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Abstract 

 

 

Graphene is an emerging material due to its unique properties such as electrical, mechanical, optical, 

chemical and thermal properties and hence it has a lot of potentials to use in several applications.  

The graphene oxide is generally defined as a single layer of graphene with oxygen functional groups 

present in basal planes and edges of the graphene structures. These functional groups are mostly 

hydroxyl, epoxide, ketone and carboxyl on the surface of graphene layer at basal plane and edges. 

Therefore, GO is easily dispersible  in water and other organic solvents and hence, mostly applicable 

in different forms such as thin films, composites and hybrid materials. Composites are novel type 

materials and have unique properties than host matrix. Graphene can be used in the composite 

material as filler to develop novel composites which have novel and unique properties. Comparative 

other nanomaterial graphene is more suitable for making the nanocomposite because of easy 

synthesis process of graphene with large-scale production for industrial application. To prepare the 

graphene-based composite mostly used graphene derivatives, it has tunable electrical and optical 

properties, based on the composite properties the applicationsFrom the recent literature, we have 

concluded that graphene oxide can be synthesized by a chemical process which is a simple, cost-

effective and more economical. Further, the obtained GO can be reduced by using suitable reducing 

agents to obtain reduced graphene oxide(RGO), which has a lot of potentials to be used in several 

applications. However, most of current studied mainly focus on the synthesis of the graphene oxide 

and the corresponding reduced graphene oxide by using one size graphite precursor material 

(~45µm).  Therefore, the impacts of the different size graphite precursors ( very smaller to a larger 

size) as starting material for synthesis of GO and RGO and the details study of the oxidation 

process, structure, Morphology, bonding characteristics etc are not addressed to our best knowledge. 

Therefore, there is a lack of clear understanding of the influence of different sizes graphite precursor 

on the synthesis of GO and RGO by a chemical process.  Thus, these issues and challenges need to 

be addressed. Further, the oxidation reaction temperature is a key factor for controlling the 

properties of the GO, and further, the quality of RGO obtain from the as-synthesized GO. Hence, the 

influence of the reaction temperature of the oxidation process need to be addressed and a more 

details investigation of its effects on the structure, morphology, bonding to be required. Moreover, 

the reduction of GO to RGO is generally carried out in a few solutions, so more work is still 

required to understanding the solution effects on the reduction of GO to RGO. 

        In the second part of literature review part, we have thoroughly searched all the recent literature 

on the synthesis and characterization of the graphene/alumina nanocomposite for its potential to be 

utilized as potential materials for several applications such as energy, storage devices, capacitors, 

memory devices and so.on. Though, there are several existing syntheses processes has been reported 

by several groups and also mentioned that electrical and mechanical properties can be improved by 
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fabrication of the graphene alumina nanocomposite. It is observed that most of the reported work 

has chosen the α – phase alumina nanoparticles to synthesize the nanocomposites due to the stable 

phase of the alumina. Also, few reported work are existing, where they have prepared alumina by 

choosing the alumina precursor to synthesize the alumina by chemical processes such as sol-gel 

method, finally fabricating the graphene/alumina nanocomposites. Moreover, the most of the 

reported work mainly focuses on the fabrication of the bulk materials by SPS process and then to 

investigate the different properties of the nanocomposites. 

       Therefore, to the best of our knowledge, still, there is a lacking of clearly understanding the 

graphene /alumina nanocomposite structure, morphology, and bonding characteristics, when γ – 

phase alumina is employed as matrix material insisted of α – phase alumina. Further, the as the 

obtained powder form of the graphene /alumina nanocomposite need to be studied in details, as 

these powder form can be used as starting material for thin films formation, for another hybrid 

material synthesis and also for utilizing as filler material for more complex hybrid material 

fabrication. 

          Thus there are still more challenges are there to clearly understand the GO and RGO synthesis 

process by a chemical method and also for fabrication of graphene /alumina nanocomposites for 

effectively using these materials for mass production and also for several practical applications. 

 

In this thesis research work, the influence of the synthesis parameters such as oxidation reaction 

temperature (low and high) on the structure, morphology, bonding and properties of the graphene 

oxide(GO) and the corresponding chemically and thermally reduced graphene oxide(RGO) was 

studied by using the standard Modified Hummers synthesis method. In the second part of the thesis 

work, the influence of the different sizes source graphite  on the synthesis of  graphene oxide (GO) 

and corresponding reduced graphene oxide (RGO) was investigated by choosing the optimum 

synthesis parameters as obtained from the first part of the research work. The impacts of  host 

graphite powder sizes on the structure, morphology, disorder, bonding and properties were also 

investigated by using the  different analytical instruments. In the final part of the thesis work, a set 

of six GO/RGO-Al2O3 nanocomposite was synthesized by choosing -phase Al2O3  using the 

colloidal mixing process and the effects of  the different additives such as HCl, Hydrazine hydrate 

and without any additives were investigated. The corresponding nanocomposites structure, 

morphology, bonding, interface and  thermal stability were investigated by using different analytical 

instruments such as XRD, FESEM, TEM, FT IR, Raman spectroscopy and TGA/DTA for 

understanding the nanocomposite formation.  

Graphene oxide was synthesized by varying the reaction temperature (low and high) by using the 

equal ratios of graphite, H2SO4, NaNO3 and KMnO4.   All the samples were analyzed by using the 

XRD, FT IR, Raman, TEM, FESEM, UV and TGA/DTA for structural, molecular & bonding 

characteristics, morphological and thermal analysis. Experimental results indicated  that oxidation 

reaction temperature has an effective role in the synthesis of  GO.  It was observed that  low-

temperature reaction showed the  good quality of graphene oxide(GO) with better structural,  less 

disorder  and 2-3 layers of GO as compared to the higher reaction  temperature. Further, the 
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corresponding reduced graphene oxide (RGO) was obtained by using hydrazine hydrate and thermal 

reduction process, and experimental results confirmed that the RGO which was obtained by using 

the  lower reaction temperature GO showed less disorder, more graphical structure, flat type and 2-3 

layers as compared to the GO obtained at higher temperature. 

Three different sizes graphite precursor (2-15 µm, <45 µm, and 170-840µm,) were oxidized by 

MHM method and then corresponding RGO were synthesized by the hydrazine hydrate reduction 

process. The experimental results indicated that  the smaller size precursor  graphite was fully 

oxidized in comparison to the large size graphite as source material. Hence, oxidation of graphite to 

graphene oxide is size depended on the source graphite and also showed better quality of reduced 

graphene oxide than other sizes.  Further, from the TGA and DTA analysis, it is observed that 

different weight loss and different exothermic peak position in the graphite oxide which suggest that 

weight loss also depends on the size graphite due to the oxidation rate. UV spectroscopy analysis 

shows different abortion peaks which indicated that all the sizes graphite oxidized differently. 

Hence, the precursor graphite size has a key role in the synthesis of GO and corresponding RGO.  

A set of six GO/RGO-Alumina nanocomposites were  prepared by colloidal mixing process by 

varying the reaction temperature (at RT and 800c) and different additives such as HCL and 

hydrazine hydrate. From  all the analytical analysis results such as XRD, FESEM, FTIR, Raman,  

TEM is TGA  and DTA, it was  concluded that only when hydrazine hydrate was used as an additive 

GO was reduced during the synthesis process and RGO – Al2O3 nanocomposite was formed. All 

other cases GO – Al2O3 nanocomposites formed. Hence, RGO-Alumina nanocomposite can be 

synthesized by using hydrazine hydrate as an additive during fabrication process by using a smaller 

size -phase alumina nanoparticles.  

Different GO/RGO- Al2O3 nanocomposites were synthesized by using the optimum process 

parameters as obtained by varying the wt% GO (0.5, 1, 3, 5, 10 and 20 wt %) and all the samples 

were analyzed by using XRD, FT IR, Raman and TEM. Experimental results indicated that as the 

GO content increases more disorder and less agglomeration  of the alumina nanoparticles are 

observed.  Further, it was seen that as the GO content increases the oxygen-related function groups 

are removed because of more  interaction between the GO and alumina nanoparticles.  

 In this thesis work, GO/RGO- alumina nanocomposites were synthesized and formation of the 

graphene-alumina nanocomposite  was confirmed based on the structural, bonding, morphological 

and TGA/DTA analysis, however still to use such nanocomposites in practical application such as 

energy storage, memory devices and other applications,  properties such as mechanical, catalytic and 

electrical are needed to be addressed.  Therefore, the future scope of this  thesis works to investigate 

the electrical, mechanical properties and the percolation threshold in order to utilize this 

nanocomposite for practical memory devices and energy applications.  
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Chapter 1 

  Introduction 

 

1.1 Why choose nanotechnology  

The idea of nanotechnology was given by the Richard Feynman in his talk “There’s Plenty of Room at 

the Bottom.” In this talk, he had described the process of the individual molecules and atoms. After ten 

years, the first nanotechnology term was used by Proof. Nario Taniguchi for his experimental work. 

Now –a- days people have been explored in the Nanotechnology research due to the excellent 

properties exhibited by materials in the range of 1-100nm size. These materials drastically different 

from the bulk materials [1] because of such nanomaterials possess high surface area to volume ratio. 

Currently, vigorous research is going on globally to study the excellent novel phenomena and 

properties of nanoscale materials for understanding the fundamental science and also for technological 

applications [2-18]. Nanotechnology is an interdisciplinary subject, deals with physics, chemistry, 

biology, materials, and different branch of engineering. Different types of nanomaterials are existing 

such as 0D (nanoparticles,quantum dots and clusters [19-21]), 1D (nanotubes, nanowires and nanorods[ 

22-25] ) and 2D materials(nanocoatings and nano-thin films [26-30]. Therefore, nanomaterials and 

nanotechnology have become an emerging area for both fundamental understandings and for practical 

application of the materials at the nanoscale. Out of several types of nanomaterials like metals, 

ceramics, polymers, and carbon-based nanomaterials such as carbon nanotubes, carbon fibers, and 

graphene are emerging as key advanced materials for future advanced technologies[5-45]. 

 

1.2 Carbon-based Materials 

Among all of these nanomaterials, carbon-based nanomaterials are showing unique properties such 

as physical, optical, mechanical, chemical and electrical properties [31]. These materials show 
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different allotrope form such as graphite, amorphous carbon, fullerene, CNT, and graphene because 

of SP2 and SP3 hybridization.  [32]. 

 

Graphite 

Graphite is naturally formed of carbon. It has a layer and planar 3D structure of hexagonal crystal 

structure. It has lattice parameter 0.142nm, and the interplanar distance between the layers is 

0.335nm. In this material, the carbon atoms bind together by Van der Wall forces with sp2 

hybridization. This material is very soft and good electrical conductor [33-36]. 

Amorphous carbon  

Amorphous carbon is soot and black form of carbon. It does not have any crystal structure because 

of carbon atoms are randomly arranged.  This material can be used in inks, paints and industrial 

rubber filler [37-39]. 

Fullerene 

There are more than 30 forms of fullerene. It looks like a soccer ball and also called C60 molecules. 

It has 60 carbon atoms with pentagonal and hexagonal carbon rings in which no two pentagons 

share an edge, but hexagonal rings are shared with edges. In this material, each carbon atoms 

covalently bonded to the three adjacent carbon atoms. Its diameter is around 1nm. Its hardness is 

more than diamond and can be used in drug delivery and antioxidants [40-41]. 

Carbon Nano Tube (CNT)  

CNT materials are one form of the fullerene (0D), where the fullerene is elongated as cylindrical 

with a diameter in nm, micro or millimeter length. Therefore it is a 1D material and appears in a 

hollow cylinder with a curved sheet of the graphitic layer. The carbon atoms are bonded with sp2 

hybridization. The CNTs can be classified as single-walled(SWCNT), double walled (DWCNT) and 

multi-walled carbon nanotubes(MWCNT). This material shows extraordinary properties, such as 

high electrical conductivity, high tensile strength, ductility, thermal conductivity and chemical 

stability [42-43]. Hence, there are several possible applications and few of them are also 

commercialized. 
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Graphene 

The single atomic thin layer of graphite is called graphene. It is a 2D material and formed with sp2 

hybridization of carbon atoms arranged in honeycomb hexagonal lattice manner. Recently graphene 

is a most emerging material due to its unique properties such as electrical, mechanical, chemical, 

physical, thermal and optical properties [44-45]. Some of the carbon allotropes can be obtained 

through the graphene sheet, such as fullerene can be formed by graphene sheet wrapped up into the 

0D material, it can be rolled into 1D and formed  CNT and stacked of graphene sheets to form  3D 

graphite. Different types of allotropic form of graphene are shown in Fig 1.1. 

1.3 Graphene synthesis  

There are several synthesis processes to obtain graphene such as mechanical exfoliation, epitaxial 

growth, CVD method and chemical methods. These methods are briefly discussed in this section.  

1.3.1 Mechanical exfoliation  

In 2004, Konnstaintin Novoselov and Audre Geim reported single layer of graphene by using the 

mechanical cleavage [46-49]. In this method, two steps are involved such as the first one is splitting 

of graphite repeatedly by using scotch tape and secondly small species are dissolved in acetone and 

finally deposited these pieces onto the silicon substrate. This process is shown in Fig.1.2. This 

synthesis method has few drawbacks due to the small species of graphene sheet size and obtained 

product is also small quantity. So, it cannot be applicable for the industrial applications, but this 

method was used fully for the studying the fundamental research for accurate properties of graphene 

because the obtained graphene did not contain any defects. 

1.3.2 Epitaxial growth 

In this method, graphene layers are grown on the silicon carbide (SiC) substrate at high temperature 

i.e. around 11000C [51-58]. After growing the graphene layers are separated from the substrate by 

using the etching process. This method is very expensive and time-consuming also. This process is 

shown in Fig. 1.3. 

1.3.3 Chemical Vapour Deposition (CVD) 

By using CVD method, large-scale production of graphene films can be obtained, but it needs the 

elevated temperatures operating through the precursor such as hydrocarbon gas [59-64].Also, this 
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process requires a metal catalyst such as Cu, Ni and finally transfer process. This method can be 

limited to the industrial applications due to expensive process. Because of deals with costly 

deposition and transfer process. However, the quality of graphene is very excellent for electronic 

devices.  

 

Fig.1.1 Different types of allotropes from graphene  [45]. 

  

 

Fig.1.2. Mechanical cleavage process by using the scotch tape [50]. 
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Fig. 1.3 Epitaxial growth of graphene layers on SiC substrate( a)  pure SiC( b), graphitized SiC (c ), 

Morphology graphene obtained from the surface in high-pressure argon [51] 

 

Fig. 1.4 Graphene films obtained by Chemical Vapour Deposition [59]. 

1.3.4 Chemical Method 

Generally, this process requires graphite as source materials and by using chemical process 

graphene is synthesized. Several types process are already reported such as Brodie [65], 

Staudenmaier [68] and Hummer’s method [70].  

Brodie method [65-67] 

In 1859, Benjamin Brodie studied the reaction of the graphite with strong oxidation agents such as 

chlorates, and the obtained material was known as graphite acid (C11H4O5 with C/O ratio 2.2). This 

method has few drawbacks due to the formation of more quantity of ClO2 gas during the reaction 

and also these gases are very explosives. 
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 L. Staudenmaier[68-69] 

This process is modified from the Brodie method using the Sulphuric acid into the mixture of nitric 

acid and potassium chlorate of Brodie method. 

 Hummer’s method[70-75] 

In 1958, Hummer and Offerman successfully prepared the graphite oxide without chlorate by using 

the KMnO4. This process was known as Hummers method and still, mere research is in progress to 

improve to improve this process. Such as improved Hummers method, NaNO3 free modified 

Hummers method. Fig.1.5 shows the comparisons between all these three methods of preparation of 

graphene oxide. The following section deals with the properties of the graphene. 

 

Fig.1.5 Schematic illustration of Brodie’s method, Staudenmaier’s method and 

Hummers’ method to prepare graphene oxide [76]. 

 

1.4 Properties of graphene  

Graphene can be utilized in a wide range of applications due to its excellent and unique properties 

such as optical, electrical, chemical, physical, electronic, Quantum Hall Effect, Mechanical and 

thermal properties. 

1.4.1 Optical properties[77-82] 

Graphene has sp2 hybridization of carbon atoms arranged in honeycomb lattice structure as shown in 

Fig 1.6 (a).  The optical properties of graphene are mainly due to the free electrons in the PZ orbital 
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that can form π bonds covalently. These bonds can form as bonding and antibonding due to the 

overlapping of PZ orbitals so that properties of graphene depends on the electronic band structure of 

the graphene. In Fig. 1.6 (a),  a1 and a2 represent lattice vectors and values are  a1=a/2(3, √3) and 

a2= a/2(3,-√3).  where a=1.42Å is the distance between two carbon atoms and δ1= a/2(1, √3), δ2= 

a/2(1, -√3) and δ3= -a (1, 0) are the nearest neighbor real space vectors. As shown in Fig. 1.6 (b) the 

Brillouin zone vectors points in the graphene unit cell. It has two atoms in this figure b1, and b2 are 

reciprocal lattice vectors these can be written as b1=2π/a((1, √3), b2=2π/a((1, -√3) and k and k’ are 

the Dirac points which are massless. Which is also represents the momentum space vectors k = 

(2π/3a, 2π/3√a) and k’= k = (2π/3a, -2π/3√a). This electronic structure is mainly responsible for the 

optical properties of graphene. In the graphene, the absorption of the graphene is active in the 

infrared region and due to the π- bonds of carbon atoms.Therefore, it possesses 97% of 

transmittance for single-layer of graphene and varies as the no.of layers increases. 

 

Figure.1.6  (a) Honeycomb lattice structure of graphene, (b) Graphene Brillouin zone and (c) Band structure 

of graphene [77]. 

1.4.2 Electrical properties[83-89] 

Graphene consists of massless Dirac points, and hence there is no band gap so, it consists of more 

free electrons and shows higher conductivity. The band gap can be tuned by different graphene 



17 
 

derivatives useful in transistors and high-frequency application of the electronic devices. Also, due 

to π – electrons it shows unique electrical properties. 

1.4.3 Mechanical properties[90-94] 

Still today graphene is the strongest material comparative other material like diamond and also 300 

times stronger than steel material. It consists of higher Young’s modulus i.e 1.07Pa [90 ] and very 

high fracture strength i.e 130GPa[90] such values depend on the quality of graphene and vary with 

different derivative graphene and structure. It has been also reporting that it shows the less tensile 

strength of chemically reduced graphene and can be improved ceramic composites and used in 

optoelectronic applications. Graphene is very stretchable and thus it makes this promising material 

for using in different applications. 

1.4.4 Thermal conductivity[95-100] 

The thermal conductivity of graphene is very high due to the less mass of Dirac fermions and strong 

anisotropic bonding of carbon atoms and this material exhibits very high thermal conductivity than 

CNT, graphite, and diamond [95]. The reported thermal conductivity value was 3000-5300 of   

Single-layer graphene [96]. The next section describes the different applications of graphene. 

1.5 Applications of Graphene 

Graphene is an emerging material due to its unique properties such as electrical, mechanical, optical, 

chemical and thermal properties and hence it has a lot of potentials to use in several applications.  

As shown in Fig. 1.7, some of the applications of the graphene are described the following 

subsections. 
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Fig. 1.7 Graphical illustration of wide range possibility applications of  the graphene[101] 

 

Electronic devices 

More than 50 years onwards semiconducting devices are developed based on the Moor’s law [102] 

for integrated circuit technology based on Si – band technology. These dives are now limiting the 

scaling law to fabricate transistors and can use up to  2020. Therefore, new materials are needed to 

overcome the future challenges for transistors devices. In this context, graphene can be chosen an 

alternative due to its unique properties such as high electron mobility and blastic transport. These 

features are more attractive for transistor applications. In 2007, Melinda.Y.H, et al. [103] first 

developed GNR – FET device by using the e- beam lithography and oxygen plasma etching. 

J.B.Oostinga et al. [104] developed the double – gate graphene device, and they have reported that 

device Mobilities can be reached to  230000cm2/V/S. This value represents the ballistic transport 

over micron length scales. Figure 1.8 shows the graphene electronic device. 
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Fig.1.8 (a) The double – gate graphene device[104], (b) Radio-frequency graphene field-effect 

transistor[105,106]  and (c ) Graphene integrated circuit[107]. 

 

 Photonics and Optoelectronics[108-114] 

Graphene exhibits peculiar optical properties such as absorption of independent wavelength, tunable 

bands gaps, and more charge carriers, because of these properties graphene can be utilized to 

develop photonic devices.  

 Sensors[115-123] 

Sensors are an emerging technology and have a lot of potentials to use a wide range of application 

such as aerospace, healthcare, automation, biomedical, devices, energy, space and some applications 

etc. there are several different types  sensors are available such as a mass sensor, force, chemical, 

electrical sensors, biosensors and so on.Nowadays graphene-based sensors are emerging as a new 

area of research and several groups are actively working to develop new types sensors by using 

graphene as sensing material. For example, graphene-based sensors used in high-frequency devices. 

This frequency range was detected by the graphene-based sensors. Different graphene-based sensors 

shown in Fig.1.9. for this purpose very high efficient sensors those are cost-effective, energy 

efficient, easily integrate to other devices, is required for future technology. 

Flexible Electronics[125-129 ] 

Still, to date, most of the electronic devices are developed by using the rigid material. However, if 

flexible materials are used then such devices are foldable, lightweights and long-lasting. Hence 

graphene can be used as flexible materials for the development of flexible electronic device because 

of flexible and transparent properties of graphene. Also, this material is more useful to fabricate 
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flexible device because of transformation making the human touchable device. The graphene-based 

flexible devices are shown in Fig. 1.10. 

 Energy storage and Conversion [130-140] 

Due to the current energy crisis, alternative energy is required for running all day to day electronic 

devices, cell phones, home applications, automobile etc to develop energy storage and conversion 

devices through the fabricating batteries, capacitors, and fuel cell. Nowadays, more research is 

carried on graphene-based energy storage application due to its high surface area. However 

comparative traditional based material device to the graphene-based material, have high complicated 

fabrication process and high-cost effect. Graphene-based thermo–electronic device is shown in 

Fig.1.11. 

 

Fig. 1.9. Different  Graphene-based sensors with time [124] 
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Composites [141-150] 

Composites are novel type materials and have unique properties than host matrix. Graphene can be 

used in the composite material as filler to develop novel composites which have novel and unique 

properties. Comparative other nanomaterial graphene is more suitable for making the 

nanocomposite because of easy synthesis process of graphene with large-scale production for 

industrial application. To prepare the graphene-based composite mostly used graphene derivatives, it 

has tunable electrical and optical properties, based on the composite properties the applications 

[141-150]. 

 

Fig .1.10. Graphene-based flexible devices [129]  

 

Fig. 1.11  shows the energy conversion diagram [140] 
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1.5 Conclusions  

This chapter deals with the basic introduction of nanomaterials and nano techniques, synthesis of 

graphene by different processes, properties of the graphene and finally current utilization of 

graphene in different applications. Next chapter involves the current literature review, current 

challenges, and objective of this thesis work. 
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Chapter 2 

Literature Review 

 

2.1 Literature review 

This chapter describes the up-to-date literature review on the chemical synthesis of graphene oxide, 

reduced graphene oxide and GO/Al2O3 or RGO/Al2O3. Final section deals with the current 

challenges and issues in these areas, objective and outline of this future’s work. 

2.2 Literature review on synthesis Graphene Oxide (GO) by 

chemical Method. 

The graphene oxide is generally defined as a single layer of graphene with oxygen functional groups 

present in basal planes and edges of the graphene structures. These functional groups are mostly 

hydroxyl, epoxide, ketone and carboxyl on the surface of graphene layer at basal plane and edges 

[151]. The arrangement of these groups and mechanism of GO is explained by different models. In 

1930 Thiele et al.[152] had proposed a structural model. In this model the oxygen-containing the 

functional group,  OH attach to the carbon atoms with a covalent bond as shown in Fig. 2.1  and 

they had proposed a formula for graphene oxide like C6O3H3. In 1934 Hofmann et al.[153], had 

proposed that the epoxy groups are attached to the graphene oxide. These bond are weak showed as 

shown in Fig. 2.1. In 1947 Ruess et al. [154], had proposed a where model the hydroxyl groups 

present on the basal plane of GO as shown in Fig. 2.1. In 1957 Clauss et al. [155] explained the 

presence of carbonyl and hydroxyl groups on the graphene sheet as shown in Fig. 2.1. After 60 years 

later, Nakajima et al.[156]  showed the GO structure model as a similar to the Thiel model but a 

change in formula C8(OH)4 for the C6(OH3) of Thiele model which shown in Fig. 2.1. However, still 

to date, the mechanism of graphene oxide is unclear. Basically, the graphene oxide is synthesized by 

chemical methods which involve the oxidized agents such as KClO3 and KMnO4 and form ClO2 and 

MnO7 in the presence of con.H2SO4/HNO3. Then the reactive species such as MnO3
+ penetrate into 

the interlayer spacing between the two positively charged graphite layers. Recently, Ayrat.M. 

