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Iron-based Element for Low Temperature Thermoelectric Generator
Katsutoshi Ovo, Ryosuke O. Suzuxi, Ryoichi NAKAHASHI and Masahivo Suopa

Synopsis :

Direct conversion of low temperature waste heat source into electrical energy with thermoelements is an interesting
and challenging problem. In this study, the thermocouple consisting of a junction between Fe and Fe-7~12mass% Al
alloy has been developed. The uni-couple exhibits the power of 40¢ V/K at room temperature which is equivalent to
that for the junction between Cu and Constantant. The iron and iron-aluminum alloy may be of great significance as
materials for low temperature thermoelectric energy conversion because of their abundant production.

Cold-roll formed steel sheets were used for trial manufacture of a generator with a series connection of thermoelectric
elements. The steel sheet was bent in sharp waves, wrapped with aluminum foils tightly on the reciprocal planes of
the waves and heat-treated for alloying by diffusion of aluminum into the steel matrix.

Electric power generating facility using the iron and iron-based devices may have definite advantages : It has no
moving parts and requires very little attention. It cannot wear out. Therefore, the determining factor of the possible
use of thermoelectric generator is its efficiency. So, the latter half of this paper has been focused on the possibility to
convert low temperature heat source into useful power with high efficiency. Recovery of electricity was discussed on
the basis of a thermoelectric generator of the heat exchanger type in which the heat transferred by conduction through

a energy panel

consisted of a series of thermoelectric elements is accumulated in the air circulating as coolant and

recycled as a heat source for the use to a subsequent thermoelectric panel.
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Fig. 1. Principal diagram showing thermoelectric
conversion.
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Table 1. Chemical composition of the iron used.(mass%)

impurity C S Mn Si Cu Ni Cr O
composition|0.0014 <0.001 <0.01 <0.01 <0.01 <0.01 <0.01 0.010
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Fig. 2. Apparatus for measuring Seebeck coeffi-
cient. @ : Nichrom wire
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Fig. 3. Absolute Seebeck coefficient of Fe-Al alloy.
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Fig. 5. Schematic illustration of the energy panel
consisting of a series of laminated Seebeck
effect generators.

tions.
Junctions Seebeck coefficient
Aa(nV/K)
Cu - 60% Cud0 % Ni 40
Conventional Fe — 60% Cud0%Ni 51
90%Nil0%Cr - 60% Cud40% Ni 61
This study Fe - 88%Fel2 %Al 40
e
E

Er

Fig. 4. Density of states in pure iron.
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Fig. 6. Cross-sectional view of the Fe substrate
annealed at 1273K for 5 hrs after wrapped by
Al foil and Al profile determined by the
EPMA line analysis.
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Fig. 7. Cross section of a conceptual thermoelectric
conversion system.
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