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Abstract

The effects of substituted Zr by Ti on phase composition, microstructure and electrochemical performances o iiMnge@p 1 Ni 3
alloy have been investigated. The XRD results show that the main phase of theMrgsV,1Ni; 3 alloy consists of C15 Laves phase,
coexisting with a little C14 Laves phase and second phagei Zr With increasing Ti content, abundance of C15 Laves phase and second
phase ZfNi;o decreases and that of C14 Laves phase increases, and the cell volume of both C15 and C14 Laves phase decreases gradually
From SEM results, the microstructures of thg Zmi Cro4Mng,2Vo1Nips (x = 0.1-0.2) alloys are found to be dendrite. Whegs= 0.3,
the dendrite of the alloy disappears. The g1 Crp4Mng Vo 1Niy 3 alloy exhibits maximum discharge capacity 354 mAh/g and high rate
discharge ability. However, it is also found that the Ti substitution for Zr decreases activation properties of the alloys. It is believed that the
increase in capacity and high rate discharge capability ascribes to the increase of the amount of C14 Laves phase and the decrease of hydrid
formation heat.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction found that the discharge capacity ofiZ¢Ti,(NiVMnCo),
alloys has the maximum value with increasing Ti content. In
Zr-based AB Laves phase alloy can be used as the active the Ti additive alloys the HRD had been improved and the
material for the negative electrode in the Ni/MH secondary cycle life was deteriorated with Ti content. With Zr substi-
battery due to its higher theoretical charging—discharging ca- tuted by Ti in Zr-based ABalloys, the discharge capacity of
pacity and good cycling durability. However, there are some alloys can be improved because the atomic weight of Tiis less
problems still remained, e.g. poor activate process and highthan that of Zr. Meanwhile, decreasing the stability of alloy
rate dischargeability (HRD), which need to be improved for hydride with substitution of Zr by Ti also results in the in-
electric vehicle commercial application. Itis well known that crease of the dynamic of hydrogen desorption. Both factors
multi-component substitution in alloys is an effective method are positive effect on the discharge capacity of the alloys.
to improve the electrochemical properties of hydrogen stor- On the other hand, the volume of hydrogen storage inter-
age alloyg1-3]. For the Zr-based Apalloys, some effects of  stitial site can be contracted because the radius of Ti atom
the substitution of Ti for Zr on electrochemical performances is smaller than that of Zr atom; the absorption/desorption
are still controversial for the different systems. Su gfdlre- plateau can be consequently raised and the capacity may be
ported thatthe Tisubstitution for Zr(NiVMnCrhasnoeffect ~ decreased. The electrochemical performances of the alloys
on the microstructure and the activation process, but can im-may be closely related to the above factors. So it is impor-
prove their discharge capacity and cycle life. Jisang ¢bhl.  tant to determine the substituted amounts of Zr element with
Ti element in a specific alloy system and to clarify the ef-
fect of substitution Ti for Zr on the surface properties of the
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In our previous work, the Zr@uMng2Vo.1Ni1 3 alloy 2t TiCr MV Ni C15

from Zr—Cr—Ni systenf6] had been developed, which exhib- X xToaT02 10 TS o C14
Zr Ni

7 710

% ©

ited good cycle stability and better discharge capd@ityBut

its HRD was still very poor. In the present study, we attempt
the substitution of Zr with Ti to reduce the hydride stability
and increase the C14 Laves phase content, which may im-
prove the HRD of the alloy, and to investigate the effects of
substituted amounts of Ti for Zr on the phase composition,
microstructure and electrochemical performances.

Intensity (a.u.)

