TEMPERATURE - ELECTRICAL CONDUCTIVITY DEPENDENCIES OF SILICON CARBIDE (3C-SiC) NANOPARTICLES EXPOSED TO NEUTRON IRRADIATION
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SiC used at high temperatures, due to the excellent mechanical properties and high oxidation resistance. Strong covalent bond between Si and C atoms forms the base of these excellent properties. Moreover, SiC is widely used as relatively resistant material against the ionizing radiation. At the present work, cubic modified 3C-SiC nanoparticles with the ​​120 m2g-1 specific surface area (SSA), 18nm particle size, 99+% purity and 0.03g·cm3 (true density 3.216 g·cm3) density were taken as research object [US Research Nanomaterials, Inc., TX USA]. 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. Neutron flux has the following integral parts when reactor is running full power mode [1-6]: for thermal neutrons 5.107x1012 n∙cm-2s-1 (1±0.0008, En< 625eV), for epithermal neutrons 6.502x1012 n∙cm-2s-1 (1±0.0008, En ~ 625eV ÷ 0.1MeV), for fast neutrons 7.585x1012 n∙cm-2s-1 (1±0.0007, En> 0.1 MeV), and finally for all neutrons flux is like 1.920x1013 n∙cm-2s-1 (1±0.0005) in the channel A1. Irradiation with neutron and determination of characteristic parameters of the neutron flux were conducted with the known methods in the literature [1-6]. After neutron irradiation, physical properties of nanomaterial changed and several papers have been published [7-15]. Nano 3C-SiC powder squeezed into a pill with the 2.2 mm height and 15mm diameter at the press machine (3kN/cm2) under specific conditions in the "Thin Films and Surfaces F3" laboratory of IJS. Prepared samples are placed into the aluminum container fitting to the channels of the reactor. Prepared samples were continuously irradiated in the channel A1 at 1, 5, 10 and 20 hour periods and the activity of samples reached to 3GBq as a result of neutron irradiation. Therefore, all measurements were carried out waiting about 500 hours after the neutron irradiation. After irradiation silver contacts fixed on the surface of the samples under specific conditions and their quality were checked by microscope (Ögussa, Leitsilber 200). Then measurements were carried out by taking the samples between two platinum plates. The electrical conductivity of the samples was measured in the temperature range of 100 - 400 K for alternating current (AC ~ 1V) in "Novocontrol Alpha High Resolution Dielectric Analyzer" device at the “Condensed Matter Physics - F5” department of IJS. During the measurements the accuracy of the temperature at any degree was 10-2K and this accuracy was obtained by the bridge method [16,17].

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). Before and after neutron irradiation the activation energies of samples were calculated for two different constants frequency according to Arrhenius approach. 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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