Dimiev et al.[157], have explained the graphene oxide mechanism, by reporting that the complete 

oxidation process happens by three steps,  each step is independent of each other. In the 1st step, 

graphite is mixed with H2SO4, and followed by the stirring. In this step, H2SO4 and molecules and 
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HSO4
- ions can occupied between the graphite layers. This stage of material is represented as 

graphite intercalated compound (GIC).This reaction can be completed within 3-5 minutes only. In 

the 2nd  step, the oxidizing agent is added to 1st step material(GIC), then the oxidized agent form 

ions or molecule ( for example if KMnO4, is chosen then it form MnO7 and MnO3
+). These diffuse 

in between the graphite layers and remove the intercalated molecule or reactants. Also, it reacts with 

the carbon atoms to form new types of C-O bonding. This stage material is called as oxidized 

graphite. This material consists of  C-axis ordered form of the graphite. This process generally takes 

a long time (hours to days). In the 3rd stage, PGO is exfoliated by the water, and individual graphene 

oxide (GO) can be obtained. These three steps are shown in Fig. 2.2. 

 

Fig . 2.1 Different oxidation models of graphene oxide as proposed in the literature [152-156]. 

Still, to date, graphene oxide mechanism is unclear because of variation in the formation of the 

oxygen functional groups. These functional groups attached to the graphene sheet mostly depends 

on the oxidation process method, reaction temperature, reaction time, variation in the oxidizer agent 

quantity and percentage of oxidation (fully oxidized or partially oxidized). Gongkai Wang et 

al.[158] have studied the structural and optical behavior of the different degree oxidation of the 

graphene oxide. They have prepared GO by different methods and using the graphite size is 20μm. 



25 
 

The structural analysis is carried out by the XRD and shown in Fig.2.3 (a), in which the graphite 

with 2θ=26.50, d= 0.336nm and 2θ=90, 100, and 11.10 with d=0.979, 0.880 and 0.799nm for the No-

1, No-2, No-3 samples respectively. No-4 sample has  2θ=26.40 with d= 0.338nm. From these 

results, it clear that  No-1 sample shows a high degree of oxidation comparative to the other 

samples, and also No-4 sample shows very low intensity compared to graphite so that it consists of 

less functional groups. 

 

Fig.2.2. Graphene oxidation formation involves three different steps[157]. 

. The optical characteristics were observed by UV spectroscopy as shown in Fig.2.3(b).  The π- π* 

transition peaks appear at 232,235,237 and 261nm for the No-1, No-2, No-3 and No-4 samples 

respectively. The increases in the wavelength represent the increases π – electrons. They have 

indicated that least wavelength peak samples need high energy and also observed that first three 

samples show the shoulder peak at 300nm (n- π* )  and 4th sample do not have this peak.  
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Fig.2.3 .(a) XRD pattern and (b) UV spectroscopy of different degree oxidation of GO[158]. 

Jesus Guerrero et al.[159] have studied the different oxidation degree of the graphene oxide by 

Hummers method. In this work, the variation in the degree of oxidation was obtained by the 

changing the synthesis parameters such as NaNO3, KMnO4, reaction temperature and reaction time 

as shown in Table 2.1. From the results, they have mentioned that all samples consist of nearly same 

C/O ratios and the formation of oxygen functional groups have different intensity analyzed by the 

FTIR spectra. These functional groups mostly impact the structural, optical and electrical properties 

of graphene oxide. Recently in 2016, Tong Hun Kang et al.[160] have reported the hidden second 

oxidation step of the Hummers Method. In this .work, they mentioned that two steps are involved in 

preparing the graphene oxide and all synthesis parameters are listed in Fig.2.4. They also mentioned 

that oxidation depends on reaction temperature and time.  Also, it is indicated that defects are 

formed in the 2nd stage of oxidation process at high temperature. In their process, it has been also 

reported that more oxidation occurs at the 2nd stage due to the increase in the temperature during the 

2nd stage. However, in step1 only partial oxidation occurs with the presence of unoxidized C = C 

bonds carbon atoms. The optical properties are changed in both the oxidation steps. In the step1, the 

peak position appears at the higher wavelength in UV spectrum that means π-π* absorption peak 

appearance at 233nm. Which further indicates the undamaged conjugated structure in GO. In the 

case of step 2,  oxidation, the absorption peak shifts to lower wavelength at 231nm at 45ºC,  when 

the temperature increases further, the peak position decreases to 228nm at 950C. Which indicates a 

reduction of graphite domain. The n-π* transition peak also increases with an increase in the 

temperature during step2 oxidation which represents the increases of carbonyl bonds C=O. From the 

FTIR analysis, they have also observed that when the temperature increases in step 2 oxidation 

process, O-H groups increases and hence the peak intensity increases more at 3440cm-1, which 
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indicates that during this process more hydroxyl groups are formed. However, the epoxy groups 

formation reduces as shown in Fig.2.5. Therefore, the material obtained at the step 2 oxidation, 

easily disperse than step1 oxidation material. The interlayer distance decreases further due to the 

presence of the hydrogen bonding. 

Table.2.1. Different synthesis parameters for GO preparation by using Hummers method [159]. 

 

 

Fig. 2.4. Mechanism of the graphite oxide in step2 oxidation[160]  
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Fig .2.5  FTIR Spectrum for the step1 and step 2 oxidation process[160] 

2.3 Litterature review on Reduced graphene oxide(RGO) 

We already described the graphene synthesis methods in section 2.1.  Out of all the methods, 

chemical method represents the graphene oxide which provides the different properties in 

comparison to the others method due to the oxygen functional groups. These groups disturb the 

conjugated structure of graphite lattice [161-162]. Then, the graphene oxide behaves as an insulator 

and exhibits the resistance ~ 1012 ῼ/qs or higher[163-164]. Since, graphene exhibits the excellent 

electrical, mechanical, thermal and optical properties due to the  sp2 conjugated carbon atoms, 

hence, graphene can be obtained from the graphene oxide by removing of oxygen functional groups. 

The process of removing the oxygen functional groups is known as reduction process, and obtained 

graphene is called as reduced graphene oxide. So that it can retain the original sp2 conjugated carbon 

atoms. There are different reduction methods available for the reduction of graphene oxide to obtain 

graphene by restoring the sp2 hybridized carbon atoms and improve the conductivity of material 

[161-162].Such as thermal reduction, chemical reduction, and multi-step reduction. Xingfa Gao et 

al.[165] have studied the reduction mechanism of graphene oxide reduction by hydrazine and 

thermal reduction by the density functional theory. They have mentioned that the graphene oxide 

has two types of epoxy groups represents A and Aˈ, and attach to the interior and edge of the 



29 
 

aromatic domain. Another two types are hydroxyl groups and attached same as epoxide groups and 

represented as B and Bˈ, the carbonyl and carboxyl groups are attached at edges of the graphene 

sheet and represent as C and D respectively. These groups arrangement is shown in Fig.2.6. In this 

work, they have mentioned that only epoxy oxide groups are removed by hydrazine and the 

mechanism was very well explained. However, the removal of hydroxyl groups mechanism is not 

explained. By hydrazine treatment, the epoxy groups are removed through three routes as shown in 

Fig.2.7. and shown as route 1,2 and 3. The hydroxyl removal path is shown in Fig. 2.7  like route 4 

and 5. The carbonyl and carboxyl path is shown in figure 2.7 as route 6 and 7 respectively.Ning-Jing 

Song et al.[166], have reported the thermal and mechanical properties of thermally reduced 

graphene oxide thin films. In this work, GO was prepared by modified Hummers method and thin 

films were prepared then heated to a different temperature such as 8000C,9000C,10000C,11000C and 

12000C in a nitrogen atmosphere. They observed that when the temperature increases the thermal 

conductivity also increases, as shown in Fig.2.8 (a). whereas  Young's modulus (stiffness Fig   

2.8(b))  decreases and after 9000C, no further reduction in Young's modulus. Similarly, tensile 

strength decreases with temperature and suddenly increase at a 12000C heat treated GO thin film. 

 

Fig. 2.6 .The oxygen-related functional groups in Graphene oxide [165]. 

The chemically reduced graphene oxide (RGO) can be synthesized by using different reducing 

agents. Out of these, the most used reducing agent is hydrazine. Therefore, in this section, we have 

included more literature on the reduction of GO to RGO by using hydrazine. S.Stankovich et 
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al.[167] have studied the electrical conductivity of the graphene oxide reduction by hydrazine 

hydrate. In this work, they have taken the GO solution in  DIW and reduced at 1000C by hydrazine 

hydrate. They have reported the electrical conductivity is 2x102s/m of the RGO. This value is for 

better than GO with 5 order more. Dan Li et al.[168] have developed the large-scale graphene 

synthesis by without surfactant.In this work, they have observed the charge of graphene by zeta 

potential, GO and RGO have a negative charge, but RGO has less charge than GO. Both GO and 

RGO has shown the negative charge which indicates that after reduction with hydrazine, still 

carboxylic and hydroxyl groups are present. They have investigated the effect of lower and higher 

quantity of the hydrazine in the reduction oxygen functional groups of GO.  They have reported that 

RGO dispersion is decreased with increasing the hydrazine quantity. In this work, they have also 

mentioned that RGO dispersion depends on the PH of the solution and also observed that the UV 

absorption depends on the reduction time. When the reduction time is increased the observation 

peak is also shifted to the higher wavelength (231nm to 271nm ). This indicates that band structure 

can be modified for different applications. T.T.Dang et al.[169] have studied the effect of the 

reduction temperature by using hydrazine monohydrate as reducing agent. They have reported that 

the electrical conductivity depends on the temperature which also depends on the variation in C/O 

ratio. In this work, they have prepared the GO by the MHM and then followed by the microwave-

assisted thermal expansion. They have seen that the optical absorption changes when the 

temperature increases, the intensity of absorption peak also increases. Prerna Bansal et al.[170], 

have reported the effect of the temperature on the  RGO for the structural and optical properties. In 

this work, they have prepared GO by improved Hummers method by using the graphite size ~45μm 

and reduction by hydrazine hydrate at a different temperature such as 80 and 950C in the water 

solvent.They have mentioned that at a high reduction temperature RGO can be reduced with fewer 

defects. However, at high temperature, the obtained RGO show a smaller optical gap as analyzed by 

UV – spectroscopy. 
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Fig. 2.7 the reduction mechanism to obtain reduced graphene oxide (RGO) from graphene 

oxide(GO)[165]. 

 

 

Fig. 2.8. (a) Thermal conductivity, (b) Young’s modulus and (c) tensile strength of the GO thin film 

heated at a different temperature.[166] 
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2.4 Literature review on source graphite size effect on the GO 

and RGO synthesis: 

Graphene oxide(GO)  is produced by the chemical method by oxidizing the graphite precursor in a 

suitable oxidizing agent. This chemical method can be used to produce a large-scale production of 

graphene. But the production of GO depends on the source of the graphite, the size of the graphite 

and crystallite size of the graphite. Cristina Botas et al. [61] have studied the effect of the parent 

graphite on the structure of graphene oxide. In this work, they have used two synthetic graphite such 

as flow domains and mosaics which are represented by G1 and G2 respectively and the GOs was 

synthesized by the modified Hummers method. In this work, they have reported that the smaller 

crystallite size of the graphite of GO consists of more carboxylic groups those are present at the 

edges of the sheets but in the case of larger size crystallite GO, more epoxy groups are attached to 

the basal plane of the sheets as shown in Fig. 2.9.  

 

Fig .2.9. Influence of the graphite source sizes on the GO structure [171]. 

Cristina Botas et al[172], have reported that the larger crystallites are more favorable for exfoliation, 

which has large sheets yield within shorter sonication time comparison to the smaller crystallite size 

as shown in Fig.2.10 and also have mentioned that the yielding is independent of the oxygen content 

in the graphene oxide. In 2014 Minh-Hai Tran et al. [173] have studied the graphite size effect on 

the electrochemical performing of the reduced graphene oxide reduction by using the hydrazine. In 

this, they have used the natural graphite source with different graphite size such as 20, 74 and 

149µm. they have synthesized the GO  by using modified Brodie method and then followed by 

reduction with the low and high quantity of hydrazine. They have mentioned that among all the 
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graphites, larger size graphite has more crystalline than smaller size as analyzed by XRD.  They 

have also reported that the reduction process depends on the size of the graphite. In which the 

graphite oxide synthesized from the smaller size graphite shows more reduction than the graphite 

oxide synthesized by using larger size graphite. The reduction of the graphite oxide can influence 

the electrochemical properties for using in the energy storage applications.  

 

 

Fig .2.10. Size effect the source graphite on the exfoliation yield of GO by varying the sonication time 

[172]. 

.                 Haiyang Xian et al. [174] have investigated the size and structure of the graphene oxide 

prepared by modified Hummers method using the natural graphite flakes with different sizes such as 

-200, -100,+150,+80 and +50 mesh. In this work, they have observed that the obtained graphene 

oxide sheet size is smaller than graphite size and also mentioned that the graphite particle size 

impacts the oxidation process. Smaller particle size graphite can be easily oxidized, it contains more 

defects, and large size particles contains fewer defects. Haoran Yu et al. [175] have studied the 

importance of the raw graphite size to the capacitive properties of the graphene oxide. In this work, 

they have chosen different graphite size of natural graphite. Such as 2000mesh, 800mesh, and 

100mesh. The graphite oxide was prepared by modified Hummers method. They have reported that 

the  ID/IG ratio is all most same for the three samples from the Raman analysis and the interplanar 

distance are 0.782nm,0.789nm and 0.811nm for the 2000mesh,800mesh, and 100mesh respectively. 

These results indicated that the larger size of the graphite, GO possess higher interplanar distance 

than smaller particles size of graphite GO due to the presence of the hydrogen bonding of the 

intercalated water molecule. They have also reported that the smaller graphite that smaller size 

graphite GO contains more oxygen functional groups than larger size graphite GO. They have 
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measured the specific surface area 32,89and 62m2g-1 of 2000mesh, 800mesh and 100mesh 

respectively.  Since,  smaller size shows the high surface area, but in this case, smaller graphite size 

GO showed less surface area because of agglomeration or damage of structure due to the contains 

the more oxygen functional groups, forming of hydrogen bonding in the intercalated water 

molecules. The surface area can be improved by the freeze-drying of the GO material then removal 

of the water molecules. They have also observed that equivalent series resistance is same for all the 

three samples, but charge transfer decreases with increasing the graphite size. They have also 

reported that the large size graphite such as 100mesh and 800mesh size, have faster and slow 

diffusion ions which form the different pore size distribution. They have reported that the specific 

capacitance 94.4, 33.1 and 11.7F for the 100mesh, 800mesh, and 2000mesh respectively as shown 

in Fig. 2.11 (a). The 800mesh sample shows a high surface area, but it has less capacitance because 

it has more charge transfer. Therefore, the capacitance depends on the specific surface area, pore 

structure, and electrical conductance of the GO. They have also studied specific capacitance with the 

cycle numbers and shown in Fig. 2.11 (b), that indicates that the all three samples have good 

stability up to 1500 cycles.  

 

Fig .2.11. (a) The specific capacitance vs current density in 6M KOH, (b) the specific capacitance vs 

cycle numbers for the GO synthesized by different sizes source graphite  [175]. 
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2.5 Literature review of Alumina /Graphene ( Al2O3/GO or 

Al2O3/RGO) nanocomposites 

K.Wang et al. [176] have synthesized the graphene nanosheet/alumina composite by using the SPS 

(Spark Plasma Sintering) method. In this process, they have initially prepared GO by MHM, and 

then, 20g of α alumina nanoparticles (particles 72nm size) was dispersed in 100ml of water. After 

that, the solution was Sonicated for 30mints as shown in Fig 2.12(b) then the  GO solution (as 

shown in Fig 2.13(a) ) was slowly added to the alumina solution with stirring then obtained material 

was reduced using the hydrazine monohydrate at 600C for 24h. Finally, the composite powder was 

sintered by SPS at 13000C. 

 

 Fig 2.12. (a) GO solution, (b) alumina solution, (c) mixed solution of GO and alumina and (d) reduced 

graphene –alumina composite.[176]. 

In this work, they have reported the mechanical and electrical properties such as fracture toughness 

and electrical conductivity by using the four-point probe method. They have reported that fracture 

toughness is 5.21MPam-2 and electrical conductivity is 172Sm-1. As shown in Fig.2.13, they have 

mentioned the agglomeration of GO with alumina.The structural study was done by the XRD of 

graphene /alumina composite shown in Fig 2.14 [176].  They have observed that the composite 

exhibits the higher angle shift compare to the pure alumina due to the residuals stress because of 

diffusion of carbon atoms into alumina grains. 
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Fig. 2.13 Shows the SEM image of graphene/alumina in powder form [176] 

 

Fig.2.14 XRD pattern of alumina/graphene nanocomposite and pure alumina[176]. 

 

Yuchi Fan et al. [177] have prepared the few-layer graphene /alumina nanocomposite by using the 

titration method then followed by SPS. In this work, they have to synthesized GO used by MHM 

and chosen α- alumina (particle 200nm size). In this process, they have prepared low and high GO 

content nanocomposite and sintered at 13000C. Figures 2.15 and 2.16 showed the morphology of 

low and high content of GO for FG / alumina nanocomposite by SEM and TEM respectively. They 

have reported that GO thin sheet wrapped on the alumina surface. They have also studied the 

structural change by Raman, as shown in Fig. 2.17.   
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Fig 2.16. The morphology of graphene /alumina nanocomposite for low content (1.92wt. %) of GO.( a) and 

(b)  shows the SEM images of low and higher magnification respectively and ( c) and (d) TEM images of low 

and higher magnification of c image box location respectively [177]. 

 

They have also studied the structural change by Raman, as shown in Fig. 2.17.  All the samples 

show the defects bands due to the high-temperature sintering process. (as shown in Fig.2.17) The 

electrical properties and the percolation threshold value was also found at 0.38 vol% of FG/ alumina 

nanocomposite and seen that the electrical conductivity increases with the increasing the GO 

content. They have observed the type of charge carriers by Hall Effect measurement and mentioned 

that at a low content of GO it behaves as p-type and at high content GO it has n-type charge carriers, 

as shown in Fig 2.18. Harshit Porwal et al.[178]  have reported the synthesis of the graphene 

reinforced alumina nanocomposite by SPS method. In this process, graphene was prepared by liquid 

exfoliation method by sonication using a different solution such as NMP and DMF and taken α-

alumina particle size was 200nm which was added to the graphene solution and then finally ball 

milled. The obtained powder was sintered at 13500C by SPS.  In this process, they have used the 

different content of the graphene, to investigate the mechanical properties such as fracture toughness 

by chevron notch and indentation methods. These results are shown in Fig 2.19. 
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Fig 2.16. The morphology of graphene /alumina nanocomposite for high content (11.5wt. %) of GO. a and b 

shows the SEM images of low and higher magnification respectively and c and d TEM images of low and 

higher magnification of c image box location respectively[177]. 

 

 

 

Fig 2.17. Raman spectra of different GO content of FG/ alumina nanocomposite with graphite and 

GO[177]. 
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Fig 2.18. (a) Electrical conductivity and (b) Hall coefficient (RH) plotted against filler volume fraction 

for FG/Al2O3  nanocomposites [177]. 

 

Fig. 2.19.  The fracture toughness with respective to different graphene content of the alumina 

/graphene nanocomposite[178]. 
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 From the Fig.2.19, it is observed that the fracture toughness increases initially up to 0.8 vol% then 

decrease with increasing graphene content. It is seen that at 5 vol% of the graphene content, fracture 

toughness value is very low, because of the info connected graphene network which forms weak 

interface, so the indentation method measure only the local toughness values which give the lower 

values. Hence indentation method is not suitable for the higher graphene content nanocomposites. 

Agnieszka. M.T.  and Andrzej. R.O.[179], have developed the RGO/Al2O3 nanocomposite by the 

dry sol-gel method. This process is showed in Fig 2.20.In this work, they have studied the 

morphological and surface area of the nanocomposites. The Fig.2.21 and 2.22 show the morphology 

of the RGO/alumina nanocomposite by SEM and EDS. The alumina nanoparticles are uniformly 

decorated on the surface of RGO sheet. The RGO/alumina nanocomposite consists of a high surface 

area (242.4 m2/g) in comparison to the GO surface area (227.8 m2/g). in this process, the molecular 

linker is not needed and incorporate very fewer impurities in the obtained nanocomposite. They 

have reported that this nanocomposite can be utilized as catalytic, sensor, energy storage and 

optoelectronic applications. 

 

 

Fig.2.20.  Synthesis process of RGO/alumina nanocomposite by dry sol-gel [179]. 
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Fig .2.21(a) and (b) SEM images of GO and RGO/alumina nanocomposite respectively [179] 

Ben Lee et al[180] have investigated the mechanical properties of the RGO/alumina composite 

which was prepared by the molecular level mixing process. In this process initially, they have 

prepared GO by MHM then mixed with alumina precursor Al(NO3)3.9H2O and stirred for 12h. 

Finally, the sample was heated at 1000C and the finally sample again heated at 3000C  to obtain 

RGO/ amorphous alumina nanocomposite. After that the power was ball milled for 12h then sintered 

at 14000C by SPS is shown in Fig 2.23 (a). they have observed that the alumina phase changes in the 

nanocomposite as shown in the  Fig 2.23 (b). there are three stages of phase change occurs for the 

obtained alumina/graphene nanocomposite with variation in the temperature case shown in 

Fig2.23(b). In the first stage, amorphous alumina/graphene composite is formed. In the second stage  

 

 

Fig 2.23. Shows the SEM images of RGO/alumina with EDS corresponding the different places (a) is 

EDS on the RGO surface and (b) shows the at alumina point[179]. 
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γ-phase, alumina and 3rd stage α-phase alumina are present in the nanocomposite. They have also 

studied the mechanical properties of the nanocomposite with varying the RGO content in 

RGO/alumina composite, as shown in Fig 2.24(a). It is seen from the Fig 2.24(a), that has the RGO 

content increased 0 to 3 vol% the hardness also increases from 2008 to 2294HV of RGO/ alumina 

composite and flexural strength also increases from 350 to 425MPa. Fracture toughness also 

increases with increasing the GO content as shown in Fig 2.24 (b) [180]. 

 

 

 

Fig. 2.23. (a) Schematic diagram of SPS process for preparing the reduced GO/alumina composite (b) 

SPS behavior of composite material (RGO/alumina) with temperature [180]. 

 

 

Fig 2.24 (a) Vickers hardness and (b) fracture toughness of the  Al2O3/ RGO[180]. 
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          A.M.Jastrzebska et al [181] have synthesized the RGO/alumina (40wt% of GO) core-shell 

nanocomposite based on their previous report [179] changing the alumina precursor and GO 

dispersed solution, and this process is shown in fig 2.25. In this work, they have investigated the 

structural, morphological and electrostatic properties of RGO/Al2O3 nanocomposite and the 

obtained material is confirmed by Raman and FIR analysis. Which indicates that the quality of 

RGO/Al2O3 nanocomposite as shown in Fig 2.26 (a)  and (b)  respectively [181]. The morphological 

study was done by using the SEM and as shown in Fig. 2.27. As shown in Fig. 2.27, RGO/Al2O3 

nanocomposite is not agglomerated as compare to the individual alumina nanoparticles 

agglomeration because of the high surface area of the nanoparticles[181]. The structural analysis 

results from the  TEM and XRD confined that the alumina nanoparticles are in the γ-phase due to 

the low temperature (at 3000C) synthesis process. The electrostatic properties are measured by using 

the zeta potential, for the different solutions such as DIW, electrolyte and drinking water for the GO, 

alumina and RGO/Al2O3 nanocomposite and have observed that these materials show the different 

charge properties as shown in figure 2.28. 

 

 

Fig. 2.26. Shows the dry sol-gel method for to prepare RGO/Al2O3 nano composite[181]. 
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Fig. 2.27. (a) Raman spectra and (b) FTIR spectrum of RGO/Al2O3 nano composite[181]. 

 

 

Fig . 2.28. SEM images of (a) GO flakes,(b) RGO/alumina nanocomposite  and (C) alumina Nano 

powder[181]  
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Fig . 2.29. Shows the zeta potential curves of (a) distill water,(b) electrolyte, (c) drinking water for the 

GO, alumina, RGO/Al2O3 nano composite[181]. 

