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Effective Water-Dispersed Surface Modified Carbon Nanomaterials by Ozone and Plasma
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Carbon nanomaterials have attracted much attention due to their extraordinary properties that make them ideal
candidates for various applications, Especially, carbon nanotubes (CNTSs), carbon nanohorns (CNHSs), and graphene
have attracted enormous interest from the materials research community due to their combination of excellent
electrical, optical and mechanical properties, However, there are practical issues concerning the utilization of the
carbon nanomaterials due to their poor dispersibility in a variety of the matrixes and solvents including water
medium, There is a crucial demand to develop an efficient and eco-friendly method to improve the dispersibility of
carbon nanomaterials,

In this thesis, surface modifications of multi-walled CNTs (MWCNTSs), CNHs and multilayer graphene (MLG) for
the effective dispersion in water without using any chemical reagents or surfactants were described, Innovative ozone
and atmospheric pressure plasma treatments are conducted to improve the dispersion of the carbon nanomaterials,
Dielectric barrier discharge system built with inverter type alpha neon M-5 transformer and quartz tube was used for
the generation of ozone and helium plasma,

Effective dispersion of several micrometers long MWCNTS in water was achieved by ozone treatment, The ozone
generation setup proved to be simple and flexible, It can perform ozone treatment in liquid or gas phase for various
sizes of sample containers, According to the characterization results, it was found that the oxygen-containing
functional groups were introduced to the surface of MWCNTSs after ozone treatment, which is responsible for the
improvement in dispersion, Likewise, well-dispersed CNHs were successfully obtained by ozone treatment in water
medium, The dispersion was stable even after a few months without any significant agglomeration, In contrast,
though helium plasma treatment introduced hydroxyl group to the surface of CNHs, agglomeration was observed in a
few minutes after treatment, In an effort to achieve well-dispersed MLG, the ozone-assisted sonication was used as a
new technique in the world of graphene synthesis, It was found that, the dispersibility of MLG was greatly depended
on the number of ozone treatment,  The intermittent ozone treatment method, 6 times of 10 min, was achieved better
dispersion than 1 h continuous ozone treatment in the same sonication time,  The efforts in this thesis have achieved
well-dispersed carbon nanomaterials in water through efficient and eco-friendly methods, Eliminating the use of

chemical reagents or surfactants is significant of the work,
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