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Individual CNTs have outstanding mechanical and transport properties, but due to their high tendency to form stable agglomerations there are serious difficulties to manipulate them at molecular level. Advanced dispersion of the nanotubes is vital for efficient load transfer and useful transport properties.   
Chemical functionalization of MWCNTs is one of the most efficient way to render them soluble either in aqueous or organic phase. Nitric acid treatment is widely used for this purpose, but up to now there are no dedicated studies that investigate the kinetics of the oxidation process. 


  The aim of the present study is to investigate the kinetics of the oxidation of MWCNT in nitric acid, and to assess the influences of different process parameters on the MWCNTs solubility in aqueous phase. 

Raw MWCNTs were purchased from Nanolab Inc. The Raman shifts of the nanotubes were recorded on Dilor (Jobin Yvon) spectrometer. The MWCNT were examined by Hitachi S4000 scanning electron microscope. 

During the oxidation process four parameters were monitored: the weight loss, the changing of the G and D bands area ratio, the evolution of the solubility, and the capacity to self assemble. The influence of the nitric acid concentration, temperature, treatment duration, and initial concentration of the nanotubes on the parameters mentioned above were assessed.   

The aria ratio of the G and D bands decrease with the oxidation duration evidencing the diminution of the graphitic structures (sp2) in the favour of functional groups attached to sp3 carbon atoms. Unfortunately the generation of functional groups is accompanied by an important loss of the nanotubes, thus after refluxing at 118°C in 60% nitric acid for 48h, less then 10% of the initial nanotubes survive. 


We found that solubilities over 20mg/ml in deionized water are obtained in concentrated nitric acid ((60%) for over 24 hours of treatment at high initial nanotube concentration ((5mg/ml). 

SEM examination evidenced that up to 12h of oxidation in concentrated nitric acid the nanotubes practically remain unchanged. After 24h of treatment only the nanotubes with larger diameter survive, and after 48h the nanotubes are fragmented and covered by amorphous carbon. 


High solubility is desirable for high performance composites, but the important loss in nanotubes impose an optimization of the process parameters. Compromising solution is obtained for 12h of oxidation in 60% nitric acid when the solubility exceeds 10mg/ml but the weight loss is kept under 30%.   


Self assembling of the MWCNTs is observed after 12h of oxidation in concentrated nitric acid. During self assembling the nanotubes align parallel to each other over extended areas.  