Their results indicated that RGO/Al2O3  is not an electrically conductive but can be useful in the 

capacitance, charge screening and energy storage capacity applications.  Kaleem Ahmad et al [182] 

have investigated the electrical and dialectical properties of alumina/ graphene nanocomposite. In 

this work, they have prepared the GO by MHM and then reduced thermally at high-temperature 

10000C and represent as TRGNS, and dispersed in isopropanol simultaneously by sonication and 

stirring for 30min. Then, they have taken the alumina (200nm) particles dispersed in isopropyl 

alcohol sonication stirred for 30min, finally slowly added to the TRGNS solution, followed by 

sonication and stirring for 30min at the same time. Then this solution was ball milled for 24h, and 

then the obtained material slurry was dried in hot water at 800C, dried at 900C for 12h. They have 

sintered this material at 15500C by SPS. This process showed in the figure 2.29. In this process, they 

have prepared graphene /alumina composite with different content 0 to 5 vol% of the TRGNS. 
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Fig. 2.30. Synthesis graphene/alumina nanocomposite by colloidal mixing process and SPS[182]. 

The morphology is shown in figure 2.30, for low content of the TRGNS in graphene/alumina 

composite, as shown in the Fig. 2.30,  thin graphene network and high content show the thick 

graphene network through the alumina boundaries. They have measured the DC conductivity of the 

graphene/alumina composite, for varying % graphene as a filler as shown in Fig.2.31(a) Which 

indicates that the DC increases when the graphene content increases in the composite, up to 0.74 

vol% and then saturates. They have also shown the temperature depends on the DC conductivity of 

the graphene/alumina composite for 1.5 vol% of the graphene as shown Fig. 2.31(b) and composite 

have a linear increment of the conductivity with temperature, but in case of 1.5, vol% the partly 

increment is observed because in the 5 vol % nanocomposite the electrons can be transformed 

between interconnected of graphene sheets due to the thick network graphene sheets. Therefore 

5vol% content of graphene shows the more metallic behavior in comparison to that of 1.5 vol% of 

graphene content in the graphene/alumina nanocomposite. Fig 3.31(d) shows the frequency and 

dielectric constant with different graphene content in graphene/alumina composite. This result 
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indicates that the dielectric constant increases with increase in graphene content of 

graphene/alumina nanocomposite due to the reduced oxygen functional groups. They have reported 

that these materials can be used in communication, space, defines and automobile industry due to 

the tunable electrical conductivity. 

 

Fig. 2,31. SEM images of the graphene/alumina nanocomposite after sintering , (a)  1vol% graphene/alumina 

composite ,(b) thin graphene network in the alumina for 1vol% , (c) 1.51vol% graphene/alumina composite  

and (d) thick  graphene network in alumina for 1vol% [182]. 

 

 

Fig. 2.32. (a)  DC conductivity of the graphene/alumina nanocomposite vol% of the grain as pillar,  (b)  DC 

conductivity of the  1.5 vol% graphene content  composite with varying the temperature, (c) DC conductivity 

of the  5 vol% graphene content  nanocomposite with varying the temperature and (d) frequency vs dielectric 

constant with different graphene content in graphene/alumina composite[182]. 
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 2.6 Current challenges and issues 

From the recent literature, we have concluded that graphene oxide can be synthesized by a chemical 

process which is a simple, cost-effective and more economical. Further, the obtained GO can be 

reduced by using suitable reducing agents to obtain reduced graphene oxide(RGO), which has a lot 

of potentials to be used in several applications. However, most of current studied mainly focus on 

the synthesis of the graphene oxide and the corresponding reduced graphene oxide by using one size 

graphite precursor material (~45µm).  Therefore, the impacts of the different size graphite 

precursors ( very smaller to a larger size) as starting material for synthesis of GO and RGO and the 

details study of the oxidation process, structure, Morphology, bonding characteristics etc are not 

addressed to our best knowledge. Therefore, there is a lack of clear understanding of the influence of 

different sizes graphite precursor on the synthesis of GO and RGO by a chemical process.  Thus, 

these issues and challenges need to be addressed. Further, the oxidation reaction temperature is a 

key factor for controlling the properties of the GO, and further, the quality of RGO obtain from the 

as-synthesized GO. Hence, the influence of the reaction temperature of the oxidation process need to 

be addressed and a more details investigation of its effects on the structure, morphology, bonding to 

be required. Moreover, the reduction of GO to RGO is generally carried out in a few solutions, so 

more work is still required to understanding the solution effects on the reduction of GO to RGO. 

        In the second part of literature review part, we have thoroughly searched all the recent literature 

on the synthesis and characterization of the graphene/alumina nanocomposite for its potential to be 

utilized as potential materials for several applications such as energy, storage devices, capacitors, 

memory devices and so.on. Though, there are several existing syntheses processes has been reported 

by several groups and also mentioned that electrical and mechanical properties can be improved by 

fabrication of the graphene alumina nanocomposite. It is observed that most of the reported work 

has chosen the α – phase alumina nanoparticles to synthesize the nanocomposites due to the stable 

phase of the alumina. Also, few reported work are existing, where they have prepared alumina by 

choosing the alumina precursor to synthesize the alumina by chemical processes such as sol-gel 

method, finally fabricating the graphene/alumina nanocomposites. Moreover, the most of the 

reported work mainly focuses on the fabrication of the bulk materials by SPS process and then to 

investigate the different properties of the nanocomposites. 

       Therefore, to the best of our knowledge, still, there is a lacking of clearly understanding the 

graphene /alumina nanocomposite structure, morphology, and bonding characteristics, when γ – 
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phase alumina is employed as matrix material insisted of α – phase alumina. Further, the as the 

obtained powder form of the graphene /alumina nanocomposite need to be studied in details, as 

these powder form can be used as starting material for thin films formation, for another hybrid 

material synthesis and also for utilizing as filler material for more complex hybrid material 

fabrication. 

          Thus there are still more challenges are there to clearly understand the GO and RGO synthesis 

process by a chemical method and also for fabrication of graphene /alumina nanocomposites for 

effectively using these materials for mass production and also for several practical applications. 

 

2.7 The motivation and objective of the thesis 

The main objective of this thesis work is to investigate the influence of the oxidation reaction 

temperature (at lower and also higher temperature), and other synthesis parameters on the structure, 

morphology, bonding characteristics of the GO and RGO synthesis by chemical method mainly 

modified Hummers Method (MH). The second objective is to study the impact of the γ phase 

alumina as matrix material for the synthesis of graphene/alumina nanocomposite. Further, the 

influence of the different additives on the synthesis process, structure, morphology, and bond 

formation of the GO/RGO alumina nanocomposite are invetsiagted for obtaining a potential 

nanocomposite material for using as catalytic, sensor, energy storage and optoelectronic 

applications. 

2.8 Thesis outline 

Chapter 1 deals with the introduction of the nanomaterials, nanotechnology and graphene properties 

and applications. Chapter 2 involves the current literature review, challenges, and issues. Chapter 3 

deals with the influence of the chemical synthesis parameters on the structural, morphology,  

bonding and thermal properties of GO and RGO synthesis by MHM. Chapter 4 deals with the 

influence of the precursor graphite size on the structure, morphology, and bonding characteristic of 

the graphene oxide and reduced graphene oxide. Chapter 5 deals with the influence of synthesis 

parameters on the synthesis of GO/RGO-Alumina Nanocomposite by the colloidal mixing process. 

Chapter 6 deals with the influence of GO wt% in the formation of RGO-Al2O3 Nanocomposite. 

Finally, chapter 7 describes the conclusions, limitations, and scope of future work .  



50 
 

 

Chapter-3 

Influence of the chemical synthesis parameters on the 

structural, morphology, bonding and  thermal 

properties of GO and RGO synthesis by MHM  

 

3.1 Introduction 

This chapter deals with the study of the impact of different chemical synthesis’s parameters such as 

oxidation temperature with equal ratios(1:3:23 for graphite: KMnO4: H2SO4)  and the synthesis are 

represent as reaction 1, reaction 2 and reaction 3. These reactions are reduced by the chemical (using 

the hydrazine hydrate) and thermal reduction. 

3.2 Effect of reaction temperature (low temperature) on the 

synthesis of GO and RGO by MHM 

 
3.2.1 Materials  

Graphite (≥ 99.99% Sigma-Aldrich) used was having a particle size of ≤ 45μm, Sodium Nitrate 

(NaNO3, 99.0% Sigma-Aldrich). Potassium Permanganate (KMnO4, 99.5% Merck) and 

concentrated Sulphuric acid (abt. 98%)  Hydrogen Peroxide (30%) was purchased from SDFCL 

India. DI water was also used for this reaction.  

3.2.2 Synthesis of GO at three different lower reaction temperature 

Graphite oxide was synthesized from graphite powder by modified Hummer’s method. 

graphite powder was first added into the concentrated H2SO4 and NaNO3 taken in the 2000ml 

beaker in Ice bath string for few mints.Under stirring, the mixture was cooled to 50C using an ice 

bath. KMnO4 was then gradually added under cooling and stirring, and also keep the temperature 

below 50C, then removing the Ice bath and stirring for at RT on the hot plate. Increased temperature 

RT to the different temperature shown on the table and stirring. The increased temperature to 980C 

during the high-temperature stage adding the DI water at 980C stirred and further diluted with DI 
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water. After that, 30% H2O2was added to the mixture to reduce the residual KMnO4. After washing 

with DI water several times and 35% HCl 2times used (each time 80ml) until pH value reached to 7, 

the as-obtained graphite oxide (GO) was collected by centrifuging and filtering and drying. The 

resulting graphite oxide (GO) was dried at 1000C for12 h in a vacuum oven.the synthesis parameters 

showed in table 3.2.1.These graphite oxide samples are thermally reduced at 3000C in a furnace in 

air condition. All the synthesis carried out in the same ratio of graphite: KMnO4: H2SO4 in  1:3:23. 

Table 3.2.1.Graphite oxide synthesis parameters by MHM (Graphite : KMnO4: H2SO4 :: 1:3:23) 

 

Parameter Reaction 1 

(1:3:23) 

Reaction 2 

(1:3:23) 

Reaction 3 

(1:3:23) 

Graphite 

H2SO4 

NaNO3 

4gm 

92ml          

2gm 

2gm 

46ml            

1gm 

5gm 

115ml      

2.5gm 

KMnO4 12gm 6gm 15gm 

Stirring time 2h 1h 1h 

Temperature and 

stirring time 

45ºC 

15h 

40ºC 

15h 

35ºC 

2h 

DIW & Stirring time 184ml & 30min 92ml & 15min 230ml & 15min 

DIW & H2O2 560ml & 40ml 280ml & 20ml 700ml & 50ml 

HCl 80ml 80ml 80ml 

Drying temperature & 

Time 

100ºC & 12h 100ºC & 12h 100ºC & 12h 

 

3.2.3 Synthesis of reduced graphene oxide (RGO) 

Graphite oxide was taken in a beaker and 500ml DI water was poured then sonicated for an obtained 

clearer solution. Then Hydrazine hydrate was added to the graphene oxide solution then heated 

1200C and stirring. This experimental was going on hotplate by using the vegetable oil both. After 

completion of the reaction, we observed that in the DIW, the solution appearing in black colored but 

the material looked like weight loss and formed on the surface of the solution. These samples were 

washed with DIW and obtained PH=7 and filtered with a vacuum pump and dried at 1200C in the 
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Oven for 12h and the reaction parameters are followed in table 3.2.2 and also these samples 

followed thermal reduction at 3000C. 

Table 3.2.2: Parameters for synthesis of Reduced Graphene Oxide(RGO) 

 

 

3.2.4 Structural analysis by XRD 

Fig.3.2.1 shows the graphite pattern of XRD. The graphite has interplanar distance is d=0.334nm at 

2θ=26.6 and crystallite size was measured by the from the brags law, D= 23.08nm and the peak of 

intensity is 44280(a.u). the shape of the peak is very very narrow which represents the layers are 

arranged in regular and exhibits the big size of the crystallite size due to the low FWHM value is  

0.3593º. Fig.3.2.2. (a)  shows the XRD pattern of the combined plot of graphite oxides for all 

reaction (1),2 and 3 and their corresponding peak positions, interplanar distance d ( calculated by 

using the Brag’s law) and crystallite size D ( by using the Scherr formula) showed in table 3.2.3. We 

observed that the graphite basal plane (002) was shifted to the higher interplanar distance for all 

samples (showed in table 3.2.3) due to the oxygen functional groups attached to the graphite layers 

which indicates the complete oxidation happened. But three samples show the different peak 
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positions such as 2θ = 12.3,12.6 and 13.5 and also the corresponding interplanar distances are 

0.72,0.696 and 0.655nm of reaction (1),2 and 3 graphite oxide respectively.  

 

Fig. 3.2.1. XRD pattern of graphite (size 45µm). 

 

So that these samples have may be different oxygen functional groups or these samples have 

different quantity of similar functional groups. Even though we are using equal ratios of reaction 

agents, these samples show the different interplanar distances. This may happen due to the reaction 

conditions such as temperature and time. Because the synthesis is done at different temperature 

45,40 and 350C and also reaction time was 15h,15h, and 2h   for reaction (1),2 and 3 respectively. 

So that we clearly observed that when changing the slight variation in temperature oxidation levels 

are different for equal ratios of graphite: KMnO4: H2SO4 and also observed that when reaction time 

was same for reaction 1 and 2 with different temperature, reaction 1 shows the more oxygen 

functional groups indication by the due to the higher interplanar distance. These samples are dried at 

1000C for 12h, that means mostly water molecules are may be removed so that these graphite oxide 

samples have fewer water moles in the samples. So that these samples can exhibit different oxygen-

related groups or depends on the number of similar functional groups. The crystallite sizes of these 

samples have different showed in table 3.2.3. the reaction 1 and 2 have nearly same such as 5.8 and 

6.1nm and reaction  3 has crystallite size is 4.8 nm. Even we are using the same size of graphite 

(<45µm) with equal ratios of synthesis agents, these samples show the different crystallite sizes so 

that the crystallite size varying with the reaction temperature. The reaction 1 and 2 have similarly 

crystallite size but variation in their intensity. Reaction 1 has more intensity than other two samples 

which indicates this sample may have more crystallinity than other two samples. 
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Fig.3.2.2 XRD pattern of the different graphene derivatives of reaction 1,2 and 3. (a) graphite oxides 

of reaction 1,2 and3, (b) chemically reduced graphene oxide of 1,2 and 3 reactions, (c) thermally 

reduced graphene oxide at 3000Cof 1,2 and 3 reactions and (d) thermally reduced of the chemically 

reduced sample. 

 

Table 3.2.3 XRD peak position, interplanar distance, and crystallite size of reaction 1, 

2 and 3 for the graphite oxide 

 

Sample 

name 

2θ0 

 

d  

nm 

D 

nm 

I 

(a.u) 

Shape of  the 

peak 

FWHM0 

GrO1 12.3 0.72 5.804 3390 Semi Broadening   1.42 

GrO2 12.6 0.696 6.09 930 Broadening  1.36 

GrO3 13.5 0.655 4.84 990 More Broadening 

 

1.7 
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Figure 3.2.2. (b)  shows the XRD pattern of the combined plot of chemically reduced graphene 

oxides for all reaction (1),2 and 3. Reduced oxygen functional groups by using the reducing agent 

such as hydrazine hydrate, the interplanar distance was decreased (shown in table 3.4).  which 

indicates the oxygen functional groups are reduced.All three samples show the nearly same peak 

position at 21º represents the hydrocarbons presence and 25º peak indicates the formation of 

graphene structure. The broadening of the peaks represents the reduction in the size of the sp2 

domains in the graphene and also provide the information about the disorder of graphene layers. The 

broadening of the graphene peak gives the reduced of the no of layers of graphite, which represents 

the all three samples formation of the few-layer graphene but variation in their intensity which 

represents, these samples are may have different crystallinity.  

Table 3.2.4 XRD peak position, interplanar distance, and crystallite size of reaction (1),2 and 3 for 

the chemically reduced graphene oxide(CRGO) 

 

Sample 

name 

2θ0 

 

d 

nm 

D 

nm 

I 

(a.u) 

Shape of  the 

peak 

FWHM0 

 

CRGO1 

 

20.5 

25 

 

0.4 

0.357 

……. 

……. 

7 

50 

1200 

 

Semi Broadening 

Broadening 

…… 

…… 

 

CRGO2 

 

20.9 

25 

 

0.425 

0.357 

…….. 

……. 

 

750 

700 

 

Semi Broadening 

Broadening 

…….. 

…….. 

 

CRGO3 

 

21 

25 

 

0.42 

0.357 

…….. 

……. 

 

1250 

1300 

 

Semi Broadening 

Broadening 

…….. 

…….. 

 

Figure 3.2.2. (c)  shows the XRD pattern of the combined plot of thermally reduced graphene oxides 

for all reaction (1),2 and 3. Table 3.2.5 shows the corresponding the XRD values. From this table, 

we can say that the oxygen functional groups are removed from chemically reduced samples but 

variation in the formation of the hydrocarbon-related groups. The reaction 1 only showed the 

hydrocarbon-related groups and in reaction 2 and reaction 3 these groups are absent. The reaction 3 

and 2 have same peak position that means same interplanar distance and the crystallite size also 

same but variation in the intensity showed in table 3.2.5. 
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Table 3.2.5. XRD peak position, interplanar distance, and crystallite size of reaction (1),2 and 3 for 

the thermally reduced graphene oxide(TRGO) 

 

 

 

 

 

 

 

 

Table 3.2.6  XRD peak position, interplanar distance, and crystallite size of reaction (1),2 and 3 for 

the thermally chemically reduced graphene oxide(TCRGO) 

 

 

 

 

 

 

 

 

Fig.3.2.2. (d)  shows the XRD pattern of the combined plot of thermally reduced of chemically 

reduced graphene oxides for all reaction (1),2 and 3. These samples show the structural deviation 

from the chemically reduced samples. In the case of chemical reduced samples shows the two peaks 

but double reduced samples show the single peak at2θ= ~24 and interplanar distance (d) = ~ 

0.36nm. 

 

Sample 

name 

2θ0 

 

d  

nm 

D 

nm 

I 

(a.u) 

Shape of  the 

peak 

FWHM0 

TRGO1 21 

24.5 

0.42 

0.364 

……. 

……. 
853 

790 

Broadening 

Broadening 

…… 

…… 

TRGO2 24.4 0.364 1.7 225  Broadening 

   

4.99 

TRGO3 24.4 0.364 1.7 400   Broadening  5 

Sample 

name 

2θ0 

 

d  

nm 

D 

nm 

I 

(a.u) 

Shape of  the 

peak 

FWHM0 

TCRGO1 22.9 

25 

 

0.389 

0.57 

…….. 

……. 

310 

420 

Semi Broading 

Broading 

…… 

…… 

TCRGO2 23.6 0.376 2.08 730  Broadening 

   

4.04 

TCRGO3 23.9 0.359 2.425 970   sharp 3.5 



57 
 

3.2.5 Molecular structure and disorder by Raman analysis 

Raman technique is mostly used for the carbon-based materials and also find out the quality of 

the graphene. In this work, we used the 532 nm LASER wavelength and all samples are in the 

powder form. Fig. 3.2.3 shows the Raman spectrum of graphite (<45µm size). It shows that more 

sharp peak at 1583cm-1, which represents as G band arising from the E2g phonon mode of high-

frequency first order mode. This is the most responsible for the “ in-plane atomic displacement. the 

sharpness of the peak indicates it has large crystallite size and also this represents the sp2 carbon 

network of graphite. The Very weak intensity and sharp peak appearance at 1356cm-1 represent as D 

band due to the aromatic rings of breathing mode and also this peak may be shows the defects or 

disorder and reduction of graphite domain size. One more weak peak appearance at 2452 cm-1, 

indicates the second order Raman spectrum. Another important sharp peak at 2706 cm-1, which 

represents a 2D band of an overtone of D band. From this peak to measure the no of layers by the 

intensity and 

 

Fig. 3.2.3 Ramana spectrum of graphite (<45µm size) 

 

shape of the peak. And also find out the graphene nature from the peak shift. One more second order 

weak peak appearance at 3246 cm-1, which is an overtone of the 2D band and represent as 2D’. This 

mode “ can allow without defects”. 
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           Fig. 3.2.4 (a)  shows the Raman spectrum of reaction (1),2 and 3 of graphite oxides.which 

shows the broadening of the G peak and D band. this represents the oxidation was happened and all 

three samples show the suppressed of the 2D band. and also appearing the broad hump in this 

region. Comparative to graphite, these samples show the increase in ID/IG ratio of graphite oxide  

which indicates the change of graphite domain size may reduce and formation of the disorder . in all 

 

Fig .3.2.4. Raman spectrum of different graphene-based materials of Reaction 1,2, and 3. (a) 

graphite oxide of Reaction 1,2, and 3, (b) Reduced graphene oxide of Reaction 1,2, and 3, (c) 

thermally reduced graphite oxide of Reaction 1,2, and 3 and (d) thermally reduced of chemically 

reduced samples of Reaction 1,2, and 3. 

 

three samples show the new peak appearance of the D+G band and disappearance of the G* and 2D’ 

bands showed in Table 3.2.6. This indicates the out-of-plane related to the functional groups formed 
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in the graphite oxide. In the graphite oxide, the out-of-plane functional groups are carbonyl and 

carboxyl groups formed. In the Table 3.2.6 shows,  the three reactions have different band position 

of G. In the case of reaction (1)  shows the 1581cm-1, reaction (2) has 1597cm-1 and reaction three 

shows the 1586 cm-1. Generally, the graphite oxide case G band position was a redshift of the 

graphite position. In the reaction (1) shows the blueshift of the G peak which  

Table.  3.2.6  Raman Analysis of  GO for reaction 1, 2 and 3 

Sample 

name 

D 

band 

cm-1 

G band 

cm-1 

2D band 

cm-1 

G*band 

cm-1 

D+G band 

cm-1 

2D’band 

cm-1 

ID/IG I2D/IG 

R1-GrO 1343 1582 …… ……. 2910 ……. 0.95 …… 

R2-GrO 1349 1597 ……. …… 2910 …….. 0.93 …… 

R3-GrO 1342 1587 ……. …….. 2919 …….. 0.97 …… 

 

Table.3.2.7 Raman Analysis of  chemically reduced RGO for reaction 1, 2 and 3 

Sample 

name 

D 

band 

cm-1 

G band 

cm-1 

2D 

band 

cm-1 

G*band 

cm- 

D+G band 

cm-1 

2D’band 

cm-1 

ID/IG I2D/IG 

R1-RGO 1347 1586 2690 2437 2926 ……. 1.12 0.55 

R2-RGO 1343 1580 2678 2445 2904 ……. 1.13 0.57 

R3-RGO 1344 1582 2676 2436 2926 ……. 1.15 0.51 

 

indicates that it contains the less epoxy, hydroxyl and water molecules. The blueshift can happen 

when the double bond related functional formed.This may be happened to form a new peak appears 

at the D+G band and also a 2D band at 2670cm-1 which shows the blue shift from the graphite 

indicates that this material shows the graphene-related structure. Fig.3.2.4 (b) shows the combined 

plot of chemically reduced graphite oxide by hydrazine hydrate and the band positions showed in 

table 3.2.7. We observed that these band positions are completely changed compared to the graphite 

oxide samples. Which indicates the reduction happened. The ID/IG ratios are changes like, increased 

comparative graphite oxides showed in the table, which means that the chemical reduction was 

introduced the defects or disorder or reducing the size of SP2 domains or newly formed SP2 carbon 

network. After reduction, the 2D band's intensity is increased and these bands are not observed in 

the graphite oxide samples but in this range, the broad hump was there. These samples have 
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different I2D/IG ratios, that means a different number of graphene layers are formed. These ratios are 

less thane graphite ratio and the 2D band positions are blueshift from the graphite 2D band position, 

which indicates these samples exhibit the graphene nature, removing the oxygen-related functional 

groups and obtained SP2 carbon network. G* band appear in all samples, this band was absent in the 

graphite oxide samples. This band also observed in the source of graphite sample, so that these 

samples have recovered from graphitic nature. All three RGO samples show the G+D band positions 

this indicates the defects or disorder in the samples. 

Fig. 3.2.4 ( c) shows the graphite oxide samples are thermally reduced at 3000C in the air and the 

corresponding band positions showed in table 8. These samples are exhibits the band position and 

intensity variation,  completely different from the graphite oxide and chemically reduced graphite 

oxide samples. These samples are not showing 2D band particularly comparative to  CRGrO 

samples. We also observer that the ID/IG ratios are increased compared to graphite oxide sample and 

decreased with chemically reduced samples which mean that formation of SP2  carbon domains may 

be larger size comparative CRGrO samples. G* band is absent in these samples comparative 

chemically reduced graphite oxides and also G+D band was more intensity than CRGO samples. 

