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Abstract

The phase structures and electrochemical performancg,@iNio sHfp05Co, (x = 0,0.113,0.152 and 0.192) alloys have been investigated.
Itis found that the addition of Co into the,YTiNiysHfo o5 alloy decreases the amount of the V-based solid solution main phase and increases
the amount of C14-type secondary phase without any change in the pattern of the three-dimensional network structure. With increasing Co
content, the unit cell of the main phase contracts and that of the secondary phase expands. Electrochemical measurements show that the
maximum discharge capacity of the Co-added alloys is much less than that TNV, sHf 05 alloy, but their high-rate dischargeability and
cycle stability are markedly improved.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction ment to inhibit the corrosion of the alloy in KOH electrolyte
[10]. The phase structures and electrochemical behaviors of
Since Tsukahara et a[l,2] reported the novel dual V21TiNigsHfpo5Co, (x = 0—0.192) alloys are reported in
phase hydride electrode alloysViNigse, vanadium-based  this paper.
solid solution alloys containing titanium and nickel have
been attractive for their potential application in the Ni-MH
battery because of their high hydrogen storage capacity.2, Experimental details
However, the poor cycle stability of these alloys in KOH
electrolyte keeps them from being industrialized. Tsuka- All samples of \b 1 TiNi g 5Hfo.05C0, (x = 0, 0.113, 0.152
hara et al.[3,4] and Zhang et al[5-7] investigated the  and0.192) were prepared by vacuum induction melting under
influence of various additive elements tgNNigse and argon atmosphere, and each batch was remelted three times
V3TiNioseHfo.24 alloys for improving their electrochemi-  to ensure high homogeneity. The metallographic microstruc-
cal properties, especially, the cycling stability. Their works tures were examined by using a scanning electron microscopy
have shown that multi-component alloying is an effective (SEM) and the chemical compositions determined with an
method for improving the overall properties of these alloys. energy dispersive X-ray spectrometer (EDS). Samples were
V21TiNiy (x = 0.1-0.9) and ¥ 1TiNigsHf, (x =0-0.25)  pulverized by first hydriding and then crushed mechani-
alloys have been studied and reported in our previous workscally into a powder of 300 mesh after dehydriding. The
[8,9]. V2.1TiNig sHfo.05 was found to have a high discharge crystal structures and lattice parameters were determined
capacity of 444mAh/g and a poor capacity retention of by X-ray powder diffraction (XRD) using Cu & radia-
27.66% after 30 cycles. In order to improve its electrochemi- tion. The pressure—composition isothern®s-(—T' curves)
cal properties further, we chose Co as the added alloying ele-were measured with the electrochemical method. Each test
electrode was prepared by mixing alloy powder with cop-
* Corresponding author. Tel. +86 571 8795 1152; fax: +86 571 8795 1152. Per powder in the weight ratio of 1:2 and then cold-pressed
E-mail address: Ixchen@zju.edu.cn (L.X. Chen). the mixture into a pellet. The electrochemical properties of
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these negative electrodes were measured in a tri-electrode
open cell at 298 K with a sintered Ni(ORHNIOOH positive

counter electrode and a Hg/HgO reference electrode. The
negative electrodes were charged at 100 mA/g for 6.5h and
discharged at 25-500 mA/g to the cutoff potentiat@f. 70 V

versus Hg/HgO. The exchange current densitjesf alloys o
were calculated from the slopes of micropolarization curves, o
which were determined by scanning the electrode potential

at 0.1 mV/s from—>5 to 5mV (versus open-circuit potential)

with a Solartron Sl11287 potentiostat.
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3. Results and discussion i .
Fig. 1. XRD patterns of Y1 TiNigsHfp 05C0, (x = 0-0.192) alloys.

3.1. Phase structures

3.2. Electrochemical properties
The XRD patterns of the ¥ TiNigsHfg0sCO, (x = O—

0.192) alloys are shown iRig. 1 All alloys consist of two The maximum discharge capacities of the 1ViNigs
phases indexed as a main phase of V-based solid solution withHf, ,sCo, (x = 0-0.192) alloys are shown iffig. 3. It
b.c.c. structure and a secondary phase of Cl4-type Lavesan be seen that MTiNigsHfoos has the highest dis-
phase. The calculated lattice parameters of each phase areharge capacity of 444 mAh/g, much higher than that of
shown inTable 1 It can be seen that the lattice parameter v/, ; TiNiq 5Hfo g5C0p.113 alloy (386 mAh/g). When increas-
of the main phase decreases from 0.30626 to 0.30507 nmjng the Co content further to= 0.152—0.192, the maximum
and those of the secondary phase significantly increase withdischarge capacity decreases to 329—-350 mAh/g. The electro-
increasing Co content from= 0 to 0.192. chemicalP—C isotherms of the above alloyEif). 4) indicate

