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The isothermal section of the Y-Co-V system at 500 °C has been investigated by X-ray diffraction, scanning
electron microscopy and energy dispersive X-ray spectroscopy. Only one ternary compound YV,Co12_
with a homogeneity range of 1.30 <x <3.64 was found in this system. The maximum solid solubilities
of Vin Y;Co17, Y2Co7, YCos, YCo; and Ys;Co are about 10.0, 1.0, 3.0, 4.0 and 4.0 at.% V, respectively. The
compounds VCo and VCos have a homogeneity range of 46-66 at.% V and 22-30 at.% V, respectively. The
maximum solid solubility of Y in VCo is about 2.0 at.% Y.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In the past decades the search for novel permanent magnet
materials with the addition of a third element to the R-Co system
(where R is the rare earth) has led to the discovery of the ternary
compounds, such as R(Co, M);, (type 1:12) and R3(Co, M),g (type
3:29) (where Mis Ti, V, Cr, Mn, Nb, Mo, etc.), which show outstand-
ing magnetic properties. Phase relationships and solubility limits
of the compounds in the R-Co-M ternary systems are valuable for
material development and thus have attracted research interest
[1-3]. For the R-Co-V systems, the phase diagrams for R=Er at
600°C[1], Gd [2] and Dy [3] at 500 °C have been reported, respec-
tively. In this paper the isothermal section of the Y-Co-V system at
500°C is presented.

The binary phase diagram of the Y-Co system was firstly inves-
tigated by Pelleg and Carlson [4] and Strnat et al. [5], and then
by Buschow [6] and Ray [7]. The existence of nine intermetal-
lic compounds, i.e. Y3Co, Y3Co,, YCo, Y;Cos, YCoy, YCo3, YC0y4,
YCos and Y,Coq7 in the Y-Co system was reported by Pelleg and
Carlson [4]. Strnat et al. [5] proposed that the phase YCos was
actually Y,Co7 and later the phase Y,Co; was generally accepted
by the researchers [6,7]. The partial phase diagram of this system
was studied by Khan [8] for 66-100at.% Co and Grover et al. [9]
for 25-50at.% Co. Recently, the Y-Co system was reinvestigated
by Wu et al. [10], and the existence of 12 compounds, namely
Y3CO, Y8C05, Y3C02, Y9C07, YCo, Y5C07, Y2C03, YCOz, YC03, Y2C07,
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YCos and Y,Coq7 was confirmed. The compound YgCo7 was mod-
ified to be Y4Co3 by Okamoto [11] based on the crystallographic
data determined by Berthet-Colominas et al. [12]. Thermodynamic
assessment of the Y-Co system was recently reported by Du et al.
[13] and the stoichiometries of Y4Co3 and YgCo7 were accepted. The
phase diagram of the V-Co system was reported with three inter-
metallic compounds, i.e. VCos, VCo and V3Co [14-16]. No binary
compound is formed inthe Y-V system [17]. One ternary compound
YV,Coqg with tetragonal ThMny,-type structure was reported [18]
and the magnetic properties of the solid solution YVxCo15_, was
studied [19]. Crystallographic data for the phases in the Y-Co-V
system are listed in Table 1.

2. Experimental

Co(99.9wt.%),Y(99.9 wt.%)and V (99.9 wt.%) were used as the starting materials.
Alloy samples of 2 g each were prepared by arc melting the constituent elements
under high purity argon atmosphere on a water-cooled copper hearth. Each sample
button was turned over and re-melted several times to ensure homogeneity. The
weight loss during arc melting was less than 1wt.%. The Samples in the Co-rich
corner (>66.7 at.%Co) were annealed in an evacuated quartz tube at 800°C for 30
days, and subsequently cooled to 500°C and kept for 10-40 days. The other alloys
were annealed in an evacuated quartz tub at 600 °C or 500 °C for 40-67 days. All the
alloy samples were then quenched in liquid nitrogen.

