Development of battery-type thermocell
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Introduction

Summary

- Recovery of waste heat with low temperature (T<200 "C) is highly desired.

~

- Semiconductor thermoelectric materials are expensive and need high-T waste in the thermocell.

heat for the high-performance thermoelectric conversion.

- Electrochemical thermoelectric effect has been studied, and a large value (~1
mV/K) of AV/AT was observed. However, it needs expensive Pt electrodes.
- The replacement of the Pt electrode by other cheap electrode Is expected.

-

We have fabricated a battery-type thermocell and demonstrated the electrochemical thermoelectric effect

(1) A large value of AV/AT (AV: thermoelectric voltage, AT: temperature difference) of -0.720 mV/K was
observed for P2-type Na,,,Co0..
\(2) Time (t) evolution of AV was qualitatively explained by mean-field theory of chemical potential (®). /
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Experiments

Preparation of paste-type electrode

O3-type : Na, 4oC00,

A mixture of Na,O, and Co;0, was twice calcined at 550 "C in oxygen for 24 h.
P2-type : Na, ,C00,

A mixture of Na,CO; and Co;0, was calcined at 800 "C in air for 12 h.

Electrode preparation:

powders : acetylene black : polyvinylidenefluoride (PVDF) =8:1:1
Dried at 373 K for 12h in vacuum

Discharge measurement

Galvanic beaker cell was used.
-Negative electrode : stainless steel with sodium metal
- Electrolyte : propylene carbonate (PC) containing 1 mol/l NaCIO,
-Charge/Discharge current : 12 pA
-Cut off voltage : 2.0V -3.4V

Thermoelectric property beaker cell

- AV measurement : Electrometer
(ADCMT 8252) plate fin heat sink

- AT measurement : nanovolt meter

(AT)

) : Peltier element
constantan thermocouples Peltier element

«mlll"mmiil'

- Application of AT : Source meter
(Matsuzada P4K80) with commercially
available Peltier element

plate fin heat sink

AV (electrometer:

ADCMT 8252)

Preparation of a coin-type thermocell

Stainless steel cap
Stainless washer = |

} Stainless plate
Stainless mesh

Nay ooC00, _“——> Teflonring

- electrode bl
Separator with electrolyte COin-type thermocell
S electrode
(;:f\b,,-f-/—«\) Stainless steel cap
Electrolyte:

1mol/L NaClO, PC (Propylene Carbonate)

Analysis of time dependence of AV
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Time (t) dependence of AV in Na, 4C00,

Chemical potential (@) as a function of x
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(D Na ions move from hot to cold part.

@ The Na ions return to the original electrode.
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