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[ Abstract] The rapid development of electric vehicles demands the development of high performance nicketmetal hy-

dride battery that is able to endure high temperature. The discharge properties of Tig 7Zrg.5sVo 2Mn; g, Ni,(x= 0.4,

0.8, 1.1, 1.4, 1.7) hydrogen storage alloys was investigated and its phase composition was analyzed using X-ray diffrac

tion. The results show that the cycling life was improved as the content of nickel increases. When x= 0.4, 0.8, 1.1 and

1.4, the main phase is MgZn; type C14 Laves phase and the second one is cubic TiNi phase. When x= 1.7, the Laves

phase structure disappears. EDAS analysis shows that the increase of nickel content is effective in suppressing the dissolu-

tion of vanadium component in alloys.
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1 INTRODUCTION

The rapid development of electric vehicles is in-
evitable because of less environmental pollution.
Now, one of R& D directions is focused on the EV in
USA, Japan, Canada etc to satisfy the requirement of
the rapid development of transportation, energy and
environment. Fuel cell " ?', Li* secondary battery!’!
and NrMH battery!® °! are the promising candidate
driving power. Pbracid secondary battery has been
used in electric bike and electric scooter. Pbracid bat-
tery would be replaced by other batteries, firstly by
NrMH battery, because of its low energy density
(only 30 Wh/ kg). When electric vehicle accelerates,
the time-output power is large and the output current
is also high. Therefore the temperature inside battery
is higher, which indicates that the metal hydride elec-
trode must have good high-temperature properties.
Based on the discussion above mentioned, in this pa-
per the properties of Tiy 7ZRo 5Vo.2Mn; g ;Ni,(x =
0.4, 0.8, 1.1, 1.4 and 1. 7) hydrogen storage al-
loys at 323 K and 353 K are investigated, including
activation behavior, discharge capacity and phase
composition etc.

2 EXPERIMENTAL

The purity of all used original materials is higher
than 99. 5% . The ingot was prepared by high-
frequency induction melting and then mechanically

pulverized to pow der for electrochemical measurement
and X-ray diffraction analysis. The electrode prepara-
tion method is the same as that listed in Ref. [ 6]: the
mixture of alloy powder and nickel powder (mass ra-
tio is 17 2) was pressed at 1. 5 MPa to a round disk
electrode with a diameter of 10 mm and thickness of
about 1 mm; the content of alloy powder is about 200
mg. The charging-discharging cycle current is 25
mA/g. The reference electrode is Hg/ HgO/ 6 mol/ L
KOH and the positive electrode is Ni( OH) o/ NiOOH
electrode using 6 mol/ . KOH electrolyte. Environ-
ment temperatures were set up at 323 K and 353 K,
respectively. The end point of discharge was set at
- 0.6 V. The charging-discharging cycle was mea-
sured using DC-5 Battery Test Instrument. The
Philips X’ pert diffractometer was used for phase anal-
ysis; the power is 40 kV X 20 mA and the scanning
rate is 0. 04(9 /s. The energy dispersive analysis was
measured at PV9900-Philips energy analyzer to ana-
lyze the element content change before and after elec
trochemical cycling; the duration time is 100 s.

3 RESULTS AND DISCUSSION

The cycling life of Tip 7Zro.sVo.2Mny g- , Ni, (%
=0.4, 0.8, 1.1, 1.4, 1.7) hydrogen storage alloys
at 323 K and 353 K is shown in Fig. 1. At 353K, all
used alloys reach the maximum discharge capacities at
the first cycle without any action. At 323 K, the ac
tion is not needed for x = 0.4, and the action number
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Fig. 1 Cycling hfe of Tio,7Zl“o,5Vo,2M ni s- xNix
alloys ( Charge discharge current density: 25 mA/ g)

increases as the content of nickel in alloys increases.

At 353 K, when the x changes from 0. 4 to 0. 8
the maximum discharge capacity increases, while
when the x value changes from 0. 8 to 1. 7 it decreas
es. When x = 0. 8, the maximum capacity is 336
mAh/g, the corresponding hydride is Tig.7Zro.5Vo.2
Mni oNig.gsH» 40. At 323 K, the maximum discharge
capacity decreases with the content of nickel in al-
loys. It is 399. 1 mAh/ g for x= 0.4, the correspond-
ing hydl‘ldf‘ iS Ti0.7ZI‘0.5V0.2Mn1.4Ni0.4H2. 76- When
the environment temperature increases from 323 K to
353 K, the discharge capacity of all the used alloys
decreases except Tig. 7Zro.5Vo.2Mni oNig. g alloy.

From Fig. 1, it can be seen also that after about
10 cycles, the discharge capacity increases with the
content of nickel in alloys. This indicates that the in-
crease of the content of nickel is effective for improv-
ing the cycling stability. The increase of environmen-
tal temperature from 323 K to 353 K worsens the cy-
cling stability, for example, for x = 0. 8, after about
9 cycles the discharge capacity at 323 K decreases to
100 mAh/ g, while at 353 K only 4 cycles. Through
16 charging-discharging cycles, the discharge capacity
of all alloys decreases to be smaller than 100 mAh/ g
except the Tip 7Zro.5 Vo.o Mng 1 Nij. 7, regardless of
the temperatures.

The powder X-ray diffraction patterns are shown
in Fig. 2, and the cell parameters were listed in T able
1. The lattice parameters were calculated by the fol-
lowing equation:

2 2 2

pEE Y e e R (1
where d represents the distance between faces, hkl
are the corresponding lattice indexes, a and ¢ are the
corresponding lattice constants for C14 Laves phase.
In this paper, the diffraction values of ( 103) and
(112) faces were used to calculate a and c.

