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Abstract — Lithium-ammonia (Li-NH,) solutions are possible to be successfully made under the vacuum condition but
there still remains a problem of undergoing stable and reliable decomposition in vacuum for high-efficiency thermo-
electric power generation. This paper describes a new method for improving the thermoelectric conversion efficiency of
Li-NHj; solutions in vacuum. The proposed method uses a ‘B’-shaped Pyrex vacuum tube for the preparation and
decomposition of pure fluid Li-NHj; solutions. The tube is shaped so that a gas passageway (‘H’) connecting both legs of
the ‘U’ helps to balance pressure inside both ends of the tube (due to NH; gasification) during decomposition on the hot
side. Thermoelectric experimental results show that solution reaction in the ‘Y’-shaped tube proceeds more stably and
efficiently than in the ‘U’-shaped tube, and consequently, thermoelectric conversion efficiency is improved. It is also
proved that the proposed method can provide a reversible reaction, which can rotate between synthesis and decompo-
sition in the tube, for deriving the long-time, high-efficiency thermoelectric power.
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Fig. 2. Preparation and decomposition of pure Li-NH3 solutions. (a)
‘Y’-shaped Pyrex tube and (b) overall thermoelectric experi-
ment system: Injection of pure Lithium into the ‘B’-shaped tube
is carried out in the glove box with anhydrous and deoxi-
dized inside. Both preparation and decomposition of the solu-
tions is accomplished in the ‘B’-shaped tube inside which a
vacuum is recreated after the tube is connected to the exper-
iment system.
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Fig. 1. (a) Previously used ‘U’-shaped pyrex tube.; (b) Newly proposed ‘B’-shaped pyrex tube: (A;, A,) is thermocouples (B;, B,) is Electrodes

and C is a gas passageway-control valve.
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Table 1. Experimental system data associated with Figure 2

Unit Value Remarks
Diameter mm 15
Height mm 240
“B’-shaped tube Volume ml 120 Pyrex
Gas passage Diameter mm 2.0
Diameter mm 0.40
Electrode Resistance Q 0.14 Copper
Dipping length mm 10.0
Thermo-couple Type T type (copper & constantan)
Model Kodivac, GHP-150 K
Vacuum Pump-— 181 Vmin, 1.0x10° Torr
Model Keithley, 2700
Multi-meter Spec. Range: 100 nV-1000V/10 nA-3A, Temp.:

-200~1820°C
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Fig. 3. Solution synthesis in the thermostatic container. (a) recreation of
a vacuum to 0.001 Torr inside the tube with -45 °C by vacuum
pump.; (b) injection of liquid ammonia into the tube contain-
ing a piece of lithium.
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Fig. 4. Control of the two heat sources for (a) initial decomposition and (b) long-term decomposition (the high and the low temperature induces
“a transition to the dilute density” and “a transition to the concentrated density” in both sides of the tube, respectively).
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Fig. 5. Real-time thermoelectric characteristics due to temperature-difference variation. -‘U’-shaped pyrex tube (a) 1.0 MPM, (b) 2.0 MPM,
-‘&’-shaped pyrex tube (c) 1.0 MPM, (d) 2.0 MPM.

Table 2. Concentration according to the average output voltage and current

‘U’-shaped pyrex tube

‘B’-shaped pyrex tube

MPM measuring range : 1,300~3,300 sec.
Average Output Voltage(mV) Average Output Current(mA) Average Output Voltage(mV) Average Output Current(mA)
0.5 0.543 0.008 0.684 0.011
1.0 0.282 0.016 0.325 0.023
1.5 0.195 0.022 0.217 0.036
2.0 0.183 0.027 0.194 0.041

Table 3. Average increase in voltage and current due to temperature changes (AT=1 °C)

‘U’-shaped pyrex tube

‘B’-shaped pyrex tube

measuring range: 1,300~3,300 sec.

MEM Average Voltage Increase AV Average Current Increase Al Average Voltage Increase AV Average Current Increase Al
(mV/°C) (mA/°C) (mV/°C) (mA/°C)
0.5 0.04315 0.00073 0.05938 0.00139
1.0 0.00736 0.00059 0.03396 0.00255
15 0.00576 0.00058 0.02931 0.00301
2.0 0.00992 0.00102 0.02085 0.00404
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