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In order to improve the performance of electrodes in industrial applications, a better 
understanding of the physical processes occurring in plasma arcs is required. Among the different 
types in use, binary thermionic cathodes present a lesser degree of erosion than pure cathodes [1]. 
Evidence from experiments shows that they have a lower working temperature than the pure ones, 
which leads to the assumption that the evaporated dopant atoms return to the cathode surface, but 
so far there no studies have been made that could confirm this hypothesis.  

 
A model has been developed which aims to help understand the phenomenon, and which 

studies the dynamics involved in the evaporation of the atoms from a 2% thoriated tungsten 
cathode, applying the type of conditions that are typical for an industrial arc. The cathode region 
has been modelled for an argon plasma [2], and the values for the basic properties such as electric 
field, density and speed of the species have been determined depending on the distance from the 
cathode. The cathode region acts as a background due to the low density of the evaporated 
thorium atoms compared with the high density of the argon atoms, which is why the atoms 
evaporated from the cathode disperse through the cathode region without alter it. The continuity 
equations and transport equations are solved for the evaporated atoms and the evaporated ionized 
atoms. The elastic and inelastic collisions of neutral atoms and ions have been taken into account.  

 
The binary elastic collisions generate friction forces between species which depend on the 

interaction potential. The cut-off Coloumb potential has been used for the interaction between the 
charged particles, the hard sphere potential for the neutral particles, and the polarization potential 
for the interaction between a charged and a neutral particle [3]. 

 
The main inelastic process for the tungsten and thorium atoms is the ionization occurring 

due to the electronic impact, the coefficients of which, KiW  and KiTh, have been calculated 
respectively. For argon, the ionization due to electronic impact (KiAr) as well as the three-body 
recombination of one ion and two electrons have been taken into account. The obtained values for 

the coefficients satisfy the inequalities iTHiWiAR KKK <<< , in accordance with the different 

ionization potential values: 15.76 eV for argon, 7.86 eV for tungsten, and 6.31 eV for thorium. 
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Figure 1: Dependency on the distance from the cathode of numerical densities of the species in an 
arc with a  2% thoriated tungsten cathode. Ar, W and Th designate the neutral argon, tungsten and 
thorium species. The + symbol is used for the ions of the species. The letter ‘e’ denotes the 
electrons.  
 

Figure 1 shows the density profiles of the Ni species which were obtained with this model. 
We can see that the density of Th decreases rapidly due to its ionization. The density of Th+ 
reaches its maximum in close proximity to the cathode, which is due to the ionization process of 
Th and the flow of Th+ ions towards the cathode, which occurs afterwards. Once Th+ has reached 
its maximum density, it decreases rapidly. The flow of Th+ to the cathode is caused by the intense 
electric field which exists in its proximity. The density of W decreases more slowly than that of 
Th since its ionization coefficient is lower than the one for Thorium. For this reason, W+ is also 
produced  in areas where the electric field is not as strong. This allows for a small part of W+ to 
escape from the cathode region, which can be seen in Figure 1.  

 
The results which have been obtained show the return of the dopant to the cathode surface 

and justify the low level of erosion experimentally found in the thoriated tungsten cathodes.  
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