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ABSTRACT 

The nano-graphite (NG) and acid modifled nano-graphite (ANG) have 

been synthesized from graphite powder via mixture of strong acid 

(sulphuric acid and nitric acid) respectively by a soft chemistry route 

involving microwave, ultrasonic method and characterized by high 

resolution electron microscopy (HR-TEM), Scanning electron micros 

copy (SEM), fourier-transform infrared spectroscopy (FTIR) and X-ray 

diffraction (XRD), clearly demonstrated the successful synthesis of 

acid modified NG. SEM images confirmed the surface morphology of 

NG, and ANG and HR-TEM study shows the nanoparticles size of NG 

and ANG. FTIR data confirmed the presence of acid functional 

groups on the suface of synthesized NG powder. XRD data of NG 

and ANG shows that 20 is at 26.43° and 0.336 nm is an interlayer dis 

tance (d). NG and ANG pellets have been prepared for their dielectric 

analysis with frequency for different thickness. The dielectric loss tan 

gent (tanð) spectra show relaxation peak with frequency and peak 

shifts due to presence of polar groups in the ANG. The capacitance 

values of NG and ANG decrease with frequency and increase with 

thicknesses due to the capacitive nature of nanoparticles. The dielec 

tric permittivity decreases with frequency and increases with thick 

ness due to the charge orientation and dipole moment change of 

functional groups of synthesized NG, and ANG. The electrical con 

ductivity of NG and ANG nanoparticles increases with frequency and 

thickness of NG and ANG pellets due to the conductive nature. 

Electrical conductivity and dielectric permittivity of NG and ANG are 

found to highly rely on thickness, according to the dielectric 

evaluation. 

1. Introduction 
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The development of surface modification of NG through oxidative modification is one of 

the most successful techniques. Many oxidizing materials including KCIO, and fuming 

HNO,, concentrated H,SO and HNO3, a mixture of NaNO, and KMnO, in concen 

trated H,SO, have been used in the literature, the surface of NG powder undergoes oxi 

dative alteration, resulting in defect sites that are stabilized by covalently attaching 

different oxygen functional groups such carbonyls (-CO), carboxylic acids (-COOH), and 

hydroxyl groups (OH) [1-5). The conductivity, tensile strength, and elasticity of compos 

ite materials can be improved by applying modified NG to various types of polymers and 
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other substances. They can be utilized as electrode material for double-layer capacitors, 

superior electronic devices, batteries and capacitors (6-9). To store more electrical energy, 

capacitors use dielectric materials with high permittivity and low losses [10,11]. Graphite 

is one of the most well-known allotropes of carbon and has a layered, planar construc 

tion. The graphene consists of bound of carbon sheets by weak van-der-Waal forces hay. 

ing 3.36 A d spacing between the layers. Graphene has beern a promising candidate for a 

number of applications, including photovoltaic, catalysis, nano-electronic, and energy stor 

age and conversion [12-14], because of its peculiar two-dimension structure and superior 

optical, thermal, nechanical, and electrical capabilities. Microelectronics for large-scale 

power applications and energy storage devices are made from dielectric materials [15]. 

According to Lyddane-Sachs-Taller, lattice vibrations shift the intrinsic dipole 

moment, resulting to a very high permittivity [16]. Few publications on the dielectric 

examination of graphene oxide or graphene-based materials composites have been pub 

lished in the literature [17,18]. Verdejo et al. demonstrated that the dielectric pernittiv 

ity can be satisfactorily increased by homogeneously dispersing graphene oxide 

throughout the polymer cross-section [19]. The scotch-tape method and epitaxial chem 

ical vapors deposition were the first methods used to create graphene nanosheets from 

bulk graphite (20,21]. By exfoliating graphite with potent oxidizing agents, NG and 

ANG are most frequently produced (22]. 

In the present study, NG powder was synthesized from graphite powder and its sur 

face was modified using a strong acid mixture (sulphuric acid and nitric acid). SEM, 

HR-TEM, and XRD analysis of NG and ANG were performed to investigate the mor 

phological structure. The functional group of modified NG was determined using FTIR 

spectroscopy. The dielectric relaxation of NG and ANG pellets were studied for usage 

in different fields. This included executing measurements of capacitance, dielectric per 

mittivity, electrical conductivity, and dielectric loss tangent. 

2. Experimental 

2.1. Chemicals 

Graphite powder, conc. HNO3, conc. H,SO4, CzH,OH and other chemicals required 

were procured from the standard supplier. 

2.2. Preparation of nano-graphite 

First, a microwave synthesizer was used to irradiate graphite powder for 15 min at 

200°C and 10 psi. Irradiated graphite powder (2.0 g) was dissolved in a 7:3 volume ratio 

100 mL mixture of de-ionized (DI) water and C,H;OH, and the mixture was then ultra 

sonically processed for 8-10 h. To obtain the NG powder, the precipitate was then fil 

tered, rinsed with Millipore water using a centrifuge to remove any excess alcohol, and 

dried at 120 °C for 24h in a vacuum oven. 