2. Experimental details

30

The alloys were synthesized from pure element 99.9% (ex-
cept Mn 99.7%) by arc melting in an argon atmosphere. To
ensure homogeneity, these alloys were remelted four times
and mechanically pulverized in air to 275 mesh. Phase iden-c15 | qves phase decreases, that of (103) and (201) peaks
tifications were performed using a D/max-3A diffractometer ¢ tha c14 Laves phase increases gradually, and that of
with Co Ko radiation. a piece of ingot was polished, and ¢ 7 Nj; (decreases and disappears at 0.3. The results
then etched with a solution of 80ml GBHOH +10ml g0y that high Ti content avails to the stability of C14 Laves
HCI 4+ 10 ml HF. The morphology was observed by Philips phase and restrain the second phasé\Zp.

XL-30 scanning electron microscopy (SEM). _ Table 1lists the lattice parameters and cell volume of the
The hydride electrodes were prepared by cold pressing thlel_xTixCro.thnono,lNi1,3 alloys. With increasing Ti con-

mixtures of alloy powders with powdered electrolytic COPper oy “the |attice parameters and cell volume of both C15 and
(200 mesh) inthe weight ratiq ofl:2to form.porous 10 mmdi- C14 Laves phase of the alloys reduce witk: 0.3. This is
ameter pellets. Electrochemical charge—discharge tests wereyihted to the smaller atomic radius of Ti than that of Zr. It
carried out in a standard open tri-electrode cell, in which the ;¢ worthy noting that there is a critical substitution= 0.3),
counter electrode was Nickel hydroxide, the reference elec- the cell volume of C15 Laves phase of the alloy does not con-
trode was Hg/HgO/6 M KOH, and the electrolyte was 6 M act put that of C14 Laves phase of the alloy only contracts.

KOH solution. A detail description of electrochemical mea- | indicates that Ti atom mainly enter C14 Laves phase with
surements was given in Rf]. The rate dischargeability was high Ti content alloy ak = 0.3.

defined as HRP = (C,/Cso) x 100%, where ¢ is the dis- Fig. 2 shows the microstructures of the alloys
charge capacity undgr current densitiesn@/g) and Gg is Zr1_,Ti,Cro4Mng 2Vo1Ni1 3 (x = 0.0-0.3). It can be seen
the discharge capacity at current 50 mA/g. that the microstructures of the Z§4Mng 2V 1Ni1 3 alloy
are dendrites and there are some microcracks in the alloy sur-
face. With increasing Ti content & 0.1, 0.2), there is little

Fig. 1. X-ray diffraction patterns of alloys Zr, Ti,Cro 4Mng 2V 1Ni1 3.

3. Results and discussion effect on the dendrite, but the microcracks decrease gradually.
Whenx = 0.3, the surfacex = 0, 0) of the alloy turns to be
3.1. Phase composition and microstructure porous. It may indicate that the active property of surface of

alloys decreases with increasing Ti content.
Fig. 1 shows the X-ray diffraction patterns of the
Zr1,Ti,Crp4Mng 2V 1Ni1 3 (x = 0.0-0.3) alloys. Iltcanbe  3.2. Electrochemical performance
seen that the main phase of the alloy Zy@Wng 2Vo 1Ni1 3
consists of C15 Laves phase, coexisting with a little C14  The discharge capacity and activation process of
Laves phase and second phaseNttg. With increasing Ti alloys are shown inFig. 3. Among the alloys, the
content, abundance of the (222) and (333) peaks of theZrggTig.1Crp.4Mng2Vo1Nipszalloy has the maximum

Table 1
Lattice parameters and cell volume of thg ZTi,Crp4Mng 2V 1Ni1 3 alloys
Sample C15 Cl4

a (nm) V (nm?) a (nm) ¢ (nm) V (nm?)
ZrCro.4Mng2Vo.1Ni1 3 0.7053 0.3509 0.5002 0.8186 0.1774
Zro.9Tig1Cro4Mng 2V 1Nip 3 0.7034 0.3480 0.4997 0.8152 0.1763
Zro.gTio2Cro.4Mng2Vo.1Niy 3 0.7008 0.3442 0.4978 0.8108 0.1740

