Influence of grinding and oxidation of carbon nanotubes on their heat capacity
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The specific heat of MWCNTs undergoes a change of dimensionality from 1D at room temperatures to 3D at helium temperatures [1]. In this work, the effect of influence of defects that appear after grinding and oxidation of MWCNTs on the character of the heat capacity dimensionality are studied. For this purpose, the specific heat of MWCNTs, prepared from the original [1] by two methods: grinding and grinding-oxidation, with an outer diameter of 7 to 18 nm have been measured in the temperatures from 1.8 to 275 K. Although, as a result of grinding, the ratio of the length of the nanotubes to their diameter decreased from thousands to several tens, the change of this ratio have had slight effect on the linear dimensionality of the system in the high-temperature region. In the case of 18 nm MWCNTs, below 140 K, the effect of grinding and grinding-oxidation on the manifestation of the dimensionality of the system is not unambiguous. The influence of grinding in case of MWCNTs Ø18 nm contradicts for the case of Ø7.2 nm. Below 200 K, it was found that the specific heat of the milled nanotubes with a diameter of 18 nm increased significantly in comparison with the original ones. Grinding of MWCNTs with a diameter of 18 nm increases the number of defects on the surface and ends of nanotubes, and also changes the parameters of defects. Thus, the observed significant increase in the specific heat capacity of ground MWCNTs with a diameter of 18 nm can be associated with these changes.

Additional oxidation before the grinding process leads to an increase in the specific heat of MWCNTs with respect to the initial nanotubes, both Ø7.2 and Ø18 nm below ≈140 K. The parameters of defects change and their number increases upon grinding oxidized MWCNTs. As a result, there can be an increase in the density of states of phonons in the low-energy part of the spectrum and, accordingly, an increase in the heat capacity of nanotubes Ø7.2 nm and Ø18 nm. 
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