Eliiot et al'”! studied the relation between the
Average Number of Outer Electrons (ANOE) and
phase structure and found the following results: for
AB; type compounds, when A-side atom is Ti or Zr,
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I
(dy) r=1.4 .
® [ d
{c) z=1.1
’ | I I . ® TiNi ,
.

(b} -’::0-3‘ | h #The rests are C14 Laves phase.

A L I W
(8} z=0.4 ! !! .
[
20 40 60 80 100
26/()

Fig.2 XRD patterns of
Tio.7Zr0.5Vo.oMny s- «Ni, alloys

B-side atom is V, Cr, Mn, Fe, Co, Cu or Zn, when
ANOE< 5.4, no Laves phase appears for Ti and C15
Laves phase appears for Zr; when 5.4< ANOE< 7.0
the C14 Laves phase appears; when ANOE> 7.0 the
C15 Laves phase appears. The X-ray analysis shows
that, when the x value changes from 0.4 to 1. 4, the
main phase is C14 Laves phase with MgZn, type
structure and the second phase is cubic TiNi phase.
When the x is 1. 7, the main phase is C15 Laves
phase and the TiNi phase was also found. From T able
1 it can be seen that the lattice parameter a firstly in-
creases then decreases, the parameter ¢ decreases
continuously, and the cell volume firstly increases
then decreases with the x value. When the ANOE>

7.0 the C14 Laves phase disappears and C15 phase
appears, which is in agreement with the conclusion
reported by Eliiot et al.

EDAS was used to analyze the element composi-
tion change at alloy surface before electrochemical cy-
cle and after 20 cycles. The following phenomena
were found: 1) for all ascast alloy powders, the con-
tents of Mn and V element are higher than the aver
age contents in bulk, on the contrary, the content of T'i
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Table 1 X-ray diffraction parameters of Tiy 7Zro sV 2Mn; g- ,Ni,
(x=0.4, 0.8, 1.1. 1.4, 1.7) alloys

Alloy al A ol A VI A c/a Main phase Second phase =~ ANOE
Tig.7Zr0.5V0.2Mny 4Nig. 4 4.9181 8.0597 168. 828 1.6388 Cl4 TiNi 6.13
Tip.7Z10.5V0.2Mny oNig. g 4.9322 8.0348 169. 273 1.6290 Cl4 TiNi 6.50
Tio.7Z1r0.5V0.2Mno.7Ni_ 4.9247  8.0172  168.389  1.6280 C14 TiNi 6.78
Tio.7Z1r0.5V0.2Mno 4Nij 4 4.9195 8.0102 167.887  1.6283 Cl4 TiNi 7. 06
Tig.7Z10.5V0.2Mng Nij 7 No Laves phase 7.34

and Zr is lower than the average composition, and the
difference between surface content and bulk content
for Zr and Mn elements is relatively large, 2) com-
pared with the as cast alloy powders, after 20 cycles
the change tendency of element content at alloy sur-
face is listed in Table 2, the content of V element at
surface decreases and the decrease range becomes
small as the content of nickel in alloy increases, 3) af-
ter 20 cycles, the contents of Ti and Zr at surface de-
crease for x = 0. 4 and increase for x> 0. 4.

Table 2 Change tendency of element contents at
surface after 20 electrochemical cycles

Change of each element

Alloy
Ti Zr V Mn Ni

Tio.7Zro.5sVo.2Mny 4Nig.s 4 ° 1 1 1 i}
Tio.7Zro.5Vo.2Mny oNigg  t°7% 1 1 1 !
Tip.7Z10.5V0.2Mng 7Nip | T 1 ! ! i
Tig.7710.5V0.2Mng 4Nij 4 1 U 1 1 !

* Indicates the increase of this element content after 20 cy-
clings.
* *  Represents the decrease of this element content after 20

cyclings.

EDAS analysis shows the easy resolution of the
V element at alloy surface in Laves phase alloy. It is
believed that the reasons why the cycling life of alloys
is poor and why the cycling life is improved by in-
crease of the content of nickel element are as follows.

1) The V element in Laves phase alloy is easy to
resolve in strong alkaline solutions. The destruction
of Laves phase structure induces the decrease of dis-
charge capacity.

2) The formation of the oxides!® at the alloy
surface that can decrease the conductivity causes the
decrease of discharge capacity.

3) The increase of nickel content in alloy can ef-
ficiently decrease the resolution of V element. Be
sides, the increase of nickel content at alloy surface
promotes the improvement of the conductivity, and
the increase in the resistance to corrosion. As a re

sult, the discharge capacity is improved.

From the experiment results it can be seen that
when the Mn content is 1. 4% ( mole fraction), the
discharge capacity at 323 K is 399. 1 mAh/g, but its
cycling stability is very poor. Nickel replacing man-
ganese remarkably promotes the increase of the cy-
cling stability. For example, when x value is 1.7,
after 16 cycles the decay in discharge capacity is nega
tive. For Tiy 7Zro.5Vo.2Mnj g- le( x= 0. 4, 0. 8,
1.1, 1.4 and 1. 7) serial alloys, based on keeping the
Laves phase structure and its discharge capacity, the
synthetic electrochemical properties of Tig 7Zro sV o
Mng 4Nij 4 alloy is relatively good. But the cycling

stability cannot satisfy the practical application re-
quirement and needs to be further improved.
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