2.3. Preparation of acid modified nano-graphite 

The acid treatment of the synthesized NG was carried out using 100 mL of 1:3 combin 

ation of conc. H,SO, and HNO,. The mixed liquid was stirred for a few minutes before 



being ultra-sonicated for 8 h. The liquid was neutralized to pH = 7 by adding de-ion 

ized water. Finally, the acid-treated NG powder was extracted from the precipitate using 

a centrifuge, and then dried in a vacuum oven at 120°C for 24 h to obtain ANG 

powder. 

3. Measurements 

3.1. Characterization techniques 

The SEM (ZEISS EVO-50, Germany) was used to study the morphological properties of 

prepared NG and ANG powder. The HR-TEM (JEOL 2100, Japan) was used for meas 

urement of particle sizes of the prepared NG and ANG. FTIR spectroscopy (Bruker 

Scientific Instrumnent, US) was used to study the functional groups of NG and ANG. 

The crystal structure of prepared NG and ANG was verified using XRD (XPert Pro 

PANalytical, Netherland). The dielectric relaxation spectra (DRS) of NG and ANG pel 

lets in the 10-10° Hz frequency range were analyzed using the Hi-Tester LCR meter, 

Hioki 3533. From dielectric measurements, electrical conductivity has been evaluated 

according with the following relationship: 

CAC = 0Eg¬'tan J 

4. Results and discussion 

FERROELECTRICS 53/(261] 

where w is 2zf (f is frequency), is dielectric constant (C/Co), &o is vacuum permittiv 

4.1. Scanning electron microscopy 

4.2. High resolution transmission electron microscopy 

(1) 

The morphology of prepared NG and ANG have been studied through SEM with high 

vacuum mode in working distance at 8.5 mm and 20 kv. SEM image of NG and ANG 

are shown Fig. 1(a,b). From the Fig. 1(a), it is observed that NG shows an unclear sur 

face folded thin sheet structure and Fig. 1(b) shows the crumpled and kinked structure 

due to presence of acid groups in surface of ANG. 

4.3. Fourier-transform infrared spectroscopy 

High-power sonication reduces the thickness of the graphite structure up to significant 

level, as evidenced by interference microscope images. The particle sizes of prepared 

NG and ANG have been studied through HR-TEM. HR-TEM images of prepared NG 

and ANG is shown in Fig. 2(a,b). From the HR-TEM images, it can be observed that 

NG and ANG are in the range between 1 and 50 nm. The ANG also had more wrinkled 

and thin seat structures, indicating the presence of oxygen-containing functional 

groups. 

The different functional groups of acid-modified NG were studied through FTIR spec 

troscopy. The machine generated FTIR data of ANG is shown in Figure 3. The results 

ity and tan is the dielectric loss tangent (23]. 
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Figure 1. SEM image of (a) NG and (b) ANG. 

Figure 2. HR-TEM image of (a) NG and (b) ANG. 

aRÚKER 

Figure 3. FTIR image of (a) NG and (b) ANG. 
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Figure 4. XRD image of (a) NG and (b) ANG. 

4.4. X-ray diffraction 

demonstrated that in case of ANG, there are certain absorption peaks associated with 

distinct functional groups, however in the case of NG, there are none. Some absorption 
represents 

peaks at 3428.31 cm due to 0-H stretching vibration, while 1723.94 cm 

the stretching frequency of carboxyl/carbonyl groups. The peak at 1632.00 cm is 

responsible for the C=C stretching vibration. The peak at 1384.42 cm is indicating 

the O-H group's bending vibration, while the peak at 1068.93 cm is responsible for 

the stretching vibration of C-OH or C-0-C. The presence of all absorption peaks indi 

cates that graphite powder in ANG has been successfully oxidized. 

Dp = (0.94 x 1)/(Bx Cos) 

FERROELECTRICS 

b 

The crystal structure of prepared NG and ANG was determined through XRD tech 

nique. The machine generated XRD spectra of prepared NG and ANG is shown in 

Fig. 4. NG and ANG show 20 at 26.47° and FWHM is 1.9551 with 0.12 nm d-spacing 

which matches JCPDs no. is 75-2078 (24]. The Crystalline size of NG and ANG is 

4.34 nm using the Scherer equation and Bragg equation (25]. The peaks have expanded 

and their intensity has diminished, suggesting a reduction in particle size, but there are 

no structural alterations. 

n) = 2dsin 

4.5. Dielectric loss tangent 

55/263] 

-1 

where, B is the Line broadening in radians and Dp is the average crystallite size, 

Bragg's equation: 

(2 

(3) 

where, à is the X-ray wavelength, n is the diffraction series, O is the Bragg angle, and d 

is the interlayer spacing. 

