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Carbon nanotubes (CNTs) have attracted attention, due to their structures as well as their 
ability to present multiple walls. CNTs can be synthetized by several methods, such as 
arc-discharge, chemical vapor deposition, laser ablation and electrolysis. All these methods lead to 
CNTs with different diameters, lengths and numbers of layers, but these methods require high costs 
of production, high temperatures and high pressures, and most of them require repeated procedures 
for their purification after obtaining. As an alternative to a avoid these disadvantages, chemical 
techniques seem to be a good option to obtain CNTs easily (at low temperatures and without 
applying pressure) and inexpensively [1]. 

Multi-Walled Carbon Nanotubes (MWCNTs) were prepared by chemical synthesis using 
graphite microparticles, concentrated sulfuric acid, fuming nitric acid and potassium chlorate. The 
synthesis parameters were fixed based on previous work [2]. In order to improve the solubility of the 
MWCNTs in organic solutions, acid treatment was used (H2SO4 (95%) and HNO3 (65%) in a ratio of 
3:1) by functionalizing the surfaces of CNTs with negatively charged functional groups 
(MWCNTs-COOH). The obtained materials were investigated by Fourier-transformed infrared 
spectroscopy (FTIR), energy-dispersive X-ray spectroscopy (EDX), transmission electron microscopy 
(TEM) and atomic force microscopy (AFM). 

The research focused on analyzing both the MWCNTs obtained by this new method and the 
functionalized MWCNTs. The major functional groups of the MWCNTs and functionalized 
MWCNTs were identified by FTIR analysis (Figure 1). Moreover, in order to estimate the 
functionalization, the same quantity of MWCNTs was dispersed in water, before and after 
functionalization, for 2 h in an ultrasonic bath and afterwords visually observed to evaluate their 
suspension stability (Figure 2). 
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Figure 1. FTIR spectra of the Multi-Walled Carbon Nanotubes (MWCNTs) and functionalized 
MWCNTs. 

 

Figure 2. Aqueous dispersion of (1) pure MWCNTs and (2) functionalized MWCNTs. 

By using this chemical route, pure MWCNTs were synthetized (sustained by FTIR and EDAX), 
with a diameter between 9 nm and 43 nm and 500–600 nm in length, as proven by TEM and AFM 
analysis. The functionalization of these MWCNTs was also successfully done, which was confirmed 
by FTIR and aqueous dispersion of the nanotubes. 
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