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Abstract The charge-discharge, the high-rate dischargeability, and the self discharge characteristics of the elec-
trodes composed of rapidly solidified ZrVe Mno sMoo 2Ni: . alloy, which has the form of partial substitution of Mn, Mo,
Ni for V in ZrV,, were studied. The alloys were prepared using Arc & RSP (Rapid Solidification Process) at the rotat-
ing roller speed of 2000 and 5000 rpm. Some of them were received heat treatment at 560 C for 1 hour after the
solidification to investigate the effect of the heat treatment. It was found that cycle life was significantly improved by
RSP, whereas discharge capacity, activation rate and high rate dischasgeability were decreased compared with the con-
ventional arc melting method. The capacity loss seems to be due to the loss of the crystalfinity and the increase of the
cycle life ascribed to the presence of the amorphous phase as well as the refined grain size of less than 0.1ym. Heat *
treatment of the the alloy cooled at 2000 rpm improved the cycle life. In case of the alloys cooled at 5000 rpm, both the
discharge capacity and the activation rate were significantly improved by the heat treatment.
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Table 1. Various alloys used for the experiment.

Alloy
Notation
AM Arc melting
Arc melting — Rapid Solidification at 2000

Alloy Fabricating Method

AR2
rpm
ARS Arc melting — Rapid Solidification at 5000
. 1pm
Arc melting — Rapid Solidification at 2000
AR2H .
rpm — Hea_t treatment
ARSH Arc melting — Rapid Solidification at 5000

rpm —> Heat treatment
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Table 2. ICP Composition Analysis (wt. %) of the AM, AR2, and AR5 alloys.

Alloy Zr \% Mn Mo Ni Composition formula
Taget 42.74 2.39 12.87 8.99 33.01 Zr1.00V o.10Mno. 50M0o. 20Nis. 20
AM 41.87 2.21 11.01 9.50 33.30 Zro.95V 0.0Mno. sM0o. aNiy. 21
AR2 42.80 2.30 11.85 9.20 33.21 Z11, 00V o.09Mng 4sM0g aNir. 21
ARS 42.65 2.25 11.43 9.23 3340 Z11.00V 0.0sMn1o. Moo 2Nis. 1

Table 3. The relationship between the degree of the crystallinity and the electrode characteristics of the alloys.

Crystallinity High - Crystallinity - Low
Alloy AM AR2H AR2 ARSH AR5
Activation cycles(No. of cycles) 6 35 35 60 170
Discharge capacity(mAh/g) 310 240 240 190 160
Cycle life(No. of cycles) 60 110 190 470 730
Exchange current dénsity(mA/g) 85 48 30 25 12
High rate dischargeability(%) 86 69 52 27 11
charge retention capability(%) 88 77 67 64 45
450 o} AAAL as-cast TFFo) /A Fuin, LuLr)
e AM -=-AR2 —eARS E4EF AR o] A4t AL B ¢ o). w=§ I Eld
e . U ofa ) AHAe] AT HRFE AE T 4 2led,

Discharge capacity (mAh/g)

Number of cycles

Fig. 1. Charge/Discharge cycle curves of the AM, AR2, AR2H,
ARS, and AR5H alloys.
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(a) AM‘

(b) AR2

{e) ARSH

Fig. 2. SEM micrographs of the AM, AR2, AR2H, ARS, and ARSH alloys after charge/discharge cycle test
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Fig. 3. X-ray diffraction patterns of the AM, AR2, AR2H, ARS,
and ARSH alloys.

£ (a) AR2
£ T 5564 T
= © ‘
£ |
£ 13
b "
; Y
o
=
3
x
28 200 4'00 600 éoo 1'ooo 1199
Temperature (C)
£ (b) AR5
£ (1 s34 T
3 w *
2B
£z
g3
@
:
=
3
I
29 'ioo 4'00 sbo sbo 1000 1195

Temperature (C)

Fig. 4. DTA pattern of the rapidly solidified alloys of (a) AR2
(b) ARS (heating rate = 0.17 K/sec).
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Fig. 5. SPM images of the rapidly solidified alloys of (a) AR2
(b) ARS.
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Fig. 6. HRD(%) vs Exchange current density of the AM, ARZ,
AR2H, AR5, and ARSH alloys showing a nearly linear relation-
ship between the two.
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Fig. 7. Discharge capacities of the alloys measured at the differ-
ent current densities ranging from 25 to 1000 mA/g.
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