The G band position is red shifted compare to CRGO samples. 

Table:3.2.8  Raman Analysis of thermally reduced RGO for reaction 1, 2 and 3 

Sample 

name 

D band 

cm-1 

G band 

cm-1 

2D 

band 

cm-1 

G*band 

cm-1 

D+G 

band 

cm-1 

2D’band 

cm-1 

ID/IG I2D/IG 

R1-GrO 

At 3000C 

1347 1586 ……. …… 2903 …….. 0.99 ……. 

R2-GrO 

At 3000C 

1350 1585 …….. ……. 2932 ……. 0.97 …… 

R3-GrO 

At 3000C 

1353 1591 ……. ……. 2915 …….. 1.003 ……. 
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Table : 3.2.9 Raman Analysis of  chemically and thermally reduced RGO for reaction 1, 2 and 3 

Sample 

name 

D 

band 

cm-1 

G band 

cm-1 

2D 

band 

cm-1 

G*band 

cm-1 

D+G 

band 

cm-1 

2D’band 

cm-1 

ID/IG I2D/IG 

R1-RGrO 

At 3000C 

1348 1585 2686 2440 2927 ……. 1.09 0.59 

R2-RGrO 

At 3000C 

1352 1585 2685 2440 2924 ……. 1.1 0.56 

R3-RGrO 

At 3000C 

1345 1568 2682 2442 2938 …….. 0.93 0.70 

 

Fig. 3.2.4 (d) shows the thermally reduced at 3000C of chemically reduced samples, which represent 

as TCRGO. These samples different band position and intensity each other. G* band intensity was 

increased comparative to reaction 3 (TCRGO) of other samples and also this band was not observed 

in TRGrO samples. These samples have different 2D band position, intensity, and shape showed in 

Fig. 3.2.7 (d) and Table 3.2.9. The 2D band of reaction 1 and 2 of TCRGO samples have low 

intensity and broad hump comparative reaction 3, it has more intensity and sharp peak and also a 

well blue shift of band position comparative other two samples. This sample has less intensity band 

of the D+G band and also G band was well decreased to lower wave number, showed in table 3.2.9. 

The ID/IG ratio decreased comparative reaction 1 and2 of TCRGO but increased in I2D/IG ratio. So 

that reaction 3 of TCRGO is better reduction happen than reaction 1 and 2 of TCRGO. TCRGO 

samples showed different band position, intensity comparative other two methods such as 

chemically reduced (CRGO) and thermally reduced graphite oxide(TRGO). 

3.2.6  Morphological analysis by FESEM 

Fig. 3.2.5 (a), (b) and (c)  shows the FESEM images of the morphology of the graphite oxide 

reaction(1),(2) and (3) respectively. All three samples are shown the good intercalated sheet-like 

morphology which indicated the oxidation successfully happened. Fig.3.2.5 (d), (e) and (f)  shows 

the reduced graphene oxide(RGO) samples of reaction(1),(2) and (3) respectively. Three samples 

show the different morphology comparative to their oxidation samples. In this, all samples show the 

disorder and folding sheet-like morphology. These results agree with XRD and Raman results. the 

disorder may happen due to the new formation of the graphite domains, in the XRD shows the 

hydrocarbon templates and in the Raman ID/IG ratio increased so the RGO samples show the 

irregular shape sheets. Fig.3.2.5 (g), (h) and (i)  shows the thermally reduced graphene 
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oxide(TRGO) samples of reaction(1),(2) and (3) respectively. Each figure shows the two different 

morphology showed by two areas indicated as 1 and 2. Area 1 shows the more transference sheets 

and area 2 has more exploited sheets. These samples show the different morphology comparative 

GrO and RGO samples. Fig. 3.2.5 (j), (k) and (l)   shows the thermally reduced of chemically 

reduced graphene oxide(TCRGO)  reaction(1),(2) and (3) respectively. These samples show the 

different morphology comparative to the CRGO and TGrO samples. In which the these have a 

sheet-like morphology. 

 

 

Fig.3.2.5 The typical  FESEM images of graphite oxide (a).(b) and (c) for the )  reaction(1),(2) and (3) 

respectively. (d),(e ) and (f ) are reduced graphene oxide(RGO) samples of reaction(1),(2) and (3) 

respectively. (g) ,(h) and (i) shows the thermally reduced graphene oxide(TRGO) samples of reaction(1),(2) 

and (3) respectively and (j), (k) and (l)   shows the thermally reduced of chemically reduced graphene 

oxide(TCRGO)  reaction(1),(2) and (3) respectively. 
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3.2.7  Morphology and structural Analysis by TEM 

Transition electron microscopy(TEM), Model: FEI Technai G2S-Twin is also used for the 

studying morphology and structural properties. The operating acceleration voltage of TEM was 

200kv. Fig. 3.2.6 shows the morphology and structure of the powder form of graphite oxide for all 

samples. In this Fig. 3.2.6 (a) shows the sheet-like and folding morphology of reaction 1 of graphite 

oxide. Fig. 3.2.6 (b) shows high-resolution transition electron microscopy (HRTEM) of reaction 1, 

in this, it shows the,<10 layer so this material represent as few-layer graphene oxide and Fig. 3.2.6 

(c) is a selected area electron diffraction (SAED) reaction 1, it shows the less intensity diffraction 

spots in the inner ring this may happen due to the formation of the FLG. Crystallinity shows this 

material may have fewer water molecules and also has more sp2 carbon network. This result may 

agree with the Raman results due to the blue shift of the G band. 

 

Fig. 3.2.6. TEM imagse of the graphite oxide for reaction(1),(2) and (3)  (a) TEM image, (b) HRTEM image 

and (c) SAED of reaction (1), (d) TEM image, (e) HRTEM image and (f) SAED of reaction (2) and  (g) TEM 

image, (h) HRTEM image and (i) SAED of reaction (3). 
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Fig. 3.2.6 (d) shows the TEM images of powder of the graphite oxide for the reaction(2). It appears 

as a thin sheet-like morphology with folding. Fig. 3.2.6(e) is HRTEM images of graphite oxide for 

the reaction(2), it clearly shows the FLG with a disorder of the graphite layers, which also indicates 

the overlapping of the layers. Fig. 3.2.6 (f) shows the SAED pattern of graphite oxide for the 

reaction(2), appearance like ring pattern which indicates that disorder of the layers due to the SP3 

hybridization of oxygen-related functional groups. Generally, ring pattern indicates amorphous 

nature of the materials. But in the graphite oxide, the oxygen functional attached to the basal plane 

and edge with randomly. so that the ring pattern of the graphite may be happened due to the 

disorder. which means that more water molecules, hydroxyl and epoxy groups formed in this 

sample. Fig. 3.2.6(g) is the TEM image for the graphite oxide reaction (3) which is similar to the 

reaction (2) results but this sample has more folding than reaction(2). This sample has FLG with 

disorder shown in Fig. 3.2.6 (h) and Fig. 3.2.6(i) shows same as reaction (2) pattern like ie ring 

pattern. 

Fig. 3.2.7(a) shows the TEM image of the reduced graphene oxide for reaction (1), this image 

clearly indicates the transference of the graphene oxide sheet, more folding of the sheets and re-

stacking of the layers. Fig. 3.2.7(b) shows the HRTEM image, in this graphene layers formed in 

disorder with re-stacking of the layers. Fig. 3.2.7(c) shows the SAED pattern, the diffraction pattern 

indicates that polycrystalline nature. This pattern is comparative to the corresponding the graphite 

oxide, this sample shows the bright spots, which indicates that the crystalline nature is increased that 

means that removing of the sp3 related oxygen functional groups and formed the newly sp2 

hybridized carbon atoms in the sample. Fig. 3.2.7 (d) shows the TEM image of reaction (2) for the 

reduced graphene oxide. This image, reduced graphene oxide have more transference than 

corresponding the graphite oxide with more folding. From the HRTEM image shown in Fig. 3.2.7 

(e), clearly observed that this sample contains the different layers such as 3 layers and 4 layers so 

that this sample has FLG and also this sample has restacking of the graphene layers. In Fig. 3.2.7 (f ) 

shows SAED pattern RGO sample has the bright ring pattern, but in the case of corresponding the 

graphite oxide samples show the light intensity SAED pattern. Increased in the intensity indicates 

that, some of the oxygen functional groups are removed. Fig. 3.2.7 (g) represents the TEM images 
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Fig. 3.2.7. TEM images of the  chemically reduced graphene oxide  of reaction(1),(2) and (3)  (a) TEM 

image, (b) HRTEM image and (c) SAED of reaction (1), (d) TEM image, (e) HRTEM image and (f) SAED 

of reaction (2) and  (g) TEM image, (h) HRTEM image and (i) SAED of reaction (3). 

 

of reaction(3) for the chemically reduced graphene oxide. It shows the different morphology of the 

other two samples(reaction1 and 2 RGO samples. It has a very thin sheet-like morphology with 

more folding comparative other samples. The HRTEM image showed in Fig.3.2.7 (h), it has 

different layers, single, double, try and few layers reduced graphene oxide with more disorder. This 

results clearly showed in Fig. 3.2.7 (i) SAED pattern of the sample. Fig. 3.2.7 (i) has two rings 

formation with very low-intensity diffraction spots appearing in hexagonal position, this pattern 

takes at the very flat and thin place of reduced graphene oxide. The Very low intensity and 

hexagonal pattern represent the formation of singer layer graphene. Fig. 3.2.8 (a) shows the TEM 

images of the thermally reduced graphite oxide reaction (1). This image shows the very transference 

sheet-like morphology with more folding. In this image, we choose the different places and taken 

the SAED pattern for corresponding identification places showed in Fig. 3.2.8 (a) and the place 
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represents area 1,2,3 and 4. Area 1, looks like very thin transference graphene sheet without folding 

and the corresponding SAED pattern shows the hexagonal diffraction spots with low intensity which 

indicates the single layer graphene is formed. The 2nd area is very very less folding with transference 

place also shows the hexagonal diffraction spots with more intensity than area 1. In Fig. 3.2.8 (a), 3rd 

place indicates the more folding than a 1st and 2nd place which shows the SAED pattern 

disappearance of hexagonal pattern and formation of the polycrystalline with low and high-intensity 

spots, which means that the number of layers increased. 4th place represents the more folding than 

 

Fig. 3.2.8. TEM images of  the thermally reduced graphene oxide  of reaction(1),(2) and (3)  (a) TEM image, 

(b) HRTEM image and (c) SAED of reaction (1), (d) TEM image, (e) HRTEM image and (f) SAED of 

reaction (2) and  (g) TEM image, (h) HRTEM image and (i) SAED of reaction (3). 

other places the corresponding the SAED the pattern indicates the more spots with high intensity. 

Fig.3.2.8 (b) shows the HRTEM image of the thermally reduced graphite oxide for the reaction (1). 

This image clearly shows the different layer formation in this sample, it contains the single layer to 

FLG. 
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Fig. 3.2.8 (d) represents the TEM image of thermally reduced graphite oxide for reaction (2).  In this 

image observed that sheet-like morphology with more folding. Fig.3.2.8 (e) and (f) are HRTEM and 

SAED for this samples, clearly which indicates that it more disorder of the sample. Fig. 3.2.8 (g) 

shows the TEM image,(h) is HRTEM image and (i) shows the SAED pattern of thermally reduced 

graphite oxide for reaction 3. These images clearly indicate that more transference and folding that 

means it has disorder nature of the sample. 

3.2.8 Thermal analysis by TGA and DTA  

Thermogravimetric Analysis (TGA), was very useful for to find out the different weight loss 

since we identify the synthesis reaction temperature conditions. This technique was one of the best, 

for the identification graphene-based materials. Fig. 3.2.9 (a) shows the TGA curve for the graphite 

oxide samples of reaction 1,2 and 3. These samples clearly show the different weight loss that 

means that may be different oxygen groups can form. The reaction 1 of graphite oxide sample shows 

the 8 % weight loss in the range of  52 – 1200C, 6% weight loss at 120-2040C and sudden weight 

loss is 23% occurred at 204 – 2630C. From this temperature onwards there no sudden weight loss 

but the weight loss 26% is gradually decreased. The reaction 2 shows the 4% weight loss at 50 – 

1200C sharply decreased weight loss at 174 – 3690C is 24% and after 5000C temperature, the 

gradually decreased weight loss is 18 %.  The reaction 3 of graphite oxide sample exhibits the 5% 

weight loss at the range is 50-1600C, sudden weight loss  26% occurred at 160 – 2690C and 

gradually decreased weight loss is 24%  at 269 – 9500C.  

These graphite oxide samples such as reaction 1,2 and 3 show the different weight loss. Even though 

we dried at 1000C, 50 -1200C range indicates absorbed water molecules or moisture of the samples 

and also in this range also reaction 1 show the more weight loss than other samples. this is clearly 

observed in XRD results due to the increase of the interplanar distance. All samples show the 

sudden weight loss at a range of 160 – 2700C  which indicates the oxygen-related functional groups 

and these groups eliminated as in the form of CO2, CO and stream . in this range reaction 3 has more 

weight loss than other samples. The gradually decreased weight loss at >3000C indicates the more 

stable oxygen-related function groups and break down of the carbon skeleton structure.  
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Fig .3.2.9. TGA curves of different graphene-based materials of Reaction 1,2, and 3. (a) graphite oxide of 

Reaction 1,2, and 3, (b) Reduced graphene oxide of Reaction 1,2, and 3, (c) thermally reduced graphite oxide 

of Reaction 1,2, and 3 and (d) thermally reduced of chemically reduced samples of Reaction 1,2, and 3. 

                                    

Fig. 3.2.9 (b) showed TGA curve of the chemically reduced by hydrazine hydrate at 1200C in a DIW 

solvent and dried at 1200C  for reaction 1,2 and 3. These samples do not show any sudden decrease 

of the oxygen-related functional groups. Fig. 3.2.9 (c) represents the reaction 1, 2 and 3, thermally 

reduced graphite oxide at 3000C  and Fig. 3.2.9 (d) shows the thermally reduced of chemically 

reduced samples.  Reduction of the samples shows the removal of the oxygen-related groups. 
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Fig .3.2.10. DTA curves of different graphene-based materials of Reaction 1,2, and 3. (a) graphite oxide of 

Reaction 1,2, and 3, (b) Reduced graphene oxide of Reaction 1,2, and 3, (c) thermally reduced graphite oxide 

of Reaction 1,2, and 3 and (d) thermally reduced of chemically reduced samples of Reaction 1,2, and 3. 

 

Fig.3.2.10(a) shows the DTA curve of Graphite Oxide for the reaction 1,2,3. In which the DTA 

curves shows the different peak Exothermic peak positions. The reaction 1 has the Exothermic peak 

temperature range onset is 212ºC and offset temperature point is 257ºC and the peak position is 

224ºC. Reaction 2 has an Exothermic peak at 230ºC and reaction 3 has an exothermic peak at 280ºC. 

These samples also show the very small intents endothermic peaks at 781ºC for the reaction 1. 

Reaction 2 has very small intensity endothermic peaks at 424ºC and 486ºC and Reaction 3 has 

480ºC. These Graphite Oxide samples show the different exothermic peaks which clearly indicates 

that these samples have different oxidation level. These endothermic peaks represent the 

decomposition of Oxygen-related functional group or combustion of these oxygen functions. 

Fig.3.2.10(b) shows the chemically reduced Graphene Oxide DTA curve of reaction 1,2,3, 

Fig.3.2.10(c) shows the thermally reduced Graphite Oxide of DTA curve for the reaction 1,2,3 and 

Fig.3.2.10(d) shows the thermally reduced of chemically reduced Graphene Oxide for the reaction 

1,2,3. The DTA curves of reduction samples show the very small endothermic peaks than Graphite 
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Oxide and the more intensity exothermic peaks are absent in the reduction samples so that we can 

conclude that all oxygen-related function groups are may be removed. 

3.2.9 Compositional analysis (EDS) 

Fig. 3.2.11 Shows the EDS analysis images of the graphite oxide (left side ) samples of R1(a 

&b), R2(c &d)  and R3 (e &f) respectively.  Graphite oxide samples have C/O ratios (atomic %) for. 

R1 (2.1),  R2 (1.94 ) and R3 (1.95) and also identified the sulfur (S) in all three samples with very 

less quantity of (0.1-0.5%) it this may be due to the impurity or during the synthesis coming from 

the H2SO4. All three samples show the nearly equal C/O ratios which indicate the all samples are 

fully oxidized. But these graphite oxide samples shows the different interplanar distance from the 

XRD analysis, different band position in Raman analysis and different weight loss and exotherm 

peak position observed in TGA and DTA analysis. So we concluded that these samples have equal 

C/O ratios even though the formation of the oxygen-related functional groups are different on the 

graphene oxide samples. Fig. 3.2.11 Shows the EDS analysis images of the chemically reduced 

graphene oxide ( (right side ) samples of R1(a &b), R2(c &d)  and R3 (e &f) respectively. these 

Energy Dispersive Spectroscopy (EDS)  is very useful for the identification of elemental 

composition in the materials. 

 

Fig. 3.2.11 EDS spectum of  the graphite oxide samples (left side) and chemically reduced samples (right 

side)ofreaction1,2and3respectively. 

samples have C/O ratios 6.8,8.5 and 12.1 of chemically reduced at 120ºC by hydrazine hydrate in 

DIW as a solute. Comparative graphite oxide samples the C/O ratios are increases which indicate 
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the oxygen-related functional groups are removed. And also reaction 3 CRGO sample has more C/O 

ratio than other samples. So that, in the case of chemically reduced samples R3 sample is more 

effective to remove the oxygen-related function groups than other two samples. This result was 

supported by the TEM, TGA and DTA, and Raman. 

 

Fig. 3.2.12 EDS spectrum of the thermally reduced graphene oxide samples (left side) and thermally reduced 

of chemically reduced samples (right side) of reaction 1,2 and 3 respectively. 

 

Fig. 3.2.12 Shows the EDS analysis images of the thermally reduced graphene oxide ( (left side ) 

samples of R1(a &b), R2(c &d)  and R3 (e &f) respectively. These samples have C/O ratios 4.2,4.3 

and 4.6 of thermally reduced at 300ºC in the furnace (in air). Comparative graphite oxide samples 

the C/O ratios are increases which indicate the oxygen-related functional groups are removed. And 

also C/O ratios are decreased than chemically reduced samples. Fig. 3.2.12 Shows the EDS analysis 

images of the thermally reduced of chemically reduced graphene oxide ( (right side ) samples of 

R1(a &b), R2(c &d)  and R3 (e &f) respectively. These samples have C/O ratios 12.9,9.2 and 7.6 of 

thermally reduced at 300ºC in the furnace (in air).  In this case, C/O ratios are increased 

comparatively chemically reduced samples and thermally reduced samples. But R3 reaction shows 

the less C/O ratio than the chemically reduced sample. All the C/O ratios are shown in table.3.2.10. 
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Table 3.2.10 C/O ratios of all thee samples of graphite oxides,chemically, thermally and multiples 

reduced of graphene oxide. 

Sample name C/O  ratio 

R1- graphite oxide 2.1 

R2- graphite oxide 1.94 

R3- graphite oxide 1.95 

R1- CRGO 6.8 

R2- CRGO 8.5 

R3- CRGO 12.1 

R1- TRGO 4.2 

R2- TRGO 4.3 

R3- TRGO 4.6 

R1- TCRGO 12.9 

R2- TCRGO 9.2 

R3- TCRGO 7.6 

 

3.2.10  Bonding characteristics by FTIR 

FTIR technique was used for the identification of the chemical bonding of materials. Fig 

3.2.13 (a) shows the FTIR spectrum of Graphite Oxide for the reaction 1,2,3 which indicates the 

different intensity and peak position of functional groups. Bands at 3393cm -1, 3357cm-1 and 

3380cm-1 are represents the O-H stretching mode in the hydroxyl groups of R1, R2, and R3 graphite 

oxide samples respectively. 1725 cm-1, 1723 cm-1, and 1710 cm-1  bonds are present in the reaction 

R1, R2, and R3 respectively. These bonds represent the ketone (C=O) will present in the carbonyl or 

carboxyl groups in the R1, R2 and R3 graphite oxide samples respectively. 1624 cm-1, 1615 cm-1, 

and 1608 cm-1 bonds represent the stretching mode of monoxide C=C bonds or H-O-H (water 

molecules) bending mode of R1, R2, and R3 –GrO samples respectively. All the graphite oxide 

samples,   We are dried at 100ºC in the vacuum oven for 12h. So that mostly we expected absorbed 

water molecules are removed and may be presented in between the graphite oxide layers because we 

observed the less weight loss <100ºC temperature. i.e these bond are may be formed by the C=C 

bonds. 1383cm-1 bond represents the O-H deformation in the carboxyl group. It is present in the R1-

GrO sample only and absents in the other two samples such as R2 and R3 samples.  



73 
 

 

Fig .3.2.13. FTIR spectrum of different graphene-based materials of Reaction 1,2, and 3. (a) graphite oxide of 

Reaction 1,2, and 3, (b) Reduced graphene oxide of Reaction 1,2, and 3, (c) thermally reduced graphite oxide 

of Reaction 1,2, and 3 and (d) thermally reduced of chemically reduced samples of Reaction 1,2, and 3.  

                     

1240cm-1  and 1231cm-1 bonds represent the C-OH stretching mode of phenolic groups present in 

the hydroxyl groups. These bonds are presented in R2 and R3 – GrO samples respectively. This 

range band is not present in the R1 sample. R1 and R2 – GrO samples have bonded at 1053cm-1. 

This indicates the   C-O in C-OH or C-O-C bonds and R2 has a 1043cm-1 bond which represents the 

edge phenol groups in hydroxyl.  

                In the case of chemically reduced samples shown in Fig 3.2.13 (b), all samples show the 

removal of oxygen-related functional groups, and also these samples show the still some hydroxyl 

groups related functional groups are presented. R1 –RGO has 1076cm-1 peak which represents the 

basal plane phenol groups in hydroxyl groups and also presented at 3439cm-1 band represents the 

hydroxyl groups, this bond position is redshifted competitive graphite oxide sample and it has low 

intensity. R2 –RGO samples show the redshift of hydroxyl groups presented with low intensity at 

4351cm-1. R3- RGO shows the similar to the R1-RGO samples. Fig.3.2.13  (c) and (d) 
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corresponding thermally reduced and thermally and chemically reduced samples. These samples 

show the removal of the Oxygen functional groups.  

3.2.11  UV – analysis for electronic transition  

UV-Vis spectroscopy is analytical technique, used for the electronic transition (conjugated system)  

of the compound. Fig 3.2.14 shows the UV spectrum, (a) – (d)  for the graphene oxide, chemically, 

thermally and multi reduction of reaction 1,2 and 3 respectively. All samples show the aromatic 

phenol group in hydroxy is represents the 215 – 250 wavelength range small hump peaks are 

appearance this exhibits the π →π* of C=C. These groups also identified in the FTIR analysis. The 

Fig 3.2.14 (a) shows the graphene oxide samples of reaction 1,2and 3, the graphene oxide samples 

exhibit the more aromatic peaks of phenolic groups with high intensity than reduction samples.  The 

graphite oxide samples show the same, have high-intensity competitive to the phenolic groups 

intensity peak positions at 264nm(π →π* of C=C)  , higher wavelength of these samples indicates 

the more conjugated system is formed that means lower energy gapes may be expected this may be 

affected by the drying temperature at 100ºC for 12h in the vacuum furnace . these samples show the 

different intensity of each other. R3-GO sample has a higher intensity than other two samples. Fig 

3.2.14 (b) shows the chemically reduced graphene oxide samples by hydrazine hydrate at 120ºC in 

DIW solute reaction 1,2and 3. These samples exhibit the different absorption peaks position and 

intensity. R1-RGO sample has less intensity and absorption peak at 279nm  is very broad. R3- RGO 

sample has a sharp intensity peak at 265nm  and small shoulder at 268nm .R3-RGO sample exhibits 

the absorption peak at the 266.6nm and small shoulder at 273nm. Fig 3.2.14 (c) shows the thermally 

reduced graphene oxide samples at 300ºC in the furnace in the atmosphere is air. These samples 

have absorption peaks at 266.4nm,  266.6nm and 267.8 nm of R1, R2, and R3-TRGO samples 

respectively. R2-TRGO sample has a  higher intensity than R1 and R3-TRGO samples but  
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Fig .3.2.14. UV spectrum of different graphene-based materials of Reaction 1,2, and 3. (a) graphite oxide of 

Reaction 1,2, and 3, (b) Reduced graphene oxide of Reaction 1,2, and 3, (c) thermally reduced graphite oxide 

of Reaction 1,2, and 3 and (d) thermally reduced of chemically reduced samples of Reaction 1,2, and 3. 

