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Abstract: The technology of plasma etching of graphite by highly reactive oxygen plasma is presented. Etching was performed with low pressure cold 
weakly ionised oxygen plasma created in a glass plasma reactor by an inductively coupled RF generator. The density of charged particles, density of 
neutral oxygen atoms and the electron temperature was about 2x10 16 m-3 , 6x1021 m-3 , and 4 eV, respectively. The effects of etching were observed by 
scanning electron microscopy. It was found that the surface roughness was increased dramatically after plasma treatment. The roughness increased with 
increasing plasma exposure time. The technology allows for pretty good control of the surface morphology of the samples and thus improved adhesion of 
different coatings. 

Modifikacija povrsine grafita s kisikovo plazmo 

Kjucne besede: plazma, kisik, jedkanje, grafit, nanostructure, stozec 

Izvlecek: Prikazujemo tehnoloski postopek za jedkanje grafita z visoko reaktivno kisikovo plazmo. Za jedkanje uporabimo nizkotlacno hladno kisikovo 
plazmo, ki jo ustvarimo v steklenem plazemskem reaktorju z induktivno sklopljeno radiofrekvencno razelektritvijo. Gostota nabitih delcev v nasi plazmi je 
2x1 016 m-3 , gostota nevtralnih kisikovih atomov 6x1021 m-3

, temperature elektronov pa okoli 4 eV. Vpliv jedkanja smo spremljali z vrsticnim elektronskim 
mikroskopom. Ugotovili smo, da kisikova plazmo povzroci zelo mocan porast hrapavosti grafita. Hrapavost narasca z narascajocim casom obdelave. 
Opisani tehnoloski postopek omogoca precej natancno doloceno hrapavost materiala, ki je potrebna za izboljsanje adhezivnosti razlicnih prevlek. 

1 Introduction 

Advanced methods for the modification of surface proper­
ties of different materials often include treatment by gase­
ous plasma. Gaseous plasma is created in a suitable dis­
charge. It can be created at atmospheric pressure or un­
der vacuum conditions. Atmospheric pressure plasma is 
often characterized by a pretty high density of charged 
particles and a moderate, if not high kinetic temperature 
of neutral gas. /1-7/ Electron temperature is rather low: 
the typical electron temperature in atmospheric plasma is 
close to 1 eV. Atmospheric plasma is usually limited to a 
rather small volume inside the discharge chamber. This is 
due to a high collision frequency of gaseous particles as 
the mean free path is extremely low. The high collision fre­
quency allows for rapid de-excitation of plasma particles. 
On the other hand, low pressure plasma can spread far 
from the discharge region due to a rather small collision 
frequency./8-12/ Rather homogeneous plasma can be 
created in large chambers, often of the order of a m3

, if not 
more. This unique property makes low pressure plasma 
particularly suitable for treatment of materials and compo­
nents on the industrial scale. Not surprisingly, low pres­
sure plasma is nowadays widely used in various technolo­
gies from the synthesis of nanoparticles to automotive in­
dustry. /13-22/ Such plasma if created in oxygen or a mix­
ture of oxygen, is extremely suitable for treatment of or­
ganic materials. /23-29/. The plasma parameters vary 
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enormously depending on particular conditions, but as a 
general rule, the gas usually remains close to the room 
temperature, the electron temperature easily reaches sev­
eral eV, while the density of charged particles can be any­
where between about 1015 and 1018 m3 /30-33/. Low 
pressure oxygen plasma is often characterized by a huge 
density of neutral oxygen atoms /34-37/. 

A modern technology based on interaction of oxygen plas­
ma with carbon containing materials is selective etching. / 
38,39/ Plasma radicals that interact with the surface of 
materials can cause a surface functionalization with polar 
functional groups as well as slow etching. /40-42/ Al­
though the flux of plasma radicals onto the surface is usu­
ally pretty uniform, the etching is often anisotropic and 
sometimes also not homogeneous. /43,44/ Plasma treat­
ment often also causes increased surface roughness or 
even new structures. /38,45-50/ The features formed 
spontaneously on the surface of carbon containing mate­
rial depend on the characteristics of specific material as 
well as on plasma parameters. /51,52/ In the current pa­
per we address the possibility of increasing roughness of 
pure highly oriented electrolytic graphite. 

2 Experimental 

Samples were used as received from the NT-MDT produc­
er. No cleaning (degreasing) was performed since oxygen 












