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Carbon nanotube functionalization with a cold  atmospheric pressure plasma jet
and post-plasma reactions 
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The discovery of carbon nanotubes (CNTs) helped to ignite the research in nano-

structured materials and has opened up a new era in materials science and

nanocomposites. Functionalization of CNTs can improve their dispersability and

enhance the bond strength of the CNT-polymer interface to achieve superior

mechanical properties.

While wet chemical functionalization requires harsh conditions, plasma technology can

provide an inexpensive and environmentally friendly alternative. The objective of this

work is to functionalize multi-walled carbon nanotubes (MWCNTs) by a non-equilibrium

atmospheric pressure plasma jet and to study the reaction mechanism. The plasma is

generated in a nozzle by an arc-like discharge with kHz excitation. The CNTs are

treated in the afterglow regime of the plasma in a specially designed reaction chamber.

The CNTs are injected as dry particles or dispersed in a liquid as a spray.

It is shown how the geometrical parameters of the reaction chamber and the

physicochemical properties of the sprayed liquid influence CNT-plasma interaction.

Pristine and plasma treated nanotubes are compared by X–ray photoelectron

spectroscopy (XPS) and FTIR spectroscopy. Functionalization degrees of up to 9 at-%

of oxygen can be achieved and hydroxyl, carboxyl and nitrogen containing functional

groups are detected on the CNT surface.

The role of radical reactions is studied by the interaction of plasma treated CNTs with

the free-radical DPPH. The interaction of CNTs containing long-living radicals after

plasma treatment with different solvents is studied by XPS. The influence of such

post-plasma reactions on the sedimentation behaviour of CNTs is studied using the

Wilhelmy balance method. The results are correlated with experiments concerning the

(re-)agglomeration of MWCNTs after plasma treatment carried out on a light

microscope.

The study suggests that functionalization of CNTs by an atmospheric pressure plasma

jet is possible and that it might be an alternative to wet chemical functionalization.
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