 

these samples have the same intensity. R2 – TRGO has a small shoulder at 270nm but this peak is 

absent in the case of R1 and R3- TRGO samples. Fig 3.2.14 (c) shows the thermally reduced of 

chemically reduced graphene oxide samples at 300ºC in the furnace in the atmosphere is air. These 

samples show the same peak position at 265.3nm. R1 and R2 have the same intensity and small 

shoulder at 268nm and also higher intensity than R3-TCRGO sample and this sample do not have 

small shoulder peak. 
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3. 3 Effect of reaction temperature ( at higher temperature ) on 

the synthesis of the GO by MHM: 

3.3.1 Synthesis of GO by MM  

Taking the <45µm size graphite powder is 2gm, H2SO4 is 96ml, and Na2NO3 is 2gm in a beaker 

within ice bath on a hot plate, and this mixture was stirring for 30minits. After that, we added 

KMnO4 was 12gm slowly (within 90minits) during the stirring. The removed the ice both and 

increasing the temperature up to 350C  and stirring for 2h. DIW 80ml  was added to the mixture as 

drops within 30min during the stirring and then to stop the reaction for that we added  200ml of 

DIW and followed by the 10ml of H2O2. This mixture was stirring for 10minits. At this time we 

observed that the solution was appearing in light yellow color. This solution was repeatedly washed 

with DIW and HCl up to obtained neutral PH and filtered. The obtained material was dried at 500C 

for 12h in a vacuum furnace. This process was same for the 700C,1000C, and 1400C. 

3.3.2 Structural Analysis by XRD 

From the Fig.3.3.1 shows the oxidation temperature more effective parameter because observed that,  

variation in their structure showed in table 3.3.1. These samples show the different interplanar 

distance and crystallite size may be variation in the Oxygen-related functional groups or water 

molecules intercalated between the layers and variation in the number of functional groups, this 

effect explained later by the Raman and FTIR analysis. The graphite oxide synthesis at different 

temperatures such as  350C and 700C mostly shows the nearly equal values with different crystallite 

sizes showed in table 1. The interplanar distance 0.775nm,0.782nm corresponding 2θ values are 

11.4 and 11.3 respectively for the 350C and 700C graphite oxides, indicates that these samples are 

well oxidized. Because the graphite has interplanar distance is 0.334nm, and crystallite size is 

23.08nm showed in the previous chapter. And also the graphite has more intensity with a sharp 

peak; these samples have very less intensity and broadening in peaks which mean that graphite has 

more stacking layers and also large sheets. The broadening happens in the case of oxidized samples 

due to the sheet size reduced during the synthesis. The decreased in the intensity also gives the 

number of layers also decreased. 1000C and 1400C graphite oxide samples show the completely 

different from the 350C and 700C graphite samples. These samples the XRD peaks are very broad 
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and appearing at 2θ values are 24.050, and 24.620 the corresponding d values are 0.369nm and 

0.3612nm of 1000C and 1400C graphite oxide  

 

Fig.3.3.1 Shows the image of XRD for different oxidation temperature for the graphite oxide. 

respectively. This spectrum looks like reduced graphene oxide. That means, in this case, maybe 

initially oxidation happing and then removed some oxygen functional groups. The initial oxidation 

means raising the temperature condition people represent as step 1 oxidation [ ]. These samples still 

we called as graphite oxide samples because we did EDS for the all samples, we observed that C/O 

ratios are 1.3,1.3,2.3 and 2.2 for 350C,700C,1000C and 1400C respectively. These results correlated 

with the FTIR and Raman later sections. 

Table.3.3.1  Tthe interplanar distance and crystallite size of graphite oxides (XRD)  by varying the 

oxidation temperature 

Sample name 2θ (Degree) Interplanar 

distance (d) 

nm 

Crystallite size (D) 

nm 

350C-GrO 11.4 0.775 2.798 

700C-GrO 11.3 0.782 3.464 

1000C-GrO 24.05 0.369 1.973 

1400C-GrO 24.65 0.361 1.924 
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3.3.3 Molecular structure and disorder by Raman analysis 

Fig.3.3.2 shows the Raman spectrum of different oxidation temperature of the graphite oxides. All 

samples were taken in the form of powders. These samples show the different intensity and different 

band position showed in table 3.3.2.  All four samples exhibit the D, G and 2D regions with 

broadening. In the case of the reaction temperature at 350C sample graphite oxides, it has D band at 

1349cm-1, G band at 1595cm-1 and 2D peak is a broad hump. The broadening and the G band 

redshift indicates this sample was completely oxidized. The red of G band due to the more 

functional groups such as hydroxyl, epoxy and water molecules. The second sample reaction 

temperature at 700C shows the D peak at 1349cm-1, G at 1588cm-1 and 2D band show the broad 

and small peak hump was appearing. Comparative to the 350C – GrO sample this sample shows the 

may be less formation of hydroxyl or epoxy or water molecules. These results later confirmed by 

FTIR and TGA analysis. The remaining two samples reaction did at 1000C and 1400C  graphite 

oxide samples completely different from the above samples such as 350C and 700C graphite oxide 

samples. 

 

Fig. 3.3.2  Raman spectrum of the different oxidation temperature synthesized  graphite oxide 
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Table 3.3.2  Raman band positions and their intensity ratios of graphite oxides by varying the 

oxidation temperature 

Sample name D band 

cm-1 

G band 

cm-1 

2D band 

cm-1 

ID/IG 

350C-GrO 1349 1595 broad 0.93 

700C-GrO 1349 1588 broad 0.91 

1000C-GrO 1354 1593 broad 0.99 

1400C-GrO 1356 1596 broad 0.97 

 

3.3.4 Thermal and oxidation Analysis by TGA and DTA  

Thermogravimetry analysis is used to measure the weight loss of materials. Figure 3.3.3(a)  shows 

the TGA plot of combined samples such as 35, 70, 100 and 1400C for graphite oxide synthesis 

temperature. TGA curves show the different wights loss, the 100and 140 0C samples shows the same 

curve nature. these samples don’t have any water-related groups and also have less oxygen-related 

functional groups, these samples exhibit the gradually decreased weight loss of the may be the 

removal of the carbon or more stable oxygen-related groups. But 35 and 700C samples shows the 

different weight loss to each other. In the case of 350C sample show the 50-1850C range weight loss 

is 27%. which may be due to the intercalated water molecules and stream. But at the 185-1880C  

 

Fig.3.3.3 (a) TGA curves and (b) DTA curves of different reaction temperature of graphite oxide 

range, the weight loss is very drastically change was occurred, in this range, the weight loss is 67%. 

This indicated that more oxygen-related functional groups are formed. The 700C graphite oxide 
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sample has weight loss is 26% in the range of 50-1810C and 24% weight loss occurred at the 181-

2300C range.comparion to all samples 350C graphite oxide sample has more oxygen-related 

functional groups. Fig. 3.3.3 (b) shows the DTA curves 35, 70, 100 and 1400C for graphite oxide 

synthesis temperature. The reaction  temperature of 35º C graphite oxide sample has very sharp 

endothermic peak at  188ºC and reaction  temperature of 70º C graphite oxide sample has two peaks 

one is endothermic ( very small peak) peak at 206 º C and another peak at 220 º C is exothermic 

(very broad intensity peak) and 100 and 1400C for graphite oxide synthesis temperature samples 

shows the thermally stable. 

3.3.5 Bonding characteristics (FTIR) 

FTIR spectroscopy is very useful for identification of carbon-oxygen related band of graphene oxide 

materials. Figure 4 shows the temperature-dependent of graphite oxide materials. These powder 

samples are prepared by the KBr pellets. From this figure clearly shows the 350C and 700C graphite 

oxide samples and also  1000C and 1400C graphite oxide samples, have same functional groups with 

different intensity and broadening of the peaks. Comparative all samples 350C graphite oxide 

sample has more intensity and broadening band at 3421cm-1, which indicated the vibrational 

stretching mode of hydroxyl and water molecules. the water molecule is appearing in graphite oxide 

as intercalated between layers or may be absorbed on the surface of the graphene sheets. More 

intensity of this peak may be attributed to water molecules due to the low-temperature reaction than 

other samples. All samples show the peaks at 2851, 2920cm-1 which related to the C-H stretching 

vibrations of CH2 groups. When comparative to all samples lowest temperature reaction of graphite 

oxide (350C graphite oxide sample) has more intensity of these bands indicates the at this 

temperature more CH2 or CH3 groups are formed. 350C and 700C graphite oxide samples have 3869 

and 3737cm-1 bands are appearing but not in the high-temperature synthesis at 1000C and 1400C 

graphite oxide samples and also these bands intensity are more in 700C graphite oxide sample than 

350C graphite oxide sample.  

             350C and 700C graphite oxide samples have more intensity and broadening peak of CO2 

at 2340cm-1 than other two samples. Both  350C and 700C graphite oxide samples show the C=O 

related groups at 1717cm-1 (C=O) and have the same intensity and broadening. But in the case of 

1000C and 1400C graphite oxide samples, this band was shifted to lower wave number at 1707cm-1 

and also these samples also have the same intensity and broadening. This band indicates the 

formation of the carboxylic groups. 350C and 700C graphite oxide samples have the same band 
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position at 1623cm-1 and intensity but 700C graphite oxide sample has more broadening than 350C 

graphite oxide sample. This band indicates the bending of water molecules and stretching vibrations 

of C=C ( unoxidized graphitic domains). This band is not observing in 1000C and 1400C graphite 

oxide samples, these sample shows the band positions at 1577 and 1575cm-1. this range indicates the 

there are no any oxygen-related groups and water molecules and these bands indicates the C=C 

network. 

 

Fig 3.3.4.  The FTIR spectrum for the different oxidation temperature of the graphite oxide 

 

As shown in Fig. 3.3.4, 350C and 700C  synthesized graphite oxide samples consist of  1456, 1399 

and 1384cm-1 bands, moreover 350C graphite oxide sample has more intensity peaks than 700C 

graphite oxide sample. these bands are observed in 1000C and 1400C graphite oxide samples when 

the spectrum was zoomed and also shows the very less intensity. The band position at 1262cm-1 is 

observer in 350C and 700C graphite oxide samples. This band was disappeared in other two samples. 

350C and 700C graphite oxide show the band at 1055cm-1 with different broadening and same 

intensity, this band did not observe in 1000C and 1400C graphite oxide samples, but these samples 
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show the new band positions are 1194,1124 and 1042 cm-1 with small intensity in the case of 1400C 

graphite oxide sample 1042 cm-1 was disappeared. 350C and 700C graphite oxide samples show the 

small intensity band positions, but not appearing in the other two samples. 

 

3.3.6 Morphology analysis by FESEM 

Figure 5 (a) and (b)  shows the FESEM image of  350C and 700C graphite oxide samples, which 

shows the flat sheet-like morphology and  (c) and (d) shows the very disorder nature and more ripel. 

 

Fig3.3.5. The FESEM images for the different oxidation temperature of the graphite oxide 
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3.3.7 Morphology and structural Analysis by TEM 

 

Fig 3.3.6.  Shows the TEM (a), HRTEM (b) and SAED (c)  images for the 350C graphite oxide sample. 

 

Fig 3.3. 7  TEM (a), HRTEM (b) and SAED (c) and (d)   images for the 700C graphite oxide sample. 
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Fig 3.3.8.  Shows the TEM (a) and (b)  HRTEM (c) and SAED (d)   images for the 1000C graphite oxide 

sample. 

 

Fig 3.3.9.  Shows the TEM (a), HRTEM (b) and SAED (c)  images for the 1400C graphite oxide sample. 
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3.4 Effect of solvents on the exfoliation of reduced graphene 

oxide reduction (RGO) 

In this section, the impact of solvents on the structural, morphology, bonding and thermal analysis 

of RGO by using XRD, TEM, FT IR, UV and TGA are discussed for the GO sample synthesized by 

reaction 3 as discussed in the previous section.  

3.4.1 RGO Preparation 

We took graphite oxide 250mg and 250ml DIW in a 500ml beaker and sonicated for 30mints 

obtained a clearer solution. Then Hydrazine hydrate 10ml was added to the graphene oxide solution 

then heated 1200C and stirred for 6h. This experimental was going on a hot plate by using the 

vegetable oil both. This is same for DMF solvent instead of DIW. After completion of the reaction, 

we observed that in the DIW, the solution appearing in black colored but the material looked like 

weight loss and formed on the surface of a solution but in the DMF, the solution completed in black 

colored and appearing good dispersibility. These samples were washed with DIW and obtained 

PH=7 and filtered with a vacuum pump and dried at 1200C in the Oven for 12h. 

3.4.2 Structural analysis by XRD 

XRD is a useful tool for the analyzing the crystal structure of graphite derived materials. In the XRD 

pattern of graphite has a sharp peak at 2θ =26.60 corresponding to an interlayer distance (d) of 

3.34Å. After oxidation of graphite has a sharp peak at 2θ =13.50 and corresponding d=6.6 Å. The 

disappearance of the 2θ =26.60 peak of graphite indicates the good oxidation occurs i.e. in this  

 

Fig.3.4.1. XRD pattern of graphite oxide and  RGO of DIW and  DMF 
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process can be attributed to the induction of Oxygen-contains functional groups into the carbon 

lattice during the oxidation. The interlayer distance  6.6 Å of graphite oxide obtained due to the 

removal of water molecules because dried at 1000C compared with literature obtained graphite oxide  

d=8-9.5 Å dried at RT. After reduction, the peak at 13.50 vanishes and a new peak at 210 and 250 

appears. This can be indicating the removal of oxygen functional groups. In this reduction process, 

we did reaction temperature at high-temperature 1200C in different solvents such as DIW and DMF. 

In the reduction in DIW, the XRD pattern shows the two peaks at 210 and 250 corresponding 

interlayer distance 4.2 Å and 3.57 Å. In this 210, shows the poly hydrocarbon templets. In DMF 

reaction 2θ =25.070 corresponding d= 3.55 Å. Which indicates that it was fully reduced and there is 

no peak at 210   and also indicate it has good crystallinity compared with DIW reaction. 

 

3.4.3. Morphology analysis by TEM and FESEM 

         Transmission electron microscopy is used for to analyze the crystalline nature and morphology 

of graphene oxide and reduced graphene oxide. In the Fig.3.4.2 ( a),(b) and (c) images are  TEM, 

HR-TEM and SAED pattern of Graphite oxide respectively (a) shows the sheet-like morphology and 

also more disorder supported by  Fig.3.4.2 (b) and(c). In Fig.3.4.2  (c) SAED pattern of shows the 

amorphous regions because due to the presence of sp3 carbon atoms formed during the oxidation and 

indicate the disorder. Fig 3.4.2  (d), (e) and (f) images are TEM, HR-TEM and SAED pattern of 

RGO in DIW respectively and (d) shows the sheet-like morphology and agglomerate sheets and 

good transparent. Fig 3.4.2 (f) shows the SAED pattern has crystalline nature indicate the removal 

of oxygen functional groups and formation of an sp2 network for graphene sheet. Fig.3.4.2 (g),(h) 

and (i) images are  TEM, HR-TEM and SAED pattern of RGO in DMF respectively. Fig.3.4.2 (g) 

shows the sheet-like morphology and more transparent. HR-TEM image Fig. 3.4.2 (h) shows the 

clearly exhibited the signature of single-layer graphene. Fig.3.4.2 (i) shows the hexagonal SAED 

pattern which indicates more removal of oxygen functional groups and indicates more formation of 

the sp2 network. 



87 
 

 

Fig.3.4.2 (a),(b) and (c) images  are  TEM, HR-TEM and SAED pattern of Graphite oxide 

respectively and ( d),(e) and (f) images  are  TEM, HR-TEM and SAED pattern of RGO in DIW 

respectively and ( g),(h) and (i) images  are  TEM, HR-TEM and SAED pattern of RGO in DMF 

respectively. 

 

Fig.3.4.3. FESEM images of (a) graphite oxide , (b) RGrO in DIW and (c) ) RGrO in DMF (all 

images from  powders) 
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Fig. 3.4.3 ( a ) shows a FESEM image of graphite oxide(GrO)  has the stacked layer structure. This 

can be supported by  XRD  results for good oxidation of graphite. Fig.3.4.3( b ) and 3.4.3(c) show 

the good transparent and sheet-like morphology but a more agglomerate appearance in a reduction 

in DIW compare with DMF and transparent indicates the removal of oxygen functional groups at 

high-temperature reduction at 1200C. 

3.4.5 Bonding characteristics analysis by FTIR 

              FTIR is good for to investigate the oxidation and reduction of graphene-based materials. In 

Fig .3.4.4  graphite oxide spectrum shows as followed oxygen functional groups such as C-O group 

attributed to stretching vibration mode  in the alkoxy group at 1050cm-1 , at 1405 cm-1 arising from 

the C-OH carbonyl group, C=C skeletal  ring of aromatic vibrations were located at 1618 cm-1 , at 

1725 cm-1 corresponding to the C=O stretch mode in the carboxyl group and 3418 cm-1 from the O-

H groups. After reduction with hydrazine hydrate at 1200C and dried at 1200C in the vacuum oven, 

the FTIR spectrum of reaction in DIW and DMF shows the varnish of all oxygen functional groups. 

These results indicate that the graphite oxide is successfully oxidized and reduced by the hydrazine 

hydrate at 1200C in both solvents such as DIW and DMF. success  

 

Fig.3.4.4. FTIR spectrum image of graphite oxide (black spectrum) and  RGO(red spectrum of DIW and blue 

spectrum of DMF. 
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3.4.6 TGA Analysis 

                       TGA is more suitable for the graphite oxide derivate materials to analyze the 

oxidation and reduction process.in Fig.3.2.5 shows the graphite oxide has the weight loss between 

700C – 1200C is 3% this due to the graphite oxide dried at 1000C. This indicates the very fewer 

water molecules are there compared with previous report dried at RT  and 1500C-2800C the weight 

loss is 28% due to the realizing CO, CO2 and stream and 3000C- 9000C the weight loss is  22% due 

to the removing of more stable oxygen functional groups. After reduction of graphite oxide by 

Hydrazine hydrate at 1200C in different solvents such as DIW and DMF shows the thermally stable 

due to the removal of oxygen functional groups but in the case reduction in DIW shows the weight 

loss between 1500C-2800C is 8%. This can indicate the more reduction happen in DMF compared 

with the DIW. 

                   

 Fig.3.4.5. TGA images of graphite oxide (black curve) and RGO (red curve of DMF and blue curve of 

DIW). 

3.4.7 UV Analysis 

               UV-Vis spectrum is sensitive to the structure and oxidation states. We performed UV-Vis 

absorption spectrum on graphite oxide dried at 1000C and RGO samples indicate RGO-DIW and 

RGO-DMF reduction at 1200C and also dried at 1200C. Generally, previous reports show the 

graphite oxide has two peaks dried at ≤ 600 C, <230nm peaks indicates the conjugated π-π* (C=C) 
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transition and <300nm assigned for n- π (C-O) transition. In the Fig.3.4.6 (a) spectrum shows the 

graphite oxide has three peaks first one very small peak at 244nm and a broad peak at 263nm and 

very small hump at 314nm. This GO has higher wavelengths indicates the more population of sp2 

carbon atoms obtained due to the drying at 1000C  and reduction in DIW at 1200C by hydrazine 

hydrate shows the <251nm peaks have too much very less intensity and at 265nm peak has more 

intensity comparable with graphite oxide and increased in wavelength. This indicates the graphite 

oxide well reduced by hydrazine hydrate at 1200C in a DIW solvent. Fig.3.4.6 (c) shows the 

reduction in DMF at  1200C  has single broad and more intensity peak at 270nm this can indicate the 

complete reduction happen in the DMF solution compared with the reduction in a DIW solvent. 

 

 

Fig.3.4.6. UV-Vis Spectrum of (a) graphite oxide,(b) and (c) are RGO samples of reduced in DIW and DMF 

by hydrazine hydrate at 1200C respectively. 
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3.5 Conclusions 

In this chapter GO was synthesized by using the equal ratios of graphite: KMnO4: H2SO4 

(1:3:23) at  lower oxidation temperature such as 45,40 and 350C. Those are named as reaction1,2 

and 3 respectively. All the GO samples were dried at 100ºC in a vacuum oven. All these three GO 

samples were analysed by XRD, Raman, FT IR, TEM, UV and TGA for structure, bonding, 

morphology, molecular structure and thermal stability. Finally, all these three samples were reduced 

chemically by hydrazine hydrate, thermally and bothe chemically and thermally. As obtained RGO 

samples were analyzed by XRD, Raman, FT IR, TEM, UV and TGA for structural, bonding, 

molecular structure, morphology and thermal stability.  In the second section of this chapter, three 

GO samples were synthesized at same ratios with higher oxidation reaction temperature. All the 

samples were analyzed by using XRD, Raman, FT IR, TEM, UV and TGA for structural, bonding, 

molecular structure, morphology and thermal stability.  In the third section, the impact of solvents 

on the exfoliation of RGO was investigated supported by XRD, Raman, FT IR, TEM, UV and TGA 

for structural, bonding, molecular structure, morphology and thermal stability.   

              From XRD analysis, after oxidation, the interplanar distance was increased from the 

graphite samples so that all samples good oxidized. But these samples have different interplanar 

distances which indicate the different oxidation levels occurred even by using the equal ratios of 

graphite: KMnO4: H2SO4 (1:3:23). this was happened due to the temperature and time.                 

Reaction 1 synthesized GO contains  more oxygen functional groups due to the higher interplanar 

distance.  Reaction 1 synthesized GO shos higher  intensity than other two samples which indicates 

this sample may have more crystallinity than other two samples. All the three GO samples ( reaction 

1, reaction 2 and reaction 3) showed different crystallite sizes (XRD), so that the crystallite size 

varies with the reaction temperature. After chemical reduction, the interplanar distance was 

decreased for all three GO samples which indicate the oxygen functional groups have removed some 

extent. All three samples show the nearly same peak position at 21º represents the hydrocarbons 

presence and 25º peak indicates the formation of graphene structure. Thermally reduced graphene 

oxides(RGO) obtained from reaction 1,2 and 3 GO, confirmed that  the reaction 1 GI  only contains 

the hydrocarbon-related groups, however reaction 2 and reaction 3 GO samples these groups are 

absent. Chemically and thermally reduced graphene oxides(RGO) show the structural deviation 

from the chemically reduced RGO samples. In the case of the RGO obtained from the chemical 

reduction with hydrazine hydrate  shows the two peaks, on the other hand, chemically with 



92 
 

thermally reduced graphene oxide shows  show a  single peak at2θ= ~24 and interplanar distance (d) 

= ~ 0.36nm. 

Raman analysis results shows the broadening of the G peak and D band and the 2D band is 

suppressed, this represents that the oxidation happened for all the reactions. Generally, the graphite 

oxide case G band position shows  a redshift of the graphite position. GO obtains from the reaction 

(1) shows the blueshift of the G peak which indicates that it contains less epoxy, hydroxyl and water 

molecules. The blueshift can happen when the double bond related functional groups are  formed. 

The reaction 3 based RGO show the better chemically reduction than other samples due to the 

blueshifted of the G band 2D band and also  shows the higher value of ID/IG ratio. Thermally 

reduced samples completely different from the graphite oxide and chemically reduced graphite 

oxide samples. These samples did not contain the 2D band particularly comparative to  CRGrO 

samples. ID/IG ratios decrease with chemically reduced samples which mean that formation of SP2  

carbon domains may be larger size comparative to CRGrO samples. G* band is absent in these 

samples comparative chemically reduced graphite oxides and also G+D band is more intense  than 

CRGO samples. The G band position is red shifted compare to CRGO samples.  In TCRGO 

samples, the RGO obtained by using the reaction 3 GO shows lower  ID/IG ratio in comparison to the 

RGO obtained from  reaction 1 and2. Therefore, the reaction 3 is better for the synthesis of GO and 

also both chemically and thermally reduction process is more effective to obtain reduced graphene 

oxide (RGO).  

  FESEM analysis, results indicate that all three samples are shown the good intercalated 

sheet-like morphology which indicated the oxidation successfully happens. After chemical reduction 

three samples show the different morphology comparative to their oxidation samples. The RGO 

obtained from the reaction 3 GO show the high transference than other two samples.  

TEM analysis results indicate that  the GO synthesized by reaction shows some % of the 

crystallinity whereas other samples show the ring pattern. The chemically reduced graphene oxide 

samples obtained from the reaction 3 GO shows different morphology than  the other two 

samples(reaction1 and 2 RGO samples). It consists of  a very thin sheet-like morphology with 

different layers, single, double and few layers and also it has hexagonal diffraction spots. 

TGA and DTA analysis result indicate that  the GO obtained from the  reaction 1,2 and 3 show the 

different weight loss and different exothermic peak position which indicate that these samples have 

different oxidation levels. RGO samples obtained from all these three GO did not show  weight loss 
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and exothermic peaks which indicates the after reduction process all these samples are thermally 

stable. 

