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Development of New Nickel-Metal Hydride Battery
with Polymer Hydrogel Electrolyte
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Abstract

Alkaline polymer gel electrolyte, named "polymer hydrogel electrolyte’, was prepared from potassium salt
of crosslinked poly(acrylic acid) and KOH aqueous solution in order to investigate its applicability to alkaline
secondary batteries such as nickel/metal hydride (Ni/MH) battery. The polymer hydrogel electrolyte was found
to have high ionic conductivity, a wide potential window, and high oxygen permeation rate, almost comparable
to the KOH aqueous solution. The electrolyte creepage along the metal surface was greatly suppressed by
using the polymer hydrogel electrolyte, due to its high water-holding capacity. An experimental Ni/MH cell
was assembled using the polymer hydrogel electrolyte, and its electrochemical characteristics were tested. A
similar type of Ni/MH cell was also assembled using a 6 or 7.3 M KOH aqueous solution for comparison. The
former cell showed good charge-discharge cycle performance and high-rate capability, almost comparable to the
latter cell. The former cell was also found to exhibit much higher capacity retention than the latter cell, partly
due to the low solubility or low diffusion rate of dissolved electrode materials in the polymer hydrogel electrolyte.
Thus the polymer hydrogel electrolyte developed in this work seems to have potential applicability to alkaline

secondary batteries.
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Fig. 1 Effects of KOH concentration on the
conductivity of the electrolyte at 25 °C.
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Fig. 2 Creepage characteristics of the electrolytes.
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Fig. 3 Time course of current for oxygen reduction
at — 0.9 V vs. Hg/HgO in the electrolytes at 25 C .
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Fig. 4 Experimental cell assembly for the polymer
hydrogel electrolyte-based Ni/MH battery.
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Fig. 5 Typical charge-discharge curves (10th cycle)
of the Ni/MH cells at 25 °C.
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Fig. 6 Discharge capacity as a function of cycle
number for the Ni/MH cells at 25 °C.

100
o 00— —
80 -
X 60 -
&
T 40 )
® 7.3 M KOH aqueous solution
20 | O Polymer hydrogel electrolyte
0 | |
0 500 1000 1500

Charge current density
/ mAh g[Ni(OH),]-1

K7 25°CICH T B2N/MHEMDSRFTEZHE
(HRC).

Fig. 7 High-rate chargeability (HRC) for the Ni/MH
cells at 25 °C.
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Fig. 8 High-rate dischargeability (HRD) for the
Ni/MH cells at 25 °C.
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Fig. 9 Capacity retention characteristics of the
Ni/MH cells at 25 °C.
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Fig. 10 Capacity retention characteristics of the
Ni/MH cells at various temperatures. Storage time :

10 days.
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Fig. 11 Typical discharge curves of the Ni/MH
cells at 25 °C. Storage condition : 55 °C, 10 days.
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Fig. 12 Distribution of dissolved Al species in the
electrolytes after 30 charge-discharge cycles.
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