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Calculations of thermophysical properties of low-temperature carbon plasma
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The thermophysical properties of plasma (equation of state and electronic transport coefficients) play important role in various fundamental tasks and application. Their study for the low temperature plasmas of metals and semiconductors is of especial difficulty, because, contrary to the case of gases, these plasmas are located under relatively high temperatures (higher 5kK), where the measurements are difficult to carry out. There are some obstacles for theoretical models as well, especially when the density is growing up to the values ~0.1 of the density at ambient conditions. For this case the interparticle interaction becomes important [1]. The study of carbon properties on this background is appeared to be even more difficult, because it is the only one element of the periodical table for which the meting temperature has not been measured up to now. 
However, there several types of models for carbon and other substances, created to descrive various matter properties (including the thermophysical ones) over the wide range of parameters, captured the region of low-temperature plasma. For carbon it is the region of the temperatures 10–100 kK and the densities lower than 0.5 g/cm3 (the graphite density under ambient conditions is 2.25 g/cm3). The ab initio simulations as well as the average atom models and the chemical models belong to this number (see, for instance, [2]). Besides, during recent two dozen years new measurements have appeared exactly for this area [3, 4]. They allow us to specify the existing models and obtain new information.
Earlier we have developed a model to calculate the considered properties (pressure, internal energy, electrical conductivity, thermal conductivity, thermal power) for the low-temperature plasma of some metals and semiconductors [5–8]. It was successfully applied to plasma of such elements as Fe, Ni, B, Si and others. The chemical approach was used to obtain the thermodynamics and ionic composition of considered substances for given density and temperature. The relaxation time approximation, in turn, for known composition have allowed us to calculate the tranport coefficients. Presently this model was modified to apply it to the low-temperature plasma of carbon under the parameters pointed out above. The results of calculations by means of present model were compared with the data of measurements and calculations of other authors.
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