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The isothermal section of the phase diagram of the ternary system Y-Ni-V at 773 K was investigated by
X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersion spectroscopy (EDS)
techniques. It consists of 16 single-phase regions, 29 two-phase regions and 14 three-phase regions. At
773K, the maximum solid solubility of V in Ni, Y,Nij7, YNis, Y2Ni7, YNi3, and YNi,, is about 17, 1, 2, 2, 2
and 2 at.%, while Y in Ni, Ni3V, Ni,V, Ni, V3, NiV3 and V does not exceed 1 at.%. No ternary compound has
been observed in this work.

© 2008 Published by Elsevier B.V.

1. Introduction

Hydrogen storage alloys have attracted considerable attention
in view of its potential as an energy storage material. Among
them, vanadium and V-based alloys with body-centered cubic
(BCC) structure are promising as negative electrode materials for
nickel-metal hydride batteries and hydrogen reservoirs for fuel
cells, because of their large hydrogen storage capacity per volume,
strong resistance to pulverization during hydriding-dehydriding
cycles, high-rate of diffusion and rapid activation [1-4]. However,
vanadium and V-based alloys are not commercially used because
of having poor electro-catalytic activity.

The phase diagrams and thermodynamics are an important basis
for the study of the phase transformation of the materials perfor-
mance. This paper presents the 773 K isothermal section of the
Y-Ni-V ternary system phase diagram. The binary subsystems of
Y-Ni, Ni-V and Y-V have been widely investigated [5-10]. The
crystal structure data on Y-Ni and Ni-V binary compounds are pre-
sented in Table 1. The Y-Ni phase diagram was reported in Refs.
[5,9,10]. There are nine intermetallic compounds in the Y-Ni sys-
tem, namely: YzNi17, YNis, YNi4, YzNi7, YNi3, YNiz, YNi, YzNiz and
Y3Ni. The V-Ni binary system is taken from Refs. [6,8], and exists in
four intermetallic compounds, namely: Ni3V, Ni,V, Ni, V3 and NiVs.
Ref. [7] reported the Y-V binary phase diagram and no binary com-
pound was observed. Up to now, the phase diagram of the Y-Ni-V
ternary system has not been reported.
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2. Experimental

One hundred and twenty five samples were prepared. Each sample weighs 3 g.
The purities of yttrium, nickel, and vanadium used in this work were 99.9%, 99.95%,
and 99.9%, respectively. All samples were prepared by melting in an induction fur-
nace under high purity argon. Then, all alloys were sealed in evacuated quartz tubes
and put into an automatic controlled resistance heated furnace for homogeniza-
tion annealing. The heat treatment temperature was determined by the data based
on the previous work of Y-Ni and Ni-V binary systems. Some of the samples were
homogenized at 1125K for 18 days and then cooled to 773 K for 12 days. The others
were kept at 773 K for a month. Finally, all alloys were quenched into an ice-water
mixture.

The samples were powdered and investigated by X-ray diffraction which was
carried out on a Rigaku D/Max 2500PC X-ray diffractometer using JADE5 software
[11]. The diffraction angles ranged from 26 =20° to 70° at a voltage of 40kV and a
current of 250 mA. Some samples metallo graphy were analyzed by an S-570 scan-
ning electron microscope (SEM) or by differential thermal analysis (DTA). From all
these results, the phase relations in the Y-Ni-V ternary system were determined.