EDS analysis results indicate that all three samples (R1-GrO, R2-GrO, and R3-GrO)  show the 

nearly equal C/O ratios which indicate that the all samples are fully oxidized. But all three GO 

samples shows the different interplanar distance from the XRD analysis, different band position in 

Raman analysis and different weight loss and exotherm peak position from the  TGA and DTA 

analysis. Therefore, we have concluded that though all these samples possess  equal C/O ratios the 

formation of the oxygen-related functional groups is different. Further, the RGO obtained by using 

chemically reduction process shows higher C/O ratio than other two samples. So that, in the case of 

chemically reduced graphene oxide more  oxygen-related function groups are removed than other 

two samples. 

 FTIR spectrum of obtained GO by using the reaction 1,2,3  indicates the different intensity 

and peak position of functional groups. The 1383cm-1 band  represents the O-H deformation in the 

carboxyl group. It is appeared  in the R1-GrO sample only and  not present  in the other two samples 

such as R2 and R3 samples. 1240cm-1  and 1231cm-1 bands represent the C-OH stretching mode of 

phenolic groups present in the hydroxyl groups. These bonds are appeared  in R2 and R3 – GrO 

samples and not present in the R1 sample. R2 GrO shows a peak position at 1043cm-1  which 

represents the edge phenol groups in hydroxyl.  All reduced samples indicate the removal of 

oxygen-related functional groups and  however show some hydroxyl groups related functional 

groups are presented. 

UV analysis results indicate that all GO samples(reaction 1,2 and 3) show the presence of the 

aromatic phenol group in hydroxy in the wavelength range 215 – 250nm. Small hump peaks appear 

and that confirms the π →π* of the C=C and n- π for the C-O. All the GO obtained are oxidized and 

after reduction n- π transition  peaks are not present.  

Higher reaction temperature synthesized GO show very disordered structure with some 

graphitic ordering are present as observed from the (XRD) and TEM analysis results. Therefore, the 

very high temperature is not more suitable for obtaining a fully oxidized graphene oxide. We have 

concluded that GO synthesized at 350C  show all the characteristics of good graphene oxide and the 

same process was chosen as an optimum process for the following work.  
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Further,our experimental work from the  solvents effects for obtaining the exfoliation of Go 

for reduction of RGO suggests that DMF is better than DI water to obtain less disorder, more 

graphitic ordered structure.   
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Chapter -4 

Influence of the precursor graphite size on the structure, 

morphology, and bonding characteristic of the graphene 

oxide and reduced graphene oxide 

 

4.1. Introduction 

In the previous chapter, we have described the effect of different synthesis parameters on the 

synthesis of GO and RGO. This chapter mainly deals with the study of different sizes graphite on 

the synthesis of GO and RGO by MHM. 

4.2 Synthesis of graphite oxide by different sizes precursor 

graphite 

           

 Graphite oxide was synthesized from the graphite powder by modified Hummer’s method. In a 

typical experiment 4 g of graphite (2-15µm) powder was first added into 92 ml of the concentrated 

H2SO4 and then 2g of NaNO3 was prepared in a 2000ml beaker by keeping in an Ice bath string for 

30min.Under stirring, the mixture was cooled to 50C using an ice bath then, KMnO4 (12 g) was 

gradually added maintain the 50C   and continuing stirring, for 45mints. Then the Ice bath was 

removed and stirred for 1h at RT on a hot plate. The temperature raised from RT to 350C and 

stirring for 4h. As the temperature increased from 350C to 1000C at this stage 184 ml of DI water 

was added and stirred for 15 min. Further, the solution was diluted with 560ml of DI water. After 

that, 40 ml of 30% H2O2was added to the mixture to reduce the residual KMnO4. Finally, cleaning 

was carried out with DI water several times and then with 35% HCl twice (each time 80ml) until pH 

value reached to 7. The obtained graphite oxide (GO) was collected by centrifuging and filtering 

process. Finally, the resulting graphite oxide (GO) was dried at 600C for12 h in a vacuum oven. The 

same process was carried out for choosing another two sizes graphite powder as a precursor, one 

size is <45 and another size is 170-840µm. 
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4.3 RGO Preparation by chemical reduction process 

    In this process, 250mg of the obtained graphite oxide was taken in a 500ml beaker containing 

250ml DI water and sonicated for 60min to obtain a clearer solution. Then, 10ml hydrazine hydrate 

was added to the graphene oxide solution and heated at 950C with stirring for 6h. This experiment 

was carried on a hot plate by using the silicon oil both. After completion of the reaction, the solid 

material was filtered and washed with DIW and several times till PH=7.  Finally, filtered and dried 

at 600C by using a vacuum oven for 12h. Same reduction process also preferred for other two GO 

samples, those were synthesized by using same for <45µm  and 170-840µm size graphite powders 

as source material. 

4.4 Characterization of GO and RGO  

 

4.4.1 Structural analysis by XRD 

 

Fig.4.1 shows the XRD pattern of the different sizes graphite precursors. And all the 

different parameters as obtained from the XRD pattern are listed in table.1. All three samples have 

they similar 2θ values as shown in table.1. 2θ=26.60  and corresponding interplanar distance are 

3.3Å out of all these three sizes 170-840 and <45µm graphites have more intensity than 2-15 µm  

 

Fig.4. 1. XRD pattern of different sizes of graphite 
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due to its bigger sizes. The crystallite sizes are calculated by Debye Scherrer's  formula from 

XRD data and are 21.3nm,13.5nm, and 24.7nm for 2-15,<45 and 170-840µm respectively. 

Therefore, 170-840 µm graphite has larger crystallite size and < 45 µm has the least crystallite size. 

Table:4.1 Interplanar distance and crystallite size(XRD) of  the different  sizes of graphite 

Sample 

name 

2θ 

 

d 

nm 

D 

nm 

Shape of  

the peak 

FWHM 

 

2-15µm 

graphite 

26.7 0.324 21.3 sharp 0.38 

<45µm 

graphite 

26.8 0.324 13.5 sharp 0.60 

170-840µm 

graphite 

26.4 0.38 24.7 sharp 0.35 

 

Fig.4.2. shows the XRD spectrum of all these graphite after oxidation process. As shown in 

Fig.4.2.and the interplanar distance(d) increases to  7.1,7.7 and 7 Å for graphite oxide from the 

parent graphite having sizes 2-15,<45 and 170-840 µm respectively. The increase in the interplanar 

distance (d)  for all the three graphite oxide indicates that intercalation of the water molecules and 

oxygen functional groups between the graphite layers. However, in the case of graphite oxide, 

synthesized from  170-840 µm size graphite has another peak at 2θ = 26.40 with d = 3.4Å which 

indicates that  170-840 µm GO is partially oxidized. Therefore, bigger size graphite is not fully 

oxidized under this conditions and hence the oxidation process of graphite is size dependent,   i.e. 

the smaller size of graphite is fully oxidized within  4 hours’  time of reaction whereas bigger size 

(170-840µm) graphite needs more time or a different ratio of chemicals to be fully oxidized.  Also 

after oxidation, smaller size source i.e 2-15 µm graphite oxide has more intensity peak thane other 

two sizes, which indicates that 2-15 µm size, graphite oxide consist of more crystallinity than other 

two sizes synthesized GO. 

            Fig.4.3 shows the XRD spectrum after reduction of graphite oxide for all the three graphite 

oxide samples. It is seen that the interplanar distance(d) decreases from 7.5 to 4.5Å of all samples, 

which indicates the oxygen functional groups are subsequently removed and broad peaks represent 

that smaller crystallites are formed. Also, a small hump is noticed at 19-200 (as shown in figure 3 ) 
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indicates some functional groups are present in the carbon backbone after reduction process or 

another phase may be present in the RGO. 

 

Fig. 4.2. XRD pattern of different sizes of graphite oxides with different source graphtes. 

 

 

Fig.4.3. XRD pattern of different sizes of reduced graphene oxides. 
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4.4.2 TEM analysis of GO and RGO 

Fig.4.4.(a) – (c)  shows the TEM images of all three graphite oxides. It is observed from Fig.4.4(a) 

that less folding and disorder present in the smaller size graphite synthesized graphene oxide as 

comparative larger sizes source graphite synthesized graphene oxide. More thick sheet morphology 

and less transparent are observed from the reduced graphene oxide synthesized by using the 170-

840µm   graphite as compared to the smaller size graphite powder synthesized graphene oxide. 

From the SAED pattern  (as shown in Fig.4.4) shows the hexagonal structure of two rings are 

observed and HRTEM clearly shows the lattice fringes <4 layers of 2-15 µm graphene oxide. 

Clearly, shows diffraction spots indicates the characteristic of crystalline order which also supported 

by XRD results. Fig.4.4.(b) shows the <45 µm graphite oxide has more folding comparative with 2-

15 µm graphite oxide and SAED shows the ring like diffraction pattern indicates the polycrystalline 

nature of GO (as shown in Fig.4. 4 (b). HRTEM images show the more folding of lattice fringes of 

GO. Fig.4.4. (c) show the 170-840 µm graphite oxide TEM image represents the more thick sheet 

morphology and less transparency comparative to other sizes and also SAED and HRTEM show the 

multilayers nature of GO because of partially oxidized. Fig.4.4.(d) shows TEM image of 2-15 µm 

RGO has very less folding, flat sheet formation, and more transference in nature. The  SAED pattern 

shows the sharp diffraction spots which further indicates the restoration of SP2 hybridized carbon 

atoms by the chemical reduction. HRTEM image clearly conforms   <3-4 layers are present in the 

samples.  Fig.4.4.(e) shows the  TEM image of <45 µm RGO, which clearly shows more folding 

with transparency in nature and SAED pattern shows the very fewer intensity spots with a hexagonal 

structure. Moreover, the HRTEM image conforms even having single layer lattice fringes, which are 

distributed randomly. Fig.4. 4.(f) shows the TEM image of 170-840 µm RGO has a thick sheet and 

SAED pattern has sharp spots of multilayer formation. Therefore, TEM results correlated with the 

corresponding XRD results and concluded that after oxidation and reduction smaller size graphite 

synthesized reduced graphene oxide has good crystallinity and less folding as compared to that of 

bigger sizes graphite powder.  
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Fig.4. 4. TEM images (a),(b) and ( c) are 2-15,<45 and 170-he 840µm GrOs corresponding SAD and 

HRTEM images. and TEM images (d),(e) and ( f) are 2-15,<45 and 170-840µm RGO  corresponding SAD 

and HRTEM images. 

 

 4.4.3 Morphology analysis by FESEM   

The source graphite samples morphology are observed by using scanning electron microscopy and 

the graphite oxide and reduced graphene oxide samples are analyzed by FESEM. Fig.4.5 shows the 
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morphology the different precursor's graphite samples and the corresponding synthesized graphite 

oxide and reduced graphene oxide by SEM and FESEM. The graphite samples are seen by SEM, 

clearly shows the size of the samples as shown in Fig.4.5 (a-c ) are values are  2-15 µm, <45 µm and  

170-840 µm respectively. Fig.4. 5 (d-f) shows the FESEM images of the synthesized graphite oxide samples 

of 2-15 µm, <45 µm and 170-840 µm graphite oxide respectively. In which 2-15 µm graphite oxide shows 

more charging than <45 µm and  170-840 µm graphite oxide. Which indicates the more oxidation occurs 

synthesis samples. Fig.4.5. (g-i), as shown in the Fig.4. 5 (g), the morphology of the 2-15 µm 

RGO,<45 µm RGO and 170-840 µm RGO respectively. 2-15 µm RGO has a flat sheet and transferent 

than <45 and 170-840 µm RGO. Regarding the morphology of different size of RGO results of FESEM and 

TEM, they are supported each other.  

 

Fig.4.5 SEM images of (a) 2-15 µm graphite  (b) <45 µm graphite  and (c) 170-840 µm graphite and FESEM 

images of (d) 2-15 µm ,(e ) <45 µm  and (f) 170-840 µm graphite oxide. FESEM images of (g) 2-15 µm,(h) 

<45 µm and (i) 170-840 µm  reduced graphite oxide. 

 

 

 

.  
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4.4.4 Raman Analysis GO and RGO: 

Fig.4.6. shows the Raman spectrums of 2-15, <45 and 170-840 µm graphite oxide. These samples 

have typical D band and G bands. The D band appears at 1354,1353 and 1355cm-1 and G band at 

1590,1585 and 1585 cm-1 (ID/IG ratio are 0.95,0.88 and 0.78) for the 2-15,<45 and 170-840µm 

graphite oxides respectively. The D/IG ratio are 0.95,0.88 and 0.78 for 2-15, <45 and 170-840 µm  

 

Fig.4.6. Raman spectrum of  2-15, <45 and 170-840µm graphite oxides. 

 
Fig..4.7 Raman spectrum of  2-15, <45 and 170-840µm reduced graphene oxides. 

GO respectively.  The broad and the peak shift to a higher wavenumber of the G band, the ID/IG ratio 

increase to indicate god oxidation of the sample. Therefore, 2-15µm graphite oxide is oxidized more 
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as compared to the other two samples due to the shift of G band to the higher wavenumber and 

increasing of the ID/IG ratio. Fig.4.7.shows the Raman spectrums of 2-15, <45 and 170-840 µm 

reduced graphene oxide (RGO). The D band appears at 1348, 1342 and 13146 cm-1 and G band at 

1586, 1576 and 1580 cm-1. The ID/IG ratio of the three RGO samples are 1.32, 1.26 and 0.99 of 2-15, 

<45 and 170-840µm reduced graphene oxides respectively. After reduction, the ID/IG ratio increase 

as compared to the GO samples. This indicates that the new created graphitic domain in RGO is 

number than that presented in the GO i.e. size of the sp2 domain in GO decreases after chemical 

reduction. Therefore, 2-15µm RGO shows more ID/IG ratio in comparison to the other two sizes. 

Therefore the smaller size graphite consists of more formation of new sp2 domains after chemical 

reduction. This result can be correlated to the XRD results, to the formation of the broad peak in 

XRD after reduction. 

4.4.5 FTIR analysis for bonding characterization and functional  

groups 

               Fig.4.8 (a)  shows the FTIR spectrum of 2-15, <45 and 170-840 µm graphite oxides. All 

three samples have similar peak positions of the functional groups with very small variation in the 

intensity and broad peaks. The three samples consist of the functional groups are, 3400cm-1 of O-H 

stretching vibration of the hydroxyl groups and intercalated water molecules between graphite 

layers. 1724 cm-1 indicates the C=O stretch mode in the carbonyl groups, 1620 cm-1 contributes to 

the C=C skeletal vibration of unoxidized   Graphitic domains or contribution from the stretching 

deformation of O-H vibration of intercalated water, 1380 cm-1 indicates the OH deformation 

vibration of COOH groups, 1228 cm-1 attributes to the C-O stretching peak of epoxy groups and 

1051 cm-1 indicates the C-O group of alkoxy of stretching vibration mode. All three samples 

attribute broad and more intensity peaks for the hydroxyl and epoxy groups and fewer intensity 

peaks are observed for carbonyl and carboxyl groups i.e. a large amount of hydroxyl and epoxy 

groups distributed on the basal plane of GO and a small amount of carboxyl and carbonyl groups 

formed at edges of   GO sheets.   
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Fig.4.8. FTIR spectrum of (A) 2-15, <45 and 170-840µm  Graphite oxides and (b) 2-15, <45 and 

170-840µm  reduced Graphite oxides 

 

Fig.8 (b) shows the FTIR spectrum of 2-15, <45 and 170-840 µm reduced graphene oxides by 

hydrazine hydrate. It is seen that for all these three samples, the disappearance of 1724 cm-1, 1228 

cm-1   and 1051 cm-1  peaks of carbonyl, epoxy, and alkoxy respectively and also broadness is 

reduced. The removed from the hydrazine hydrate.  

 

4.4.6 TGA analysis of GO and RGO  

 

Fig.4.9  (a) shows the TGA spectrum of 2-15, <45 and 170-840 µm graphite oxides. These 

three samples show the weight loss at < 1000C and the wt% losses are 10.6, 11.5 and 8.3%  it is also 

observed that between 130-3000C, the weight loss is 37.4, 32.8 and 24.4% for the  2-15, <45 and 

170-840 µm graphite oxides respectively. These three samples show the different weight loss 

at<1000C and in between 130-3000C, which indicates the oxidation-dependent on the size of the 

graphite. At <1000C the weight loss due to the water molecules evaporation and between  130-

3000C range weight loss represents the decomposition of oxygen-containing functional groups such 

as yielding CO, CO2, and steam. <45 µm graphite oxides consists of more water molecules between 

the graphite layers in comparison to other two sizes graphite oxide. These water molecules can 

attribute to the more folding, polycrystalline and disorder of lattice fringes as seen in TEM analysis. 

There is an agreement between the XRD and FTIR results. At, 130-3000C range, more weight loss is 

observed 2-15 µm graphite oxide comparative other two sizes graphite oxides. i.e it consists of more 

oxygen-containing functional groups. Experimental results indicate the smaller size graphite easily 
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oxidized comparative to the bigger size graphite. Fig.4.9 (b) shows all the three RGO samples after 

the chemical reduction by hydrazine hydrate. As shown in Fig.4.9 (b) all those three samples 

thermally stable i.e. there is no sudden weight loss between 130-3000C range indicates the removal 

of oxygen functional groups. Hence, all are reduced graphene oxide. 

 

 

Fig. 4.9. TGA   analysis spectrum of (a) 2-15,  <45 and 170-840µm graphite oxides and (b) 2-15,  <45 and 

170-840µm reduced graphene oxides. 

 

4.4.7 DTA analysis of GO and RGO 

 

By using the DTA technique we can observe that material behavior through the endothermic 

(melting or boiling or sublimation of the material) process (or)  exothermic (crystallization of the 

sample) process. Fig. 4.10 (a) shows the DTA curves of 2-15,  <45 and 170-840µm graphite oxides 

samples. 2-15 µm graphite oxide exhibits the broad exothermic peak at 205ºC ( onset and offset 

temperature are 156 - 239ºC ) . in the case of <45µm graphite oxide samples has a sharp exothermic peak 

at 227ºC ( onset and offset temperature range is 192 - 248ºC ). 170-840µm graphite oxides sample 

contains the sharp exothermic peak at 235ºC ( onset and offset temperature range is 198- 262ºC ).  The 

exothermic peak indicates decomposition of the sample and crystallization. So that comparative higher size 

graphite oxide samples smaller size i.e 2-15µm sample has low crystallization temperature. Fig. 4.10 (b) 

shows the DTA curves of 2-15,  <45 and 170-840µm reduced graphene oxides samples. In this case, 

RGO samples <45 and 170-840µm reduced graphene oxides samples shows the thermally stable but 

2-15µm size RGO sample have two endothermic peaks such as 182ºC and 186ºC. So that, we may 
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be expected that due to the smaller size graphene sheet, it has a higher surface area that means the 

interaction between oxygen functional may be increased. 

 

 

Fig. 4.10. DTA analysis spectrum of (a) 2-15,  <45 and 170-840µm graphite oxides and (b) 2-15,  

<45 and 170-840µm reduced graphene oxides. 

 

4.4.8  UV- Analysis of different graphite size synthesized GO and RGO 

Fig.4.11. (a) Shows UV- spectra of the 2-15, <45 and 170-840µm graphite oxides as shown 

in Fig.4.11 (a), it shows two characteristic peaks those appear at 242nm, 249nm and 263nm for  2-

15 µm, <45 µm and 170-840µm graphite oxide due to π →π* transitions of the aromatic C –C 

bonds.  Other characteristic peaks appear at 297nm, 310nm and 305m for 2-15 µm, <45 µm and 

170-840µm graphite oxide due to n →π* transitions of C=O bond. The above peaks around 250nm 

indicate the more epoxy groups are formed in the synthesis graphite oxide. The peak at 263nm 

indicates the electronic properties of the GO with different coverage of OH and O form epoxy 

groups, which are deeply affected by the charge distribution as well as by the formation of hydrogen 

bonds. Fig.4.11. (b) shows all the three RGO samples by hydrazine hydrate, absorption peaks are 

269,270 and 270nm for the 2-15, <45 and 170-840 µm reduced graphene oxides respectively. These 

peaks indicate the restoration of SP2 carbons after the reduction process.  
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Fig.4.11. UV-Vis spectrum of (a) 2-15, <45 and 170-840µm graphite oxides and (b) 2-15, <45 and 

170-840µm reduced graphene oxides. 

 

4.5 Conclusion 

Three different sizes graphite precursor ( 2-15 µm, <45 µm, and 170-840µm,) are oxidized by 

MHM and then corresponding RGO are synthesized by hydrazine hydrate process. The analysis 

from the XRD, TEM, and Raman indicates that size graphite (2-5 µm) consists of more crystallinity 

in the GO and RGO. It is concluded smaller size precursors graphite fully oxidized in comparison to 

the large size graphite source material. Hence oxidation of graphite to graphene oxide is size 

depended on the source graphite and also shows better quality of reduced graphene oxide than other 

sizes of Go and RGO. Morphology of the GO and RGO of different sizes and graphite after 

oxidation and reduction are observed in TEM and FESEM.Which indicates that smaller graphite has 

a flat surface and more transference then the bigger size of the graphite . from the TG analysis it is 

observed that different weight loss in the graphite oxide which suggest that weight loss also depends 

on the size graphite due \to the oxidation rate. After reduction, all the samples are seemed to be 

thermally stable due to the removing the oxygen functional groups. FTIR analysis indicates that all 

the three samples of GO and RGO have similar functional groups with different intensity. UV 

spectroscopy analysis shows different abortion peaks which indicated that all the sizes graphite 

oxidized differently. Also, UV spectroscopy results confirmed that all the three GO samples are 

successfully reduced to RGO. In the next chapter, we describe the fabrication of a novel 

nanocomposite (graphene/al2o3) material by choosing the best-known synthesis process parameters 

for synthesis GO and RGO from this chapter and previous chapter results. 
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Chapter 5 
 

Influence of synthesis parameters on the synthesis of 

GO-Al2O3 nanocomposite by colloidal mixing process  

 

5.1 Introduction  

This chapter deals with the synthesis of prime-alumina nanocomposite by mixing the GO and RGO 

as described in the earlier chapter. From all the experimental results 2-15 µm size of graphite have 

shown the good quality of graphene due to its good crystallinity, more transference, and easily 

reduction. So that this material has high hydrophilic nature due to good oxidation.And easier to 

prepare nanocomposite. In this chapter, we have described graphene-based alumina nanocomposite 

by using the colloidal mixing process. This process has some advantage uses- full of the controlling 

the defects and metastable phases of alumina. 

5.2 source graphite oxide GO) and alumina nanoparticle for 

fabrication of nanocomposite  

 

 

Fig .5.1 XRD pattern of graphite oxide (a) and (b) nano alumina 

Fig. 5.1(a) shows the XRD pattern of graphite oxide. The XRD peak at 2θ = 12.90 , the interplanar 

distance is 7.1Å which is greater than graphite interplanar distance(3.3Å). This indicates the nature 

of oxidation. So that this material contained oxygen functional groups. This material was good 



109 
 

nature of hydrophilic. The Fig. 5.1(b) shows the XRD pattern of nano alumina. More intensity peaks 

of this material appear at 2θ= 32.5,37.5,45.2,61.5 and 66.70 and corresponding interplanar distances 

are 2.8,2,4,1.9,1.5 and 1.34Å, the plane of these peaks are (220),(311),(400),(511) and (400) 

respectively. 

 

Fig .5.2 FESEM images of graphene oxide (a) and (b)  gamma phase nano alumina. 

 

Fig. 5.2 (a) shows the FESEM image of graphene oxide. The sample was prepared by taking 50mg 

of graphite oxide dispersed in 50ml of DIW (con.1mg/ml), by 60 min. sonication and then one drop 

was cast on n-type Si wafer. As shown in Fig. 5.2(a) it clearly shows less folded sheet-like 

morphology with high transparency.  Which indicates the very good quality of graphene oxide. The 

Fig. 5.2(b) shows the FESEM image of nano alumina, which was prepared, by taking 100mg of 

nano alumina powder in 50 ml of DIW by  35min. sonication. From that solution, one single drop 

was cast on Si substrate and then gold coating was done. This image clearly shows the fine 

nanoparticles indicates the average size, of 13nm with less agglomeration of gamma phase alumina. 

