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 Abstract 
 

In the presented article, the purity, quality, and surface morphology of graphite, carbon 

nanotube, and functionalized carbon nanotube were comparatively studied by scanning 

electron microscopy (SEM), energy dispersive (EXD) methods, X-ray phase analysis. It was 

determined that the diffraction peaks of the X-ray phase analyses of the carbon nanotube 

obtained by the arc discharge method depend on the morphological properties of the 

substance and allow obtaining initial information about the dimensions of the carbon 

nanotube and the distance between the walls. 
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1. Introduction. 

 

In recent years, an investigation of mechanical and physical properties of carbon 

nanotubes formed as a result of tubular bending of the graphene layer are widely investigated 

by world researchers [1]. Very interesting physical prorperties with extremely mechanical 

strength made this materials as an important reserach object for electronics and other modern 

technologies.  Therefore, the X-ray phase analysis of carbon nanotubes obtained by arc 

discharge method was carried out in the study [2]. Thus, after the discovery of carbon 

nanotubes, the mass production of multi-walled carbon nanotubes was started investigate 

widely [3]. In electronics, intense studies have been conducted in the direction of the 

application of single-walled carbon nanotubes. Using the Fowler-Nordheim model, their use 

has been studied in nanoemitters depending on the geometrical structure of nanotubes [8]. The 

obtained carbon nanotubes are classified into different types, single-walled, double-walled 

and multi-walled. Since a certain time and high temperature are required for obtaining 

nanotubes, some researchers have proposed various approximations for the accuracy of the 

mentioned classifications [9,10,11]. Carbon nanotubes are extremely light and have high 

electrical and thermal properties [12,13]. 

 Carbon nanotubes are low-dimensional nanostructures and differ from other structures 

due to their richness of mechanical, electrical [4-7], optical and magnetic properties [14-

16].They also attract attention due to the uniqueness of their properties and wide range of 

applications. Different methods have been proposed for obtaining single-walled and multi-

walled carbon nanotubes with different geometric shapes and diameters [17]. 
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 Methods of obtaining carbon nanotubes are quite expensive [18]. Aerosol [19], arc 

discharge [1, 20], laser ablation [1, 21], and chemical vapor deposition [22, 23] methods are 

the most commonly used methods for their acquisition. Carbon nanotubes are intensively 

applied in various fields of physics, chemistry, healthcare, and production [22, 24, 25]. Due to 

the emission properties of carbon nanotubes, they are used in electronic displays, X-ray 

sources, and luminescence sources [26-23]. In this regard, the application of nanotubes in 

electronic devices was investigated in detail in [30]. The synthesis of fiber-shaped carbon 

nanotubes at different temperatures was performed by the authors of [31]. 

 

2. Experiments 

  

 We obtained carbon nanotubes among the various methods of obtaining carbon 

nanotubes using the arc discharge method [32], and functionalization was carried out with the 

help of carboxyl groups [10]. One of the important properties of carbon nanotubes is that they 

have metallic, semiconducting and dielectric properties depending on their chirality [24]. The 

structure, quality, and surface morphology of the carbon nanotube obtained by the arc 

discharge method were studied by the scanning electron microscopy method. The carbon 

nanotube which we received was studied in a Zeiss Crossbeam 540 scanning electron 

microscope. SEM analyses have suitableparameters for sizes from 0.8 nm (15kV) to 1.6 nm 

(1kV), 10-106 times magnification, 4pA - 20 nA probe voltage, and 2-133 Pa vacuum level. In 

addition, it is possible to perform 2D and 3D images of samples and elemental analysis. For 

this, a certain volume was taken from the carbon nanotube and viewed at room temperature 

on the sample plate of the electron microscope.  

SEM images were taken within 24 hours. The structure and quality of the carbon 

nanotube obtained by the  arc discharge method was studied using X-ray phase analysis. The 

X-ray phase analysis was carried out in the D2 Phaser diffractometer manufactured by the 

German "Bruker" company, with CuKα rays (λ=1.5406Å) in the 2θ=0.50÷800 angle range. 

