Temperature - electrical conductivity dependencies of silicon carbide (3C-SiC) nanoparticles exposed to neutron irradiation
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Nano 3C-SiC particles were irradiated with neutron flux (2x1013n∙cm-2s-1) in the central channel (Channel A1) of TRIGA Mark II light water pool type research reactor at full power (250kW) in the "Reactor Center" of Institute Jozef Stefan (IJS) in Ljubljana, Slovenia [1-5]. The effects of the temperatures and neutron irradiation on the electrical conductivity of nanocrystalline silicon carbide (3C-SiC) investigated at different frequency regions. Additional radioisotope or active defects are formed in the nanomaterial under the neutrons flux (2x1013n∙cm-2s-1). It was observed that the electrical conductivity of nanocrystalline 3C-SiC increased in accordance with neutron irradiation periods. Several factors can affect the increase in numerical value of electrical conductivity of 3C-SiC nanomaterial during neutron irradiation. First of all, the concentration of carriers during neutron irradiation can increase the electrical conductivity. In addition, new type of isotopes (transmutation elements) created in 3C-SiC nanomaterial during neutron irradiation affect the conductivity in a different way. The electrical conductivity can increase or decrease in accordance with newly formed isotopes which are n-type or p-type dopants. During neutron radiation 31P isotope is formed in 3C-SiC nanomaterial. This is n-type dopant and the increase in the concentration of isotope 31P leads to the increase in the numerical value of electrical conductivity. The numerical values of the electrical activation energy were compared which is calculated by Arrhenius approach. It was revealed that the activation energy decreases due to the increase in duration of the neutron irradiation and by increasing in frequency. According to the theoretical approach, the temperature dependence of the electrical conductivity of 3C-SiC nanomaterial was considered to have exponential nature.
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