3. Results and discussion
3.1. Binary system

From the analysis of the X-ray diffraction (XRD) patterns of the
samples in the Y-Ni-V ternary system in our work at 773 K, we have
confirmed the existence of 13 binary compounds in our work. In the
Y-Ni system, there are nine binary compounds: Y, Niy7, YNis, YNig,
Y, Ni7, YNis, YNiy, YNi, Y3Ni; and Y3Ni at 773 K. In the Y-Ni system,
there are four binary compounds: NisV, Ni,V, Ni,V3 and NiVj at
773 K. No binary compound was found in the Y-V system at 773 K
in our work. All the results obtained concerning phase existence
and compositions are in perfect agreement with the binary phase
diagram reported by Refs. [5-7].
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Table 1
The data on the crystal structures of the compounds of the Y-Ni-V system
Phase Structure type Space group Lattice parameters (nm) Reference
a b c
NisV Al3Ti I4/mmm 0.35424 - 0.72131 [6,8]
NiV MoPt, Immm 0.2559 0.7641 0.3549 [6,8]
Niy V3 oCrFe P4, [mnm 8.966 - 4.641 [6,8]
NiV3 Cr3Si Pm3n 0.4710 = = [6.8]
Y, Niqy ThyNiqy P63 /mmc 0.8314 - 0.8042 [9,10]
YNis CaCus P6/mmm 0.4883(1) - 0.3967(1) [9,10]
YNig - - 0.4898 - 4.993 [9,10]
Y2Niy Ce,Niy P63 /mmc 0.4928(5) - 2.411(1) [9,10]
YNi; BesNb R3m 0.49779(4) - 2.449(3) [9,10]
YNi, Cu; Mg Fd3m 0.7181(1) - - [9,10]
YNi FeB Pnma 0.7156(3) 0.4124(1) 0.5515(2) [9,10]
Y3Ni; Niy Y3 P41242 0.7104 - 3.6597 [9,10]
Y5Ni CFes Pnma 0.692 0.949 0.636 [9,10]
3.2. Solid solubility Table 2

The solid solubilities were determined by means of X-ray
diffraction (XRD), scanning electron microscopy (SEM) and energy
dispersion spectroscopy (EDS) techniques. At 773K, we have
observed that the maximum solid solubility of V in Ni, Y, Niy7, YNis,
Y, Ni7, YNis, and YNiy, is about 17, 1, 2, 2, 2 and 2 at.%, respectively.
The maximum solid solubility of Y in Ni, Ni3V, Ni,V, Ni,V3, NiV3
and V as observed does not exceed 1 at.% Y.

3.3. Isothermal section (773 K)

By comparing and analyzing the XRD patterns of 125 samples
and by identifying the phasesin each sample, the isothermal section
of the phase diagram of Y-Ni-V ternary system at 773 K was deter-
mined, as shown in Fig. 1. The three-phase region Ni, Y + NiY + Ni, V3
is (no. 9) of particular interest. The XRD pattern of the alloy
Y23NisgVo7 which falls in this region and corresponding three-
phase equilibrium is illustrated by means of Fig. 2. It consists of
16 single-phase regions, 29 two-phase regions, and 14 three-phase
regions. No ternary compound was observed in the 773 K isother-
mal section.
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Fig. 1. The 773 K isothermal section of the Y-Ni-V ternary system phase diagram.

Three-phase regions and phase relation in Y-Ni-V ternary system at 773 K

Phase region Phase composition

1 Ni+Y;Nig; +NizV
2 Y, Niq7 + YNis +NisV
3 YNis +YNig + NisV
4 YNig +Y,Ni; +NizV
5 Y;,Ni; +YNis +NisV
6 YNis3 +Ni3V+NiyV
7 YNis3 +NipV+Niy V3
8 YNis +YNi, +Nip V3
9 YNi; +YNi+Ni, V3

10 YNi +Ni, V3 +NiV3

1 YNi+NiV3 +V

12 YNi+Y3Nip +V

13 Y3Niy +Y3Ni+V

14 Y3Ni+Y+V

The 16 single-phase regions are: o (Ni), B (Ni3V), v (NiyV),
S (NiyV3), & (NiV3), £ (V), m (Y), 6 (Y3Ni), v (Y3Niy), k (YNi), A
(YNiz), 39 (YN13 ), v (Y2N17), g (YNi4), l!} (YNi5), w (YzNi17). The 29
two-phase regions are: a+@3, B+vy, y+9, d+¢, €+, {+m, n+6,
O+, LHK, KN, N+, wtv, v+E E+, Y+, ato, Bro, B+,
B+E B+, B+, Y+, 8+, 3+N, d+K, e+K, {+K, {+1, {+6. The
14 three-phase regions are: a+B+w, B+o+{, B+l+§& B+E+v,
B+v+m, B+y+pm, y++d, d+m+\, d+A+K, d+K+g, e+K+{,

o
o NixY
o NiY
A NizV3
=

70
2-theta

Fig. 2. X-ray diffraction (XRD) pattern of alloy (Y,3NisoV>7) situated in the three-
phase region no. 9.
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{+k+1, {+u+0, {+6+m. Details of the 14 three-phase regions are
given in Table 2.
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