            Fig.5.3 shows the image of  TEM, SAED, HRTEM and FFT profile of HRTEM of 

graphene oxide. This sample was prepared like the FESEM sample preparation instead of Si 

substrate using the holy carbon grid. The TEM image shows the large sheet-like, less folding and it 

appears with very high transparency. Which further indicates that very thin sheet of graphene was 

formed. The SAED pattern shows the two rings of hexagonal bright diffraction spots. So that the 

graphene oxide exhibits the graphitic nature. From the HRTEM image as shown in the Fig. 5.3(c), 
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1-5 graphene layers with interplanar distance is observed by the corresponding the FFT profile 

showed in Fig.5.3(d), the average the value is 0.52nm .this value less than XRD value because 

maybe the graphite oxide was dispersed in DIW and sonication cloud be the effect on the exfoliation 

of the graphene layers. But in the case of XRD sample, we have taken only graphite oxide powder. 

The SAED pattern clearly shows the two rings of hexagonal structure. which may indicate that the 

graphene layers are overlapping each other. From the TEM results, the graphene oxide shows the 

good quality of graphene. 

 

Fig. 5.3. TEM, SAED, and HRTEM images of graphene oxide(GO). 

Fig.5. 4 shows the images of  TEM, SAED, HRTEM and FFT profile of HRTEM of γ phase nano 

alumina. The sample preparation was carried out the same way for FESEM sample instead of Si 

substrate using the Cu grid. The TEM image shows that the γ phase alumina nanoparticles has 

nearly spherical shape and exhibits in less agglomeration. The SAED pattern clearly shows the 

polycrystalline nature. In this pattern, the 2nd ring has a bright spot, which indicates the (400) plane. 
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This plane is identified by the measuring the interplanar distance (d)  from the SAED pattern, the 

obtained value is 0.1916nm and comparison with XRD results, this value all most same. 

 

Fig.5. 4. The typical   TEM, SAED, and HRTEM images of gamma phase nano alumina ( γ -Al2O3). 

 

The 3rd ring of interplanar distance is 0.3154nm which similar to the XRD value. so the 

corresponding plane is identified as (440) and also measure the d value of the 1st ring from the 

SAED pattern is 0.232nm. The corresponding plane is (311) and the HRTEM shows the alumina 

fringes indicated two areas such as the 1st area of FFT showed in the figure, it has interplanar 

distance is 0.277nm and 2nd area shows the 0.241nm, the corresponding planes are (220) and (311) 

respectively. 

               FTIR technically is very useful for identification of bonding of oxygen-related functional 

groups. Fig. 5.5 (a) shows the FTIR spectrum of graphite oxide, the sample was prepared as a pellet 

by KBr, for FTIR analysis. The spectrum contains the different oxygen-related functional groups as 
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shown in Fig.5.5(a).  The broad and more intensity peak at 3401cm-1, which corresponds to the –OH 

groups in the hydroxyl and water of stretching mode of vibrations. The bands at 2925 and 2854cm-1 

are related to the CH2 group family. The sharp peak at 1719cm-1 due to the formation of ketone 

group of  C=O in the carbonyl or carboxyl groups. Very sharp and more intensity peak at 1622cm-1 

represents the unoxidized C=C bonds in the skeleton carbon network and also represents the 

intercalated water molecules of bending vibrations. The band at 1384cm-1 represents the presence of 

deformed hydroxyl groups and the 1300-1100 cm-1 range represents the carboxyl or ether related 

groups. The more intense and sharp peak at 1052cm-1 indicates the epoxy or alkoxy functional 

groups. The presence of these oxygen-related groups indicated the higher level of oxidation for the 

graphite. 

 

Fig. 5.5 FTIR spectrum of graphite oxide. 

Fig. 5.5 shows the FTIR spectrum of alumina nanoparticles. In the spectrum, the sharp and 

broadband at 3465cm-1 indicate the –OH groups of hydroxyl or absorbed water molecules of 

stretching vibrations. Very small humps are appearing at range 2900-2800cm-1 due to the CH2 

related groups. Another sharp peak at 1634cm-1 indicates the presence of bending vibrations of 

water molecules. the broad shoulder at 830cm-1 represent the tetrahedral sites of AlO4 and the peak 

at 554cm-1 indicates the octahedral sites of AlO6. The coordination of tetrahedral and octahedral 

presence indicates the γ phase nano alumina. 
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Fig.5. 6. FTIR spectrum of nano alumina. 

 

5.3 preparation of GO/Al2O3 nanocomposite 

GO/RGO - Alumina nanocomposite was prepared by the colloidal process. In this process, 

initially GO was dispersed in water by sonication then separately prepared alumina dispersed in 

water was mixed and mechanically stirring was carried out by varying the parameters such as 

temperature, additives, different weight percentages and are listed in table 5.1. 

A set of six GO/Al2O3 nanocomposites were fabricated by different synthesis parameters and are 

listed in table 5.1. and as follows 

 

1) R1 and R2 synthesis variation in reaction temperature without using any additives. 

2) R2 and R3 synthesis for variation in different weights without using any additives. 

3) R4 and R5 synthesis for variation in different weights with using HCl using as an additive. 

4) R2 and R5 synthesis for variation in without HCl and with HCl. 

5) R5 and R6 synthesis for variation in adding additives are HCl and Hydrazine hydrate. 
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 Table 5.1  Different reaction parameters for synthesis of  GO/RGO - Alumina nanocomposite by the 

colloidal process 

 R1 R2 R3 R4 R5 R6 

GrO 

DIW 

Sonication time 

 

50mg 

50ml 

1h 

50mg 

50ml 

1h 

50mg 

50ml 

1h 

1mg 

20ml 

1h 

50mg 

50ml 

1h 

50mg 

50ml 

1h 

Alumina(13nm) 

DIW 

Sonication time 

25mg 

25ml 

35min 

25mg 

25ml 

35min 

50mg 

50ml 

35min 

50mg 

50ml 

35min 

25mg 

25ml 

35min 

25mg 

25ml 

35min 

Ratio of 

GO:Al2O3 

2:1 2:1 1:1 1:50 2:1 2:1 

Additive …… ……. ……. HCl HCl Hydrazine 

hydrate 

Stirring time 4h 4h 4h 4h 4h 4h 

Reaction 

temperature 

 

RT 

 

800C 

 

 

800C 

 

 

800C 

 

 

800C 

 

 

800C 

 

Dried 

temperature 

RT 800C 

 

800C 

 

800C 

 

800C 

 

800C 

 

 

5.4 Structural analysis by XRD:  

Fig. 5.6 shows the XRD pattern of GO/Alumina nanocomposite of R1 and R2, as shown in 

Fig.5.6. Samples exhibit the similar pattern. Peak positions and intensity are same for both samples. 

So these conditions have no effect on the structure of the nanocomposite. Fig. 5.7.  shows the XRD 

pattern of GO/Alumina nanocomposite of R2 and R3 for variation in weight of the alumina at 

constant GO without the additive. Comparative each other samples, both samples have same peak 

positions but the GO peak intensity are different. R3 sample has low intensity than R2 and also 

alumina peaks intensity more for R3 than R2. Hence, we observed that when the alumina quantity 

increased the GO peak intensity reduced. 
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Fig.5.6 Comparative XRD of  GO/Alumina nanocomposite of R1 and R2. 

. 

 

Fig. 5.7. Comparative  XRD pattern of  GO/Alumina nanocomposite of R2 and R3 

.  
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Fig.5.8. Comparative  XRD pattern of  GO/Alumina nanocomposite of R4 and R5 

 

Fig. 5.8.  shows the XRD pattern of GO/Alumina nanocomposite of R4 and R5 varying the different 

weight % of GO using HCl. R4 sample has very less quantity of the graphene oxide comparative to 

the R5. R4 sample does not show the GO peak but R5 sample shows the more intense peak of 

graphene oxide and alumina peaks intensities are high for the sample(R4) than R5. From this results, 

we concluded that no peak does not alumina –GO appear due to the very small amount was 

incorporated in the nanocomposite synthesis.that’s why GO-peak is dominated by the alumina peaks 

intensity. The formation of the composite can be further analyzed by Raman, FTIR, and TEM.  

     Fig. 5.9  shows the GO/Alumina nanocomposite of R2 and R5, these samples are 

synthesized with 2:1 of GO to alumina nanoparticles and only the variation is that the R2 sample 

prepared without HCl as an additive and in R5 sample was synthesized by employing  HCl as an 

additive. The spectrum as shown in Fig.5.9 clearly shows the same peak positions and intensity but 

only the difference in the GO peak intensity of both samples. R2 sample has high intensity than R5. 

This result indicates that HCl may be reacted with the oxygen functional groups in the GO sample. 

That’s why the GO peak intensity may be reduced. This results will be correlated with the FTIR 

study in the next section 
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Fig.5.9  XRD pattern of  GO/Alumina nanocomposite of R2 and R5 

 

Fig.5.10. XRD pattern of  GO/Alumina nanocomposite of R5 and R6 

Fig.5.10  shows the XRD pattern of GO/Alumina nanocomposite of  R5 and R6 samples. R5 and R6 

samples are also synthesized at same synthesis parameters (2:1 ratio of GO and Al2O3 nanoparticles 

) but the additive such as HCl is used in R5 and hydrazine hydrate is used in R6. As shown in 
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Fig.5.10, the alumina peak positions appear the same way for both the R5  and R6 samples whereas 

R5 sample shows the graphene oxide peak but R6 sample shows broad RGO peaks. The alumina 

peaks intensity increases in R6 than R5 sample. Which indicates that some of the oxygen-related 

functional groups are removed in R6 sample due to the hydrazine hydrate additive. Therefore, from 

XRD analysis we concluded that only in case of R6 sample reduction occurs and RGO – Al2O3 

nanocomposite is formed, whereas all other samples are still GO - Al2O3 based nanocomposites. 

 

5.5 Bonding characteristics by FTIR  

FTIR spectroscopy is a very used full technique to analyze the composite material. By using this 

technique, we can identify the functional groups such as oxygen-related groups in GO  and newly 

formed bonds in the GO-based nanocomposites. Therefore, all the nanocomposites were analyzed 

by using the PerkinElmer FTIR in the wave number range 500 – 4000 cm-1.   Fig. 5.11 shows the 

FTIR spectrum of GO/alumina nanocomposite of R1 and R2. Both the samples are synthesized with 

different temperature, R1 was performed at room temperature (RT) and R2 synthesis was carried out 

at 800C by the colloidal process. Both the samples show the mostly same functional groups and little 

bite change was observed in their band positions. As shown in Fig.5.11 also we observed little 

variation in their intensity and broadening of the band's properties. 

It is observed that these nanocomposite materials have different band positions in comparison to the 

pure alumina bands and graphite oxide bands, further some bands are absent in the nanocomposite. 

For instance, C-H related groups at 2925cm-1 and 2855cm-1 are present in GO, but these peaks are 

absent in both R1 and R2 samples. Further, both GO and alumina does not show any C=O related 

functional groups but after formation of GO/alumina nanocomposites, these appear. Almost all the 

bands are 1264,1222 and 1166cm-1 of GO, disappear after formation of the nanocomposite. The 

band in GO at 1052cm-1 is red-shifted to at 1077cm-1, which is related to Al-O-Al formation or (OH-

Al=O) groups and also ketone group(C=O)  at 1719cm-1 of GO band completely disappearance after 

formation of GO/alumina nanocomposites. 
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Fig.5.11   FTIR spectrum of  GO/Alumina nanocomposite of R1 and R2 

 

Fig. 5.13 shows the FTIR spectrum of R4 and R5 GO-alumina nanocomposite . in these case the 

band positions of R1 and R2 at 3402 and 3404cm-1 are nearly equal but their peak intensity at 361 

cm-1 and 1258cm-1 of R1 and  267 cm-1 and 1134cm-1 of R2 not same. The peak intensity decreasing 

and broadening may be due to the less presence of hydroxyl group or water molecules appear in R2 

than R1, this may happen due to the different reaction temperature. CO2 molecules band position at 

2348cm-1 for R1 and 2349cm-1 for R2, and appears at 37 cm-1 and 75cm-1 for R1 and 45 cm-1 and 

82cm-1 for R2 respectively. So R2 has more formation of CO2 than R1. The band position at 

1623cm-1 is same for both the samples, R1 has a peak intensity at 248 cm-1 and is 323cm-1and R2 

has 205 cm-1 and 342cm-1. These band positions indicate the C=C and bending of the water 

molecules. The intensity of these peaks decrease in R2 sample represents that water molecules may 

be removed as compared to  R1. The band's position appears at  1387 cm-1 and 1383cm-1 for R1 and 

R2, it is seen that a little bit peak shift but this range represents the deformation of OH bonds. The 

peak intensity and broadening at 85 cm-1 and 148cm-1 for R1 and 68 cm-1 and 153cm-1 for R2, show 

that the intensity decreases more for R2 than R1. The band positions appear at 1077 cm-1 and 

1076cm-1 of R1 and R2 indicate the (OH)-Al=O asymmetric bends or Al-O-Al bond due to the 

symmetric bend modes.  The intensity and broadening of the peaks at 72 cm-1 and 158cm-1 for R1, 

and 59 cm-1 and 131cm-1 for R2. Indicates that the peak intensity decreases more in R2 due to the 
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different reaction temperature. The tetrahedral sites AlO4 intensity is more in R2 than  R1 sample. 

From the XRD results of R1 and R2, it is seen that both samples show the similar intensity and same 

peak positions, here XRD is not very efficient to study the functional groups, and thus FTIR 

spectroscopy is more significance for  the  study , further, we can measure the bond and bond 

interaction i.e the functional groups interaction more clearly by the broadening of the peak.Fig.5.12 

shows the FTIR spectrum of R2 and R3 GO-alumina nanocomposite. Both the samples are 

synthesized without additive and different wt% of alumina nanoparticles,  R2 has more go wt% than  

 

Fig. 5.12.  FTIR spectrum of  GO/Alumina nanocomposite of R2 and R3 

 

R3 sample.therefore, these samples show different of OH and water molecules at 3404 cm-1 and 

3412 cm-1 for bands. Both samples have same band position at 2349cm-1 with different intensity, the 

intensity of R2 > R3 and broadening are also increased. The band at 1623cm-1 is same for both the 

samples. The Al-O-Al band at 1076cm-1 is same for R2 and R3 with little different intensity and 

broadening, R3 sample has more intensity and broadening comparative to R2 and also AlO4 site 

intensity is also increased in R3 than R2. Because the GO content is more in R2 sample. We have 

used HCL as an additive and different weights of GO (1:50 for R4 and 2:1 for R5). these samples 

show different band position and also newly bands appear in FTIR spectra as shown in Fig.5.13. R4 

sample contains very less quantity of graphene oxide than R5. R4 has a band at 3444cm-1 and R5 

has a band at 3392cm-1 so these samples contain different OH and water molecules. Both samples 
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show same band position at 2354 cm-1  for CO2 with different intensity peak brooding. R4 sample 

band position at 1400cm-1 indicates the carbon-hydrogen (CH3),-carbon(C-C) and –Oxygen (C=O) 

deformation, and R5 shows a  band position at 1388cm-1 which indicates the OH deformation 

groups. R4 shows a band at 1639 cm-1 and R5 shows a band at 1615cm—1. The intensity of the 

peak at 1264 and 1051cm-1 corresponds to GO peaks. R5 shows a band at 1082cm-1 which is related 

to the Al-O groups. Band of AlO4 intensity is more for R4 than R5 sample. 

 

 

Fig. 5.13.  FTIR spectrum of  GO/Alumina nanocomposite of R4 and R5 

 

Fig. 5.14 shows the FTIR spectrum of GO/alumina nanocomposite of R5 and R6. For HCl 

was used as an additive for R5 and hydrazine hydrate as an additive for R6, with same ratios of GO 

and Al2O3 nanoparticles. these two samples show the different bond formation also some of the new 

bands appear. R6 shows the removal of hydroxyl and water molecules due to the disappearance of 

the peak at  3401 cm-1 in comparison to R5 sample. R5 sample shows the intensity and broad peak at 

3392cm-1. The band at 1623cm-1 is not present for the R6 samples and a newly formed peak appears 

at 1546cm-1 which is a C=C bond. And does not contain any oxygen-related groups. Both the 
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Fig. 5.14.  FTIR spectrum of  GO/Alumina nanocomposite of R5 and R6 

samples show peak positions at 1615 cm-1  and 1082 cm-1. The peak at 1082 cm-1 is not present in 

the R6 which indicates that OH related groups are completed remove. The peak intensity of the 

AlO4 of the R6 sample is similar to the alumina. Therefore RGO-Al2O3 nanocomposite formation 

happened only for the R6 sample which is synthesized by using hydrazine hydrate as an additive.  

5.6 Morphology analysis by FESEM 

FESEM is an analytical tool for identification of morphology of the materials. Fig.5.15  shows the 

FESEM images of GO/alumina for R1, with different magnification. As shown in Fig. 5.15, the 

alumina nanoparticles are attached to the graphene oxide sheet very uniformly. Because the alumina 

nanoparticles interact with the oxygen functional groups present in the GO. 
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Fig.5.15 shows the FESEM images of GO/Alumina nanocomposite synthesis at room temperature (R1). 

 

Fig.5.16 shows the FESEM images of the GO/Alumina composite synthesis at 800C (as shown in 

table 5.1) with different magnification images. As it is seen from Fig.5.16, that the alumina 

nanoparticles are embedded with the graphene oxide sheets. In this case, the graphene oxide sheets 

are more transference than R1 sample. 

                  Fig. 5.17  shows the different magnification FESEM images of GO/Alumina composite 

(R5) synthesis at 800C in the presence HCl as an additive. The low magnification image shows the 

bulk graphene flake with alumina nanoparticle. At medium magnification image shows the graphene 

oxide sheets completely covered with alumina nanoparticles and the high magnification image 

shows the alumina nanoparticles are situated on the graphene oxide sheet. 
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Fig. 5.16. shows the FESEM images of GO/Alumina nanocomposite synthesis at 800C (R2)  

 

Fig.5.17. shows the FESEM images of GO/Alumina nanocomposite synthesis in the presence of additive 

as HCl at 800C (R5). 
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Fig.5.18.The FESEM images of GO/Alumina nanocomposite synthesis in the presence of additive as 

Hydrazine hydrate at 800C (R6). 

 

Fig.5.18 shows the different magnification FESEM images of GO/Alumina nanocomposite prepared 

in the presence of hydrazine hydrate as an additive at 800C and the sample indicated as R6. This 

sample shows high transference than other samples. Because of reduction of GO to RGO. This 

sample indicates that a number of alumina nanoparticles are bonded to the graphene sheets 

uniformly, therefore FESEM analysis suggests that different morphological GO – Al2O3 and RGO - 

Al2O3 nanocomposite are synthesized by varying the reaction temperature and additives during the 

synthesis. 

5.7 TEM analysis of the nanocomposite 

Transition Electron Microscopy(TEM) can be used to gain more information about the structure and 

morphology of the materials. It can be very useful to identify the composite materials. All the 

nanocomposites are analyzed by using a TEM at 200KV acceleration voltage and bright field 

images were taken. 

Fig.5.19 shows the TEM, HRTEM images and SAED pattern of the  GO-alumina composite  R1 for 

this purpose  1mg GO – Al2O3 nanocomposite was dispersed in 20ml of DI water and sonicated for 

one hour. Then one drop of the solution was cast on a lacy carbon grid and dried at 800C on a hot 
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plate. As shown in Fig.5.19, the alumina nanoparticles are attached to the graphene oxide sheet. The 

HRTEM of the corresponding the TEM images contains the fringes of alumina and graphene oxide. 

In the HRTEM image,  we had select two areas as area1 and area2 and calculated the interplanar 

distance (d)  between two fringes by using fast Fourier transformation (FFT) profile as shown in  

 

Fig.5.19 TEM images of GO-alumina nanocomposite of R1.(a) TEM image, (b) HRTEM image, (c) 

FFT, (d) IFFT, ( e) SAED pattern of the R1 sample 

 

Fig.5.19(c) and inverse fast Fourier transformation(IFFT) profile (Fig.5.19 (c)). We obtained the 

interplanar distance for area1, the value is 0.28nm and from the IFFT, the value is 0.28nm. hence, 

area1 in the figure 5.19 ( b) corresponding to the γ phase alumina and agreed with the  XRD data, d 

= 0.28nm. the corresponding plane is (220) at 2θ = 32.40, this is alumina peak. For area 2 interplanar 

distance from FFT, is 0.245nm and IFFT,  d value is 0.245nm. this value indicates the  (311) plane 

for γ alumina. In the HRTEM image, we choose the three layers of graphene oxide and the 

corresponding IFFT showed in the figure and obtained interplanar distance is 0.564nm and from the  

FFT profile,  d is 0.662 nm, which is less than as obtained from  XRD data, this may be due to the 

graphene oxide formation of fewer layers comparative to the graphite oxide (in powder form ). The 

SAED pattern shows two rings with hexagonal diffraction bright spots. This indicates the good 
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quality of graphene oxide. In this image between two rings on the ring is also observed with fewer 

intensity spots of the polycrystalline ring which belongs to the alumina particles.  Therefore, we 

concluded that the alumina nanoparticles interact with the oxygen functional groups present in the 

GO. Thus, TEM analysis indicates the formation of the GO- γ phase alumina nanocomposite. 

 

Fig. 5.20  TEM images of GO-alumina nanocomposite of R2. 

Fig. 5.20 shows the TEM, HRTEM and SAED pattern of the R2 sample synthesis at 800C without 

additive, this sample preparation is carried same way R1 sample discussed above. As shown in 

Fig.5.20, the alumina nanoparticles are embedded in graphene oxide sheets. And the graphene oxide 

fringes can be identified. Further, the alumina nanoparticles are more agglomerated than the R1 

sample. The Fig.5.20 (b) shows the  HRTEM  of the corresponding TEM image. In this image, we 

have chosen two distinct areas and taken corresponding the IFFT profile as shown in the Fig.5.20 

(d) and (e). the interplanar distance is nearly 0.7nm, this value coincided with XRD results and 

confirmed the GO. Another area, the fringes contain two types of interplanar distance such as d= 

0.245nm and 0.28nm, those are γ phase alumina with (311) plane and (220) respectively. The 

Fig.5.20 (c ) shows the SAED pattern of R2 sample, it appears as ring pattern with a light intensity 
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of diffraction spots. The ring pattern indicates the disordered present in the sample. The HRTEM 

clearly shows the graphene oxide fringes those are more disorder. This disorder may occur due to 

the high-temperature reaction and also due to the particles are mostly agglomerated. In the 

nanocomposite as shown in Fig.5.20 (a) . 

 

 

Fig.5.21 TEM images of GO-alumina nanocomposite of R3. 

Fig.5.21 shows the different magnification images of  TEM for the R3 sample, this sample 

preparation also same as mention the previous sample above. As shown in Fig.5.21 more alumina 

nanoparticles appear with very less GO content in the nanocomposite. In the higher magnification 

image as shown in Fig.5.21 (e and f), graphene oxide sheets are observed in the background of 

alumina nanoparticles and also clearly indicates the mixing of alumina nanoparticles with graphene 

oxide sheet. In the HRTEM image, as shown in Fig.5.21 (f)  the graphene oxide fringes are appeared 

around the alumina nanoparticles. which indicates that the alumina nanoparticles are attached to the 

graphene oxide sheet. TEM analysis concludes that alumina nanoparticles are not sitting on the 

graphene sheet, but are bonded to each other by the covalent or electrostatic forces.  
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Fig. 5.22  TEM images of GO-alumina nanocomposite of R3. 

                Fig. 5.22 shows the HRTEM, SAED, and IFFT of HRTEM images of sample R3. As 

shown in Fig. 5.21 fine fringes of alumina and graphene oxides are clearly observed. The 

corresponding IFFT images as shown in Figure (c) and (d) respectively. The IFFT profile of alumina 

indicates the interplanar distance (d) is 0.29nm which is nearly equal to the (220) plane of γ phase of 

the nano alumina. The interplanar distance of graphene oxide is calculated by IFFT profile 

Fig.5.22(d), and value of d= 0.66 nearly. It confirmed that the GO/ γ phase alumina nanocomposite 

is formed. The SAED pattern shows the ring pattern. which indicates the disorder of the graphene 

sheets and alumina nanoparticles may be randomly attached to GO sheets. 