Crystallographic, structural studies, calculations were performed on the basis of EVA and 

TOPAZ programs.  

X-ray phase analysis is considered one of the important analysis methods for 

determining the chemical composition of the studied sample. As a result of this method of 

analysis, monochromatic light rays fall on the sample and secondary electron emission occurs 

as a result of the excitation of the sample. At this time, peaks with different energies are 

observed in the spectrum. X-ray phase analysis also allows obtaining information about 

chemical bonds. The energy level of electrons is determined by chemical bonds and their 

location in the valence band.One of the default of this method is the use of approximately 5 

mg of sample for the experiment [24,30]. During the X-ray phase diffraction analysis of 

carbon nanotubes, works related to the uniqueness of the structure, properties of the tube, 

possess small size [8] and the electronic and geometric structure of the tubes were 

investigated [31-33]. 

 

 3. Results and  discussion 

  

 The purity, quality, surface morphology of graphite, carbon nanotube and functionalized 

carbon nanotube were investigated by scanning electron microscope (SEM) and energy 

dispersive analysis (EXD) (figure 1), and the structural properties were comparatively studied 

by X-ray phase analysis (figure 2).  

SEM and EDX analysis has shown that high quality and high purity nanoscale materials 

under 100 nm diemnsions are obtained. Moreover, the structure of layered graphite is totally 

changed after functionalized by carboxyl group. More analytical experiments such as TEM or 

synchrotron are needed to get more precise and detailed information about the structure. 
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Figure 1. SEM and EDX analyses of graphite, carbon nanotube [33] and carbon nanotube 

functionalized with a carboxyl group are shown, respectively. 

 

The graphite we use in our research has a crystalline structure of 99.9995% purity and 

Ultra "F" purity. X-ray phase analysis of graphite is shown in figure 2 and two sharp maxima 

were observed in the spectrum.  
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Figure 2. X-ray phase analyses of graphite, carbon nanotube, and carbon nanotube functionalized with 

a carboxyl group are shown, accordingly. 

 

The first of the maxima is a sharper peak, the angular position corresponds to the value 

2θ=26.30, and the intensity corresponds to I=8400. An analysis of this pattern shown that 

obtained material has crystalline structure with hexagonal symmetry. The angular position of 

the second weaker peak corresponds to 2θ=44.50, and its intensity corresponds to I=450. The 

diffraction peaks of the X-ray phase analysis of the carbon nanotube obtained by the arc 

discharge method depend on the morphological characteristics of the sample. These peaks 

allow obtaining initial information about the dimensions of the carbon nanotube and the 

distance between its walls. According to the X-ray phase analysis of the carbon nanotube, two 

maxima are observed, the first one is a sharper peak, the angle position corresponds to the 

maximum at 2θ=26.30, the intensity is I=1550, and the second weaker peak is at 2θ=42.50 - 

and its intensity corresponds to the value I=480. The diffraction curve of the X-ray phase 

analysis of the carbon nanotube functionalized with the inclusion of carboxyl groups, as can 

be seen from the picture, the diffraction spectrum of the functionalized carbon nanotube has a 

spectrum characteristic of the nature of graphite. Two maxima are observed in the spectrum. 

The first of them is a sharper peak, the angular position corresponds to the maximum at 

2θ=26.50 and the intensity corresponds to I=1950, and the second is a weaker peak, the 

angular position corresponds to 2θ=43.30 and the intensity corresponds to I=550. 

 

4. Conclusion 

  

 High quality graphite, carbon nanotube, and functionalized carbon nanotube by 

carboxyl group were synthesized using arc discharge method. SEM and EDX analysis has 

shown that the dimensions of the obtained materials are under 100 nm and applied carboxyl 

groups are infulenced on the structure of the graphite and made a significant changes. X-ray 

phas analysis has shown that synthesized graphite has crystalline structure with hexagonal 

symmetry and after functionalized by carboxyl groups, some amorphization is observed in the 
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samples. However, more analytical investigations are needed to get more detailed information 

on this structures.  
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