Thermoelectric Properties of Mn and Ni doped Magnetite

N.Koseki, Y.Oikawa, C.Kim and H.Ozaki

Department of Electrical Engineering and Bioscience, Waseda University, Tokyo, Japan

E-Mail: ozakiha@waseda.jp

Phone: +81-3-5286-3369,  Fax: +81-3-3202-9375

 Thermoelectric properties have been investigated on sintered magnetite (Fe3O4) in the temperature range 200-700◦C. Magnetite, composed of nontoxic elements with high Clark number, is a heat resistant material, and thus, has a potential for thermoelectric materials operating at higher temperature. There has been, however, very few studies on the thermoelectric properties of sintered magnetite, though there are some reports on single crystal including substitution effect. [1-4]

 Polycrystalline magnetite samples were prepared by sintering the Fe3O4 pellets at 1100◦C for 10 hours in Ar atmosphere. Substitutions of Mn and Ni were carried out by using Mn3O4 and NiO powders. XRD signal showed that the samples were single phase of cubic spinel over the substitution range of Mn and/or Ni prepared in this study.

 Previously, we examined the effect of grain boundary on the electronic transport properties in pure and Mn and/or Ni substituted materials and found that it did not show a remarkable effect by comparing the results with those for single crystals.[5]

 In the present study, investigations were focused on substitutional doping of Mn and/or Ni, (MnyNi1-y)xFe3-xO4, for 0≤y≤1 and 0≤x≤0.4. The experiments showed that both electrical resistivity (ρ) and absolute value of Seebeck coefficient (S) increased with increasing the temperature. For a fixed substitution content x, both ρ and S increased with increasing the relative Mn content y, except for the region near y=2/3. Near y=2/3, where the 3d-electron concentration corresponds to that of non-doped material, a dip in ρ and a hump in |S| were found in the y dependences, and thus, yielding a hump in the thermoelectric power factor (PF). For y=2/3, both ρ and |S| increased with increasing x, and consequently, the PF increased with increasing the doping content x, attaining to 1.3μW/K2cm for x=0.4 at 700◦C.

 The behaviors in ρ, S and PF around y=2/3 will be discussed in detail.
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