The SEM micrographs of the{ TiNig sHfo.05Co, (x = that the plateau pressure of tReC isotherms rises and the
0-0.192) alloys are shown ffig. 2 It can be seen thatthe  width of pressure plateau reduces with increasing Co con-
secondary phase precipitates along the grain boundaries ofent. We believe that the decrease of the discharge capacity
the main phase in the form of a three-dimensional network. due to the Co addition could be ascribed to two factors: the
With the increase of Co content, the grain size of the main decrease of the molar fractions and the lattice parameters of
phase decreases. Based on the compositions determined bihe main phase. The former is mainly responsible for the first
the EDS analysis, the molar fractions of the main and sec- noticeable decrease (from 444 to 386 mAh/g) while the later
ondary phases are calculatdd] and shown inTable 1 It is more responsible for the second one (from 386 to 329—
can be seen that the increase of Co content gives rise to 850 mAh/g), because comparing with VTiNig sHfo.05 and
decrease of the amount of the main phase and an increase o, ; TiNi sHfo,0sCp.113, the equilibrium hydrogen pressure
the amount of the secondary phase, which is in good agree-of \/, ; TiNig5Hf05C00.152 Or V2 1TiNig5Hf0,05C00.192 is
ment with SEM observation. In addition, only a small portion  aimost the same and distinctly higher, as a smaller cell vol-
of Co goes into the V-based solid solution and the main Por- yme genera”y leads to a h|gher equi”brium pressure.
tion of it stays in the secondary phase together with Hf and  Fig. 5shows the relations between discharge capacity and
Ni, leading to the increase of the amount of the secondary discharge current density for the YTiNig sHfo,05C0, (x =

phase. 0-0.192) alloys. At larger discharge current densities (400—
Table 1
The characteristics of the phase structures in ghdWNigsHfp 05Co, (x = 0-0.192) alloys
X Phase Composition (at.%) Molar Lattice parameters (nm)
- - fraction
\% Ti Ni Hf Co

0 Main phase 75.23 19.44 5.28 0.04 - 0.69 a = 0.30626

Secondary phase 15.98 4451 36.01 3.50 - 0.31 a = 0.50147,c = 0.80933
0.113 Main phase 76.09 16.84 4.88 0.67 1.52 0.58 a = 0.30536

Secondary phase 25.32 42.19 25.74 2.53 4.22 0.42 a =0.50163,c = 0.82497
0.152 Main phase 77.50 1541 431 0.16 2.62 0.53 a = 0.30526

Secondary phase 31.62 39.53 20.16 2.37 6.32 0.47 a =0.50199,c = 0.82106
0.192 Main phase 78.13 14.39 4.17 0 4.32 0.49 a = 0.30507

Secondary phase 35.71 37.59 15.41 2.26 9.02 0.51 a =0.50145,c = 0.82128
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Fig. 2. Scanning electron micrographs of MiNigsHfo 05Co, (x = 0-0.192) alloys: (ay = 0; (b) x = 0.113; (c)x = 0.152; (d)x = 0.192.

500 mA/g), the discharge capacities of the Co-added alloys studied. These results are also supported by the magnitude of

are much higher than that of M TiNigsHfg0s5. From the
high-rate dischargeability (HRJgg) of these alloys at the
discharge current density of 400 mA/g shownTable 2 it
can be seen thatM TiNig 5Hfg 05sC0p 192 has the best high-
rate dischargeability (HREyo of 50.15%) among the alloys
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Fig. 3. The maximum discharge capacity of MiNigsHfo.05Co, (x = 0—
0.192) alloys charged at 100 mA/g and discharged at 25 mA/g.
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Fig. 4. The electrochemical hydrogen desorpti®rC isotherms of
V21 TiNigsHfg0s5Coy (x = 0—0.192) alloys at 298 K.

the exchange current densitigs(Table 2 calculated from
the slopes of micropolarization curves of the alloys.

The cycling capacity degradation curves of the
V21 TiNigsHfg.05C0, (x = 0—0.192) alloys are shown kig.
6. All of the alloys were activated within six charge—discharge
cycles. The discharge capacity of VTiNigsHfg o5 reduces
rapidly and its capacity retention after 30 cycles is only
27.66%. However, the degradation of the Co-added alloy
slows down with increasing Co content. For example, the
capacity retention of W1TiNigsHfo05C0p 192 is 87.32%
after 30 cycles and 46.02% after 100 cycles, much better
than that of \4 1 TiNig5Hfg 05. These indicate that the addi-
tion of Co is helpful in improving the cycling stability of
the V5 1TiNig5Hfg0sCo, alloys. Although the dissolution
of vanadium in the alloy into KOH electrolyte is fast, Co

500
— ] —O0—x=0
(2] 4
2 400] D\:\ —0—x=0.113
< 1 q 0 —A—x=0.152
E 12\ T~ —v—x=0.192
2 ] v\o\ °
4 O
S s007 G A<o
] T
O 200
() 4 0.
< \
m 4
.5 4
@ 100 \%
a ]
O‘ T T T T T T
0 100 200 300 400 500

Discharge Current (mA/g)

Fig. 5. Relations between discharge capacity and discharge current for
V2.1 TiNigsHfp 05C0, (x = 0-0.192) alloys.

Table 2
The high-rate dischargeability (HRE)= Ca00/C2s5 x 100%) and
exchange current densitiésof V2 1 TiNig sHfg.05Co, (x = 0-0.192) alloys

x 0 0.113 0.152 0.192
HRD400 (%) 26.50 4760 42.37 5015
Io (MA/g) 96.14 107 96.90 1310
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Fig. 6. The cycling capacity degradation curves of;ViNigsHfo05Co,
(x = 0-0.192) alloys charged at 100 mA/g and discharged at 50 mA/g.

restricts the dissolution of vanadium and improves the cor-
rosion resistance of this series alloys in KOH electrolyte
solution noticeably10].

4. Conclusions

Allofthe V21 TiNig sHfg 05C0, (x = 0-0.192) alloys con-

sist of two phases indexed as a main phase of V-based solid
solution with b.c.c. structure and a secondary phase of C14-
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other hand, the addition of Co into the YTiNig sHfg o5 alloy
is significantly beneficial for the high-rate dischargeability
and the cycling stability.
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