The dielectric loss tangent of prepared NG and ANG have been studied with frequency 

at different thickness (1, 2, 3, 5, and 7 mm) at room temperature as shown in Fig. 

5(a,b). The tanð increases with frequency at all thickness of NG and ANG pellets but 

this increase is not continuous after getting a peak it decreased with frequency due to 
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Figure 5. Dlelectric loss tangent of (a) nano-graphite and (b) acid modified nano-graphite. 
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Figure 6. (a) Capacitance of nano-graphite and (b) capacitance of acid modified nano-graphite. 
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the presence of polar groups in the prepared ANG. It is also observed that the peak is 

shifting in case of ANG in presence of acid functional groups. The relaxation behavior 

of NG and ANG pellets depends mainly upon the thickness at room temperature. The 

maximum tan ð increases with the thickness of the NG and ANG pellets up to 5 mm 

this may be due to dipole relaxation and charge conduction developed (26] and 

decrease for 7 mm thickness, may be due to increase in resistivity and dipole fluctuation 

inside NG and ANG pellets (27). 

The variation in capacitance with frequency at different thicknesses (1, 2, 3, 5, and 

7 mm) of synthesized NG and ANG nanoparticle is shown in Fig. 6(a,b) at room tem 

perature. The capacitance decreases with frequency due to the orientation of functional 

groups of NG and ANG and increases with thicknesses due to capacitive nature of 

nanoparticles. From the figure, it is observed that the capacitance value increases with 

thickness up to 5 mm, and decreases for 7 mm thickness of the NG and ANG pellets, 

may be due to increase in resistivity inside NG and ANG pellets. As the frequency 

across a capacitor's pellets increases, the capacitor's capacitive reactance decreases. 

Therefore, the relationship between frequency and capacitive reactance is inverse. With 

(tano) 
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Figure 7. Dielectric permittivity of (a) nan0-graphite and (b) acid modified nano-graphite. 
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capacitive reactance's opposition to current flow, the electrostatic charge on the pellets 

(measured by their AC capacitance) does not change. 

10 

The degree of electrical polarization of a material is revealed by the dielectric permittiv 

ity. The variation in dielectric permittivity with frequency at different thicknesses (1, 2, 

3, 5, and 7 mm) of synthesized NG and ANG nanoparticle is shown in Fig. 7(a,b) at 

room temperature. The dielectric permittivity decreases with frequency and increase 

with thickness due to the charge orierntation and dipole moment change of functional 

groups of modified NG (28,29). From the figure, it can be observed that the dielectric 

permittivity increases with thickness of the NG and ANG pellets. The higher dielectric 

permittivity at low frequencies is may be due to the high electrical conductivity of NG 

and ANG and relating to ferroelectric nature of the conductive particles. 

The capacity to carry electrical current can be defined as electrical conductivity. The 

variation in electrical conductivity of NG and ANG pellets with frequency at different 

thicknesses are shown in Fig. 8(a,b). The electrical conductivity continuously increases 
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Figure 10. Electrical conductivity of (a) nano-graphite and (b) acid modified nano-graphite. 

with frequency as well as thickness of NG and ANG pellets. From the figure, it is 

observed that the increasing electrical conductivity with thickness of NG and ANG pel 

let up to 5 mm as nanoparticle collisions create a continuous path for electrons to travel 

through the sample's volume. At 7 mm thickness, electrical conductivity is reduced may 

be due to formation of nanoparticle agglomerates and distortion of continuous path. 

Also, the decrease of electrical conductivity may be due to decrease in loss tangent and 

dielectric permittivity (30]. 

The variation in percolation behavior of the electrical conductivity of NG and ANG pel 

lets with thickness at different frequency (1, 10, 100 Hz and 1, 10, 100 kHz) is shown in 

Fig. 9. The electrical conductivity exponentially increases up to 5 mm thickness, after 

that decreases for7 mm thickness of the NG and ANG pellet. This is may be due to the 

formation of nanoparticle agglomerates (31]. 

The electrical conductivity of NG and ANG pellets can be explained into three 

regions as given in Fig, 10. First region is an inductive region, electrical conductivity 

slowly increases with thickness as charge nanoparticles are smaller in number. Second 

region is a percolation region, electrical conductivity increase sharp due to the continu 

ous conductive path formation and third region is saturation region, and an increasing 



5. Conclusions 

electrical conductivity is marginal effect or a decrease due to the agglomerates (32] for 

mation of NG and ANG nanoparticle. The percolation thresholds have been identified 

between 4 and 5 mm thickness of NG and ANG pellet. 
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