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Because of their unique one-dimensional (1D) geometric and electronic structure,large surface area, 
good chemical and thermal stability, and excellent mechanical properties, carbon nanotubes (CNTs) 
provide a new model system for basic scientific study of materials science [1]. The modification of the 
CNTs with functional materials opens a wide range of applications which covers from microelectronics 
and energy devices to the biology and medicine [2,3]. There have been several researches concerning 
the attachment of various inorganic oxides onto single-walled carbon nanotubes (SWCNTs) and 
multiwalled carbon nanotubes (MWCNTs). For example, oxide nanoparticles such as SiO2 [4,5] SnO2 
[6], ZnO [7,8], TiO2 [9-13] have been coated onto CNTs by impregnation, sol–gel, hydrothermal 
synthesis, thermal evaporation-deposition and so on. In order to facilitate the adsorption of the oxide 
particles onto the surface of the CNTs, several modification of the CNTs can been employed, such as 
their oxidation by strong acids, which introduces carboxyl groups and prevents the agglomeration of 
oxide nanoparticles, because of the strong interactions between the hydroxyl groups and the metallic 
oxide nanoparticles [14]. Other metal oxides have been coated on CNTs by redox reactions between 
CNTs and KMnO4 [15-18]. In addition, the surface of these nanostructured materials has been also 
modified by other reactants s polymers or surfactants [5, 12, 13, 19] 
 
The aim of our research is focused on the search of nanostructured materials for application in energy 
devices, such as solid oxide fuel cells (SOFCs), lithium-air batteries or supercapacitors. In this work a 
composite system based on NiO particles coating the CNTs with possible application in the mentioned 
three fields is studied. The NiO is already used as anode for SOFC systems, however this composite 
system could enhance its properties providing a large increase of the surface area of the electrode 
which would promote the creation of reaction points, improving therefore its electrochemical 
performance [20 JACS argentinos]. However, in order to be used in SOFC devices it is necessary to 
reduce the operating temperature of these cells to 500 ºC were the nanotubes remain stable. Another 
interesting application is its use as cathode for lithium-air batteries, where some other similar materials 
such as the MnO2/CNT have been found to be interesting [21, 22]. Moreover, this type of materials have 
shown excellent properties for energy storage devices, such as supercapacitors [23] 
 
In order to obtain this composite system an easy, non-expensive, two step hydrothermal route has been 
followed, using MWCMT and NiCl2 as starting reactants and sodium dodecyl sulfate (SDS) as surfactant 
agent. The obtained aqueous suspension was heated at 80 ºC for 4 hours. Once the sample was 
washed and dried, a thermal treatment at 400 ºC for 2 hours was necessary to reach to the NiO. In 
order to confirm this fact an X-ray diffraction analysis was carried out (see Figure 1).  
 
The scanning electron microscopy (SEM) images reveal the nanostructured shape of the synthesized 
material with a large surface area with potential properties for its use in energy material devices (see 
Figure.2.).  
 
The thermal stability of the nanocomposite system has been studied by thermogravimetric  analysis, 
and the electrochemical measurements show an interesting performance for its use as supercapacitor, 
cathode in lithium-air batteries and anode in intermediate temperature SOFCs (IT-SOFCs). 
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Figures 
 
Figure caption1. Obtained diffractogram for the NiO-MWCNTs nanocomposites system 
 

Figure caption2. SEM images of the nanocomposite system NiO/MWCNTs 
 
 

 
Figure 1. Obtained diffractogram for the NiO-MWCNTs nanocomposites system  

 
 

  
 

Figure 2. SEM images of the nanocomposite system NiO/MWCNTs 




