO, and Ag+Sn/rGO were measured by BET 

analysis, which showed that the lower surface areas than of their theoretical specific 

surface area due to their potential agglomeration and partial overlapping of rGO 

sheets. 

The extent of adsorption capacity increased with increasing initial MB concentration 

in case of Sn/rGO but it totally reverses for only bare rGO. The maximum adsorption 

capacity of MB on Sn/rGO reached 215.22 mg/g where as 119.15 mg/g obtained for 

rGO. Influence of pH revealed that the adsorbent exhibited better adsorption 

performance under alkaline conditions.  MB dye adsorption increases in the pH range 

7-11 for Sn/rGO is more than bare rGO adsorbent. About 90-95% dye adsorption 

efficiency was observed at 4 hours contact time on the surface of rGO and Sn/rGO 

composite. The effective adsorption-desorption of MB from the adsorbent implies the 

involvement of an ion-exchange mechanism during adsorption. The sorption kinetics 

was found to follow a pseudo-second order kinetic model. The equilibrium data in 

aqueous solutions were well represented by the Langmuir isotherm model.  After MB 

adsorption, the possible change of the surface morphology and functionality and 

elemental composition of adsorbent was observed and examined by the FTIR 

technique, EDX data analysis and FESEM image. The present investigation provides 

an efficient, stable, economical, environmentally friendly and large active surface area 

containing adsorbent Sn/rGO nano composite.   

 