Zro.7Ti0.3Crg.4Mng2Vo.1Ni1 3 0.7009 0.3443 0.4955 0.8118 0.1726




J. Sun et al. / Journal of Alloys and Compounds 404—406 (2005) 687-690 689

Fig. 2. SEM micrographs of the alloys #r, Ti,Crp4Mnp 2V 1Ni13: (@) x = 0.0, (b)x = 0.1, (c)x = 0.2, and (dx = 0.3.

discharge capacity 354 mAh/g, which is higher about 11% It indicates that the surface activation properties of the alloys
than the Ti-free alloy. However, the discharge capacities of decrease with increasing Ti content. It may be the main
those alloys decease sharply with the Ti content increasingreason to prolong the activate process of alloys.

further. Whenx = 0.1, the increase of the content of C14 The HRD of ZrCp4Mnp2Vo1Niiz and ZpgTig1
Laves phase results in the increase of the dynamic of hydro-Crg 4Mng 2V 1Ni1 3 alloys are shown irFig. 4 The dis-
gendesorption of alloys, so the discharge capacity of the alloy charge capacities of both of alloys decrease as the dis-
can be improved. Withincreasing, the volume of the hydro-  charge current increases after totally activated. The kgD
gen storage interstitial site in the alloys contracts, and secondof ZrCrg 4Mng 2V 1Ni1 3 is very poor, and it only preserves
phase ZyNijg decrease and disappears, which possesses ambout 24%.

important catalysis on the electrochemical propef#sso For the Zp gTip1Cro.4Mng2Vo.1Nip 3 alloy, the HRB g

the discharge capacities of alloys decrease sharply. In addi-can be preserved about 42%, but HRg®and HRD 5o are
tion, the activation of the alloys decreases with increasing kept more than 80%. It is well known that the HRD of the
the Ti content. From above SEM results, the microcracks on electrode alloy is mainly related to properties of bulk and
the surface of the alloys decrease with increasing Ti content.surface of the alloy. In above XRD results, the content of
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Fig. 3. Initial discharge capacity of the alloys,Z, Ti, Crp 4Mng2Vo.1Ni1 3.
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Fig. 4. The high rate dischargeability of the alloys1ZTi,Crg4

Mng2Vo.1Niy 3.
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400 4. Conclusions
[}

S { "':;\\;\0\.\.\ The ZrCip.4Mng2Vo.1Ni1 3 alloy consists of C15 Laves
< 300+ D/TIDD \D\D\D\; phase, coexisting with a little C14 Laves phase and second
= I phase ZyNijg. With increasing Ti content, abundances of
‘?@ C15 Laves phase and second phasg\z decreases and
§ 27 that of C14 Laves phase increases, and the cell volume of
g —o— Zr(Cry ,Mn,,V Ni, ) both C15 and C14 Laves phase decreases gradually. The
g 100_[1. —e— Zry oTig ;Cry JMny .V ;Ni 5 microstructures of the alloy ZLxTixCro,L_;Mno_.zvo_lNill_g_
2 for x = 0.1-0.2 are found to be dendrite. Ti substitution
e / (x =0.1) for Zr in the alloys improves the discharge ca-

o - pacity and rate dischargeability. When- 0.1, both activa-

0 50 100 150 200 250 300 tion and discharge capacity of £r, Ti,Crg.4Mng2Vo.1Ni1 3

Cycle (N) (x = 0.1-0.3) alloys decrease. All of the alloys have good

cycle durability.
Fig. 5. The cycle life of the alloys 4, Ti,Cryp.4Mng2Vo.1Niq 3.

C14 Laves phase increases due to addition of Ti. The Cl4peferences

Laves phase has better electrochemical dynamic properties,

so the increase of the C14 improves the.d|schargeab|llty of [1] Y.L. Du, X.G. Yang, Q.A. Zhang, et al., Int. J. Hydrogen Energy 26
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13% and 14% capacity degradation after 300 cycles, respec- 2013.
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