            Fig. 5.23  shows the TEM, HRTEM images and SAED pattern of the GO/alumina composite 

of R4. As shown in the Fig.5.23 (a) alumina nanoparticles are embedded in the graphene oxide 

sheets. From SAED pattern ( Fig. 5.23 (b) ), the diffraction pattern is clearly seen that indicates 

sample is polycrystalline nature. Fig. 5.23 (c) shows the HRTEM image, this image indicates the 

alumina fringes and graphene oxide fringes. Fig. 5.24 shows the TEM, HRTEM, SAED and IFFT 

profile of HRTEM image for R5. This sample was synthesized in the presence of HCl as an additive 

and reaction temperature at 800C. as shown in Fig.5.24, the alumina nanoparticles are attached to the 
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graphene oxide sheet. This sheet appears as the highly transference and alumina nanoparticles are 

agglomerated as shown in Fig.5.24 (a). Fig.5.24 (b) HRTEM image clearly indicates the 

 

Fig. 5.23 TEM images of GO-alumina nanocomposite of R4 

 

 Fig. 5.24. TEM images of GO-alumina nanocomposite of R5 

graphene oxide fringes and alumina nanoparticles. We observed that in the HRTEM image, around 

the nanoparticles graphene oxide fringes are present and hence looks like a core cell. In the HRTEM 

image, we have taken the IFFT profiles for the alumina and graphene oxide as indicated areas in  

Fig. 5.24 (c) represent the IFFT profile for the GO, as discussed in the, we observed the interplanar 

distance (d) is 0.73nm which is more than XRD results. Fig. 5.24 (d) indicates the HRTEM image of 
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IFFT for alumina nanoparticles, from this profile calculated interplanar distance (d ) values,  are 

0.246nm and 0.28nm and the corresponding planes are  (311) and (220) of γ phase nano alumina. 

The Fig. 5.24 ( e ) shows the SAED pattern of the sample R5, it clearly shows the formation of 

hexagonal diffraction spots with low intensity. Also, we have observed the alumina ring pattern. So 

in comparison with the previous sample, this sample has less disorder. TEM results evidence the 

formation of the GO/alumina nanocomposite. 

  

Fig. 5.25.   TEM images of GO-alumina nanocomposite of R6 

Fig. 5.25. The TEM, HRTEM images, and SAED pattern for R6, which was synthesized at 800C in 

the presence of hydrazine hydrate as an additive. For TEM  t1mg of the nanocomposite, power was 

dispersed with 20ml of ethyl glycol (EG) and sonicated for one hour. Then one droplet of this 

solution was cast on the Holly carbon grid and dried at 800C on the hot plate. As shown in Fig.5.25 

graphene –alumina nanocomposite is formed. And Fig.5.25 (b) clearly shows the graphene sheets 

are around the alumina nanoparticles. Fig.5.25 ( c) shows the FFT profile of the selected area of the 

HRTEM image, which indicates that the interplanar distance is 0.4 nm and very well agreed with the 

XRD results. The inset the IFFT  image clearly shows the appearance of RGO. The fig. 5.25 (d) 

indicates the IFFT image of the alumina area in HRTEM image, the interplanar distance is 0.28nm, 
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for the  (220) plane of the γ phase alumina. The Fig.5.25 (e ) shows the SAED pattern of the R6, 

which clearly shows the bright spots of hexagonal manner. This belongs to the RGO present in the 

composite and very low-intensity spots are arranged in polycrystalline nature indicates that alumina 

nanoparticle is a presence in the sample. Therefore, from TEM analysis we concluded that reduced 

graphene oxide (RGO) /Alumina nanocomposite. 

5.8 Raman analysis of the nanocomposite 

Raman technique is a very useful tool for the analysis of graphene-based composite materials. In 

this work, we have used the powder form the GO-alumina nanocomposites. We have analyzed these 

samples by using the micro Raman spectroscopy with a 532nm laser source. 

Table:5.2  D,G  band and ID/IG ratio of all the nanocomposite ( R1 – R6 ) 

Sample name D band (cm-1) G band (cm-1) ID/IG ratios 

R1 1352 1590 0.97 

R2 1355 1590 0.98 

R3 1350 1590 0.97 

R4 1352 1599 0.95 

R5 1352 1590 0.94 

R6 1343 1585 1.04 

  

Fig. 5.26 shows the Raman spectrum of all the synthesis of GO/alumina nanocomposites. Fig. 5.26 

(a) shows the sample R1 and R2 of Raman spectra, these samples were prepared at different 

temperature variation such as R1 at RT and R2 at 800C, without adding any additives. These 

samples have same G band position and ID/IG ratios are nearly same as shown in table 5.2 and the 

R2 sample has little bit increased the D band position and peak boarding than R1. may be due to the 

high-temperature reaction. The fig. 5.26 (b) shows the Raman spectra for R2 and R3 as seen similar  
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Fig. 5.26. The Raman spectrum of different GO/alumina reaction with the comparison. 

 

peak positions and nearly equal ID/IG ratio. The Fig. 5.26 (c) shows the Raman spectra for R4 and 

R5 low and high content of GO in the presence of HCl for R4 and R5 respectively. These samples 

show the different G band positions as shown in table 5.2 and have same D band positions also R4 

sample shows the more fluorescence significance than R5. The Fig. 5.26(d) shows the GO/ alumina 

nanocomposite synthesis at 800C in the presence of an additive such as HCl for  R5 and hydrazine 

hydrate for R6. These two samples show the different band position and intensity of the band, as 

shown in table 5.2. In case of R6 sample, the G and D band positions are blueshifted and also ID/IG 

ratio increases than R5.  
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Fig. 5.27.  The TGA curves of different GO/alumina reaction with the comparison (a) pure alumina, 

(b) graphite oxide (2-15 sample) (c) and (d) GO/ alumina nanocomposite and corresponding 

magnification respectively. 

 

Fig.5.27 (a) shows the pure γ phase alumina TGA curve, this sample have different weight loss at 45 

to 250ºC (3%), 250 to 375 ºC (0.4%), 375 to 681 ºC (1.8%) and Fig.5.27 (b) 2-15 µm size graphite 

oxide . This sample was explained in the previous chapter. Fig.5.27 (c) shows  TGA analysis of 

different synthesis parameter GO/alumina nanocomposite. R1: 55 to 178 ºC (18.4%), 178 to 243 ºC 

(62.5%),  R2: 55 to 178 ºC (14.5%), 178 to 243 ºC (16%), R3: 55 to 178 ºC (15.6%), 178 to 243 ºC 

(14.4%),  R5: 55 to 178 ºC (12.7%), 178 to 243 ºC (13.6%),  R6:391.6 to 950 ºC (31%). All samples 

show the different weight loss comparative to pure alumina and graphite oxide samples which 

indicate GO/alumina nanocomposite are formed in all samples but R4 and R6 samples show the 

thermally stable. so that  R6  sample indicates the formation of RGO/ alumina nanocomposite. 

Fig.5.28(a) pure alumina DTA curve it shows the different endothermic peak positions are 445 

ºC,601˚C,690˚C,786˚C, and 885˚C. and Fig 5.28 (c)  shows the different exothermic peaks such as 

R1 :  exothermic peak at 227˚C , R2: exothermic peak at 228˚C , R3 :  exothermic peak at 225˚C R5 

:  exothermic peak at 201˚C. 
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Fig. 5.28. The DTA curves of different GO/alumina reaction with the comparison (a) pure alumina, 

(b) graphite oxide (2-15 sample) (c) and (d) GO/ alumina nanocomposite and corresponding 

magnification respectively. 

 

5.9 conclusion 

                    A set of six nanocomposites are prepared by colloidal mixing process by varying the 

reaction temperature ( at RT and 800C) and different additives such as HCL and hydrazine hydrate. 

All the characterization results such as XRD, FESEM, FTIR, Raman, TGA/DTA and TEM are 

discussed in this chapter for all these nanocomposites. It is concluded that only when hydrazine 

hydrate was used as an additive GO is reduced during the synthesis process and RGO – Al2O3 

nanocomposite is  formed. All other cases GO – Al2O3 nanocomposites are only formed.In the next 

chapter, we described the effect of GO wt% in the formation of nanocomposites by using hydrazine 

hydrate as an additive.  
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Chapter 6 

Influence of GO wt% in the formation of RGO-Al2O3 

Nanocomposite 
 

 

6.1 Introduction 
 

This chapter deals with the influence of GO wt% on the formation of GO –Al2O3 / RGO-Al2O3 

Nanocomposite. For this for this purpose, ~0.49 wt %, ~0.99wt %, ~2.9wt%,4.8wt%,9.1wt%, and 

20wt%. GO  was taken and a set of six nanocomposites with variation in GO wt%  were synthesized 

by the colloidal process. 

6.2  Preparation of different GO wt% in the formation of 

RGO-Al2O3 Nanocomposite 
 

All the nanocomposites were synthesized by varying the different GOwt% such as 0.49,  0.99,  2.9, 

4.8, 9.8 and 20wt%  GO through the colloidal process as already discussed in the previous chapter. 

Table 6.1 synthesis parameters for varying the GO wt% composite. 
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6.3 Structural analysis by XRD 

Fig.6.1 shows the XRD spectrum of different GO wt% nanocomposites, these samples shows the 

different intensity of RGO and alumina peaks.small wt% of GO shows the less interplane distance at 

0.5 nm for 0.49wt% ( 1 mg of GO). more interplane distance is increased up to 0.35 nm when this 

happened to GO content was increased, this more interplane represents the successfully obtained, 

reduced graphene oxide alumina nanocomposite, in these composites, γ phase nano alumina have 

different intensity with same peak positions, the interplanar of the alumina peaks are d = 0.28nm ( 

220 ), 0.239nm(311), 0.228(222), 0.1974nm (400), 0.1395nm(440) and 0.114nm(444), these peaks 

are more dominant intensity peaks in γ phase alumina. During the formation of RGO alumina 

nanocomposite, in this composite, the alumina structure was not affected by the colloidal process. 

 

 

Fig.6.1   Typical XRD spectrum of different GO wt% nanocomposites 
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6.4 Raman Analysis of different GO wt% nanocomposites 

Fig. 6.2 shows the Raman spectrum of different GO wt% nanocomposites. All samples exhibits D 

and G band with different band positions and ID /IG ratios showed in table 6.2.  

 

                     Fig.6.2 Raman spectrum of different GO wt% nanocomposites. 

Table 6.2 . D, G band position and ID/IG  ratios of different GO wt% nanocomposites 

Sample 

name 
D(cm-1)  G(cm-1)  ID/IG 

GO 1354 1590 0.95 

0.49wt% GO 1347 1582 1.15 

0.99wt% GO 1346 1581 1.10 

2.9wt% GO 1348 1581 1.11 

4.8wt% GO 1345 1581 1.14 

20wt% GO 1343 1576 1.16 
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From the table 6.2, when increasing the GO content the D band and G band positions and ID/IG  

ratios are also varying. Comparative GO samples all the composite samples exhibit the higher ID/IG  

ratios and D band and G band positions are blueshifted showed in table 6.2. this indicates the 

removal of oxygen functional groups in GO  and formed the RGO/ γ phase nanocomposite. When 

GO content was increased D and G band position are shifted to the lower wavenumber side. 

Comparatively from all samples, 20wt% of GO content samples shows the higher blue shifted in the 

band position in the band position than in band position bonding formation may differ from the 

other samples. 

6.5 FTIR  Analysis of different GO wt% nanocomposites 

Fig.6.3 shows the FTIR spectrum for the different GO content nanocomposite. As shown in Fig. 

6.3., the differential functional groups  are present with varying intensity and broadening.Also, peak 

positions are shifted. The corresponding functional groups are listed in Table 6.3  

 

 

Fig. 6.3 FTIR spectrum of different GO content in nanocomposite 
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Fig. 6.4 (a) – (e) FTIR spectrum of different range (3000- 1400) for  different GO content 

nanocomposite different . 

 

Fig. 6.5 (a) – (e) FTIR spectrum of different range (1400- 400) for  different GO content nanocomposite 

different 
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As shown in  Fig. 6.4 and 6.5,  the band at 3465 cm-1 which is related to the OH in hydroxyl group 

and water molecules, the corresponding bands are shown in table 6.3. It is observed that alumina 

shows more intensity and a sharp peak  whereas GO shows the broad peak at 3401 cm-1 in the case 

of composite peaks, these two peaks are disappeared and broadening also decreased. All samples 

show mostly CH3 at 2925 cm-1 this peak intensity also decreased when the increase in GO content, 

CH2 related to another peak another peak is appeared  in alumina and GO,  with a  small content of 

GO, this peak disappears when the GO content is increased. The band at 1719 cm-1 represents the 

ketone group ( C=O ), this appears in the GO Sample, this peak is disappeared when the composite 

is formed, new peak positions are observed. Also, it is observed that when the GO wt% content 

increases, the peak position also decreases towards the lower wave number. The peak at 1622 cm-1 

represents the C=C or bending of water molecules when the composite is formed, this peak  shifts  

to the higher wave number nearly at 1659 cm-1 and also is  seen that this peak intensity decreases 

when the GO content is increased. In the case of higher wt%, of GO, new peak  forms at 1573 and 

also at 1562 cm-1 for the 9.1 wt% and 20 wt% respectively. These range peaks are absent in the case 

of lower wt% of GO in the nanocomposites. 

Table 6.3: the FTIR band positions for different GO content nanocomposite different. 

 

The peak appears at 1510 cm-1 for the nanocomposites synthesized at lower GO wt. %, and this 

peak are absent in nanocomposites those are synthesized at higher GO wt% samples such as 9.1 
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wt% and 20 wt% GO.  Also, it is seen from the Fig. 6.3 that another new peak is formed at 1410 cm-

1, and this peak is absent in  sample containing higher GO wt%  ( 20%). 

OH, deformation of hydroxyl groups are present in the  alumina and GO samples, when the GO 

contents increases, these peak intensity  decreases and disappears at 20 wt% GO  nanocomposite 

sample. 1337 cm-1 band is seen to be present only in alumina sample and this peak is not present in 

nanocomposites. 1306 cm-1 this peak is absent in both the alumina, GO and 20wt% nanocomposite 

sample, this peak intensity decreases when the GO content  increases.  The band at 1261cm-1 is 

present in the GO and absent in 20wt% GO sample, this band is  redshifted when the GO content 

increases.  1166 cm-1 peak  appears  in the GO sample only, remaining all the nanocomposites, it 

does not appear. Similarly, 1114 cm-1 band is present in case of the 2.9, 4.8, 9.1 wt. % GO 

nanocomposites whereas this peak is not present in the pure GO sample.  1052 cm-1 band appears in 

GO sample only and not present in nanocomposites Both the 832 and 554cm-1 band  represent the 

AlO4 and AlO6 and the  intensities of these peaks reduce linearly  with the GO content. Hence, FT 

IR results confirmed that nanocomposites are formed since extra bonds and peaks shifting are 

noticed in the nanocomposites samples.  

6.6 TEM Analysis of different GO content nanocomposite 

Fig.6.6(a) shows the TEM image of 0.49wt% GO content nanocomposite, from the figure it clearly 

shows that the γ – phase alumina nanoparticles are embedded to the graphene sheet and these 

particles are more agglomerated. Fig 6.6(b) shows the SAED pattern of the corresponding TEM 

image. The SAED pattern clearly shows the very low intensity of diffraction spots and also 

identifies the planes from the SAED pattern calculated the interplanar distance is 0.4364 nm, 0.2612 

nm, and 0.1334nm. the corresponding planes are (002), (021) and (440). In which (002) represents 

the RGO in the composite and (021) and (440) are represents the γ – phase nano alumina. Fig 6.6 ( 

c) shows the HRTEM images of the TEM image. From this image, it clearly shows the two different 

fringes, the graphene fringes are appearance around the alumina nanoparticles. So that it is clear 

evidence of the graphene – alumina nanocomposite is formed.  We choose the graphene fringes FFT 

profile to calculate for interplanar distance shown in Fig 6.6 (d), the obtained interplanar distance is 

0.28 nm which is related to the γ- phase alumina nanoparticles and the corresponding plane is (220). 

Fig 6.6 (e) showed the FFT profile of graphene fringes and obtained interplanar distance is 0.49 nm, 

(002). This distance related to the RGO in the nanocomposite. 
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Fig. 6.6 (a) TEM, (b) SAED pattern, (c) HRTEM and (d) and (e) FFT of 0.49wt% GO-based 

nanocomposite.  

          Fig. 6.7 (a) shows the TEM image of 0.99 wt% GO sample.which indicates the γ – phase 

alumina nanoparticles are attached to the graphene sheet. In this sample, the γ – phase alumina 

nanoparticles are less agglomerated than 0.49 wt % of GO nanocomposite sample. Fig 6.7 (b) shows 

the SAED pattern of 0.99 wt % of GO sample. This pattern is similar to the 0.49 wt% GO SAED 

pattern, but the diffraction spots intensity was increased in the case of 0.99 wt % GO sample, from 

the SAED pattern we calculated the interplanar distance is 0.4038 nm which is related to the (002) 

plane of RGO in the nanocomposite and 0.2648 nm, 0.1888 nm and 0.1336 nm. Are related to the γ 

– phase nano alumina and corresponding planes are ( 221 ), ( 400) and ( 440)  respectively. 
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Fig. 6.7 (a) TEM, (b) SAED pattern, (c) HRTEM and (d) and (e) IFFT of 0.99wt% GO-based 

nanocomposite. 

      Fig. 6.7 ( c) is the HRTEM image of 0.99wt% GO nanocomposite. This image clearly shows 

the core sell formation in the composite, the fringes of the γ- phase alumina nanoparticle are 

surrounded by the graphene fringes, in this image, we choose two areas. One area is indicated as 1 

RGO and the second area is indicated by alumina, these fringes are clearly shown in inset images of 

IFFT. Fig.6.7 ( d) shows the IFFT profile of area 1, the interplanar distance is 0.418 nm and IFFT of 

area 2 of the γ- phase nano alumina shown in Fig. 6.7 ( e ) from this figure, we obtained interplanar 

distance is 0.279 nm which is related to the ( 220 ) plane of the γ- phase alumina. This 0.99 wt% of 

GO composite, it represented as an RGO/ the γ- phase alumina nanocomposite. This sample has less 

agglomeration of alumina nanoparticles comparatively 0.49 wt% of RGO / the γ- phase alumina 

nanocomposite.  
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Fig . 6.8 (a) TEM, (b) SAED pattern, (c) HRTEM and (d) -(f) FFT of 20wt% GO based nanocomposite. 

 

Fig.6.8 (a) shows the TEM image of 20 wt% of GO alumina nanocomposite. This figure clearly 

shows the γ- phase alumina nanoparticles are completely covered the graphene transference sheet 

with very less agglomeration. So that when the wt % increase of GO content, the γ- phase alumina 

agglomeration was reduced. that means the interaction between the γ- phase alumina nanoparticles 

and graphene oxide is more when GO content was increased. Fig.6.8 (b) shows the SAED pattern of 

the 20 wt% of GO alumina nanocomposite. The SAED pattern clearly indicates the hexagonal 

structure with bright diffraction spots, which indicates the RGO in the composite, and also less 

intensity of polycrystalline ring pattern appears which is regarding the γ- phase alumina. Compare to 

the low content of GO wt%, this sample shows the good formation of RGO/ γ- phase alumina 

nanocomposite. Fig.6.8 ( c) shows the HRTEM image with an insert of IFFT images, from the 

HRTEM image, it clearly indicates the evidence for the formation of graphene-based, the γ- phase 

alumina nanocomposite. In this image, we choose three different areas, corresponding IFFT images 

showed in fig. 6.8 (d). shows the IFFT profile for the selected area 1, from this we observed the 
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interplanar distance is 0.283nm, and the corresponding plane is  (220 ) which represents the γ- phase 

alumina nanoparticle fringes. Fig.6.8 ( e) shows the IFFT profile for area 2, and the corresponding 

interplanar distance is 0.418 nm. Which is related to the RGO plane ( 002 ). Fig.6.8 ( f) shows the 

image of IFFT  profile for the area3. The interplanar distance is 0.282 nm, which indicates the (220 ) 

plane of the γ- phase alumina.  

6.7 Conclusion: 

Different GO/RGO-Al2O3 nanocomposites were synthesized by varying the GO wt. % (0.49, 0.99, 

2.9, 4.8, 9.8 and 20 wt %)  by using the optimum process parameters as discussed in the previous 

chapter.  The as-obtained nanocomposites samples were analyzed by using XRD, FT IR, Raman, 

and TEM. Experimental results indicated that as the GO content increases more disorder and less 

agglomeration of the alumina nanoparticles are observed.  Further, it is concluded  that as the GO 

content increases the oxygen-related function groups are removed because of more interaction 

between the GO and alumina nanoparticles. 
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Chapter 7 

 Conclusions, Limitations and Scope of Future Work      

In this thesis research work, the influence of the synthesis parameters such as oxidation reaction 

temperature (low and high) on the structure, morphology, bonding and properties of the graphene 

oxide(GO) and the corresponding chemically and thermally reduced graphene oxide(RGO) was 

studied by using the standard Modified Hummers synthesis method. In the second part of the thesis 

work, the influence of the different sizes source graphite  on the synthesis of  graphene oxide (GO) 

and corresponding reduced graphene oxide (RGO) was investigated by choosing the optimum 

synthesis parameters as obtained from the first part of the research work. The impacts of  host 

graphite powder sizes on the structure, morphology, disorder, bonding and properties were also 

investigated by using the  different analytical instruments. In the final part of the thesis work, a set 

of six GO/RGO-Al2O3 nanocomposite was synthesized by choosing -phase Al2O3  using the 

colloidal mixing process and the effects of  the different additives such as HCl, Hydrazine hydrate 

and without any additives were investigated. The corresponding nanocomposites structure, 

morphology, bonding, interface and  thermal stability were investigated by using different analytical 

instruments such as XRD, FESEM, TEM, FT IR, Raman spectroscopy and TGA/DTA for 

understanding the nanocomposite formation.  

Graphene oxide was synthesized by varying the reaction temperature (low and high) by using the 

equal ratios of graphite, H2SO4, NaNO3 and KMnO4.   All the samples were analyzed by using the 

XRD, FT IR, Raman, TEM, FESEM, UV and TGA/DTA for structural, molecular & bonding 

characteristics, morphological and thermal analysis. Experimental results indicated  that oxidation 

reaction temperature has an effective role in the synthesis of  GO.  It was observed that  low-

temperature reaction showed the  good quality of graphene oxide(GO) with better structural,  less 

disorder  and 2-3 layers of GO as compared to the higher reaction  temperature. Further, the 

corresponding reduced graphene oxide (RGO) was obtained by using hydrazine hydrate and thermal 

reduction process, and experimental results confirmed that the RGO which was obtained by using 

the  lower reaction temperature GO showed less disorder, more graphical structure, flat type and 2-3 

layers as compared to the GO obtained at higher temperature. 

Three different sizes graphite precursor (2-15 µm, <45 µm, and 170-840µm,) were oxidized by 

MHM method and then corresponding RGO were synthesized by the hydrazine hydrate reduction 
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process. The experimental results indicated that  the smaller size precursor  graphite was fully 

oxidized in comparison to the large size graphite as source material. Hence, oxidation of graphite to 

graphene oxide is size depended on the source graphite and also showed better quality of reduced 

graphene oxide than other sizes.  Further, from the TGA and DTA analysis, it is observed that 

different weight loss and different exothermic peak position in the graphite oxide which suggest that 

weight loss also depends on the size graphite due to the oxidation rate. UV spectroscopy analysis 

shows different abortion peaks which indicated that all the sizes graphite oxidized differently. 

Hence, the precursor graphite size has a key role in the synthesis of GO and corresponding RGO.  

A set of six GO/RGO-Alumina nanocomposites were  prepared by colloidal mixing process by 

varying the reaction temperature (at RT and 800c) and different additives such as HCL and 

hydrazine hydrate. From  all the analytical analysis results such as XRD, FESEM, FTIR, Raman,  

TEM is TGA  and DTA, it was  concluded that only when hydrazine hydrate was used as an additive 

GO was reduced during the synthesis process and RGO – Al2O3 nanocomposite was formed. All 

other cases GO – Al2O3 nanocomposites formed. Hence, RGO-Alumina nanocomposite can be 

synthesized by using hydrazine hydrate as an additive during fabrication process by using a smaller 

size -phase alumina nanoparticles.  

Different GO/RGO- Al2O3 nanocomposites were synthesized by using the optimum process 

parameters as obtained by varying the wt% GO (0.5, 1, 3, 5, 10 and 20 wt %) and all the samples 

were analyzed by using XRD, FT IR, Raman and TEM. Experimental results indicated that as the 

GO content increases more disorder and less agglomeration  of the alumina nanoparticles are 

observed.  Further, it was seen that as the GO content increases the oxygen-related function groups 

are removed because of more  interaction between the GO and alumina nanoparticles.  

 In this thesis work, GO/RGO- alumina nanocomposites were synthesized and formation of the 

graphene-alumina nanocomposite  was confirmed based on the structural, bonding, morphological 

and TGA/DTA analysis, however still to use such nanocomposites in practical application such as 

energy storage, memory devices and other applications,  properties such as mechanical, catalytic and 

electrical are needed to be addressed.  Therefore, the future scope of this  thesis works to investigate 

the electrical, mechanical properties and the percolation threshold in order to utilize this 

nanocomposite for practical memory devices and energy applications.  
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