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A Study on the Electrochemical and
Thermodynamic Properties of
Hydrogen Absorbing Alloys.

Chan-Kyo Park, Tae-Hwan Cho

Dept. of Chem. Tech., Dankook Univ.

Abstract . Electrochemical and thermodynamic properties of MmNis and the related alloys for
nickel-metal hydride battery(Ni-MH) were studied in terms of the equilibrium hydrogen pressure.
MmNis alloy with high equilibrium hydrogen pressure(10~20atm at room temperature), which
is usually difficult to charge, was substituted for Al in part. Partial substitution of Al made not
only the equilibrium pressure to be reduced remarkably, but also the enthalpy change depending
on the formation of metal hydride to be agreed to the value in gas phase reaction and electrochemi-
cal reaction. Besides the composition of Al which can be given the maximum discharge capacity
was turned out to be between the 0.5~1.0 atoms of Al
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Fig. 1. Charge and discharge reactions of Ni—MH
battery.
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Table 1. Discharge capacity, charged hydrogen con-
tents and discharge efficiencies of MmNis
- Al, electrodes.

Alloy Discharge capacity | Charged hydrogen | Discharge
composition | (mAh/g) | content(H/M) | efficiency(%)
MmNi; sAlo5 228 097 61.3
MmNi, Al 206 0.67 774
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Fig. 3. Charge( ©- ) and discharge( ®- ) hydro-
gen capacity of MmNis-Al, electrodes
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Fig. 4. Equilibrium potential-hydrogen composition
isotherm curve for MmNis-,Al, electrodes
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Table 2. Temperature dependence of equilibrium
potential for MmNi;-,Al,

Equilibrium potential
(V vs. Hg/HgO)
Metal hydrid
etal ydride mo73.15K | 283.15K | 208.15K
MmNigAlsHzo | —0.9133 | —0.9160 | —0.9201
MmNi,AlHzs | — 08837 | — 08856 | — 0.8903
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Fig. 5. Temperature dependence difference in stan-
dard equilibrium potentials between metal
hydride and hydrogen electrodes(AE®) for
MmNis-Al, in IN—KOH electrolyte.
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Fig. 7. Relationship between pressure and tempera-
ture for MmNi;-,Al, electrodes

Table 3. Enthalpy and entropy for MmNi;- ,Al, elec-

trodes
Metal hydride AH AS
(kJ/molH,) | (J/K-molH,)
MmNi,sAlosHao —34.62 —115.84
MmNi4.0A1Hz,o - 4039 - 10601
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Fig. 9. Relationship between hydrogen pressure and
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Table 4. Constants of logPu, = (A/T) + B

i absorption desorption
Metal hydrid Temp.(K) Temp.(K)
etal hydride A emp. 4 g emp.
for P=1atm for P=1atm

MmNisHe, | -93934(494| 19015
MmNi, sAlosHs |- 194358(6.63)  293.15
MmNi cAlH,s [-201010(546| 368.15

~17873]5.33| 22L15
~18149016.17| 294.15
-197318|536| 368.15

Table 5. Thermodynamic properties of MmNis_,Al,
by gas phase charge

, AH(KJ/molH;) AS(J/K - molH,)
Metal hydride - - 3 :
absorption desorption |absorption |desorption
MmNisHs, —1791 | —2255 | —9457 | —102.04
MmNisAlosHsy | —37.22 | —34.80 | —12695 | —11831
MmNi;AlH,s | —3853 | —37.77 | —104.67 | —10259
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