Powder X-ray diffraction (XRD) data were collected at room temperature on
a Rigaku D/Max 2500V diffractometer with CuKa and graphite monochromator
operated at 40kV, 200 mA. The experimental XRD patterns were analyzed using
JADES software [20] by comparing them with the powder diffraction files and the
calculated ones obtained by using the PowderCell program [21]. Microstructures
of selected samples were examined by scanning electron microscope (SEM) using
backscatter electron (BSE) imaging after standard metallographic preparation. SEM
investigation was carried out using Hitachi S-3400N SEM equipped with energy
dispersive X-ray spectroscopy (EDS) for phase identification and composition deter-
mination.
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3. Results and discussion

By analyzing the XRD patterns of all the alloy samples and based
on the results of SEM/EDS, the existence of 12 binary compounds in
the Y-Co system, i.e. Y3Co, YgCos, Y3Co5, Y4Co3, YCo, YgCo7, Y5Co3,
YCo», YCos, Y>Co7, YCos and Y,Co17, and three binary compounds
in the V-Co system, i.e. VCos, VCo and V3Co was confirmed. Our
results showed that the compounds Y,Coq7 and YCos are rhom-
bohedral ThyZn;7-type and rhombohedral BesNb-type structures,
respectively, which are in agreement with the results of Wu et
al. [10]. No crystallographic data for the compounds Y,Cos and
YsCo7 were found in literature. Pelleg and Carison [4] reported that
the compound Y,Co3z was cubic. However, Wu et al. [10] consid-
ered that the phase of Y,Cos was not cubic, though they did not
solve its crystal structure. We have determined the structure of the
compound Y,Cos in our previous work on phase diagram study
of the Y-Co-Nb system. Y,Cos crystallizes in the orthorhombic
La;Ni3-type structure (space group Cmca) with lattice parame-
ters a=0.5316(2)nm, b=0.9472(4)nm and c=0.7083(3)nm [22].
The calculated diffraction pattern of Y,Cos based on this struc-
ture matches well with the observed diffraction pattern of relevant
alloys. About the phase of YgCog7, its crystal structure is yet to be
established. However some of its main reflections have been figured
outin this work. Fig. 1 shows the XRD pattern of the alloy with nom-
inal YgCo7 composition (Alloy #2 in Fig. 2). XRD analysis indicated
that it has some unidentified reflection peaks except for the phases
of YCo, and Y,Cos. The unidentified reflection peaks were consid-
ered to be corresponding to the YgCo7 phase. The 2-theta positions
are marked in Fig. 1, they are 30.92,31.26,34.12,34.92,36.32,41.84,
44,04,44.80 (°26). Both or either one of the YgCos and Y3Co; phases
were observed in alloy samples which have been annealed at 600 °C
or 500°C. Some of these samples were re-annealed at about 730°C
for 7 days and then kept at 500°C for 5 days before XRD exper-
iments. XRD analysis of these samples revealed the disappearing
of the YgCos phase and the enhancement or the presence of the
Y3Co; phase. This indicates that the Y3Co, phase is a metastable
phase existing in the as-cast alloys and in alloys annealed at or
above 600°C.

Ternary compound YV,Cojg with tetragonal ThMnj,-type
structure was confirmed to exist in the Y-Co-V system, no other
ternary compound was found. The compound YV,Coqg exhibits a
linear homogeneity range along the line of 7.7 at.% Y. To determine
the solubility range of YVxCo1,_y, we prepared alloy samples along
the iso-concentration line of 7.7 at.% Y with the concentration of V
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Fig. 1. XRD pattern of the alloy with nominal YsCo; composition (Alloy #2 in Fig. 2)
annealed at 600°C for 50 days and then at 500°C for 15 days. Peaks attributed to
Y, Cos, YCo, and Y,05 are identified.
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Fig. 2. Isothermal section of the Y-Co-V ternary system at 500 °C.

Table 1
Crystallographic data for the compounds in the Y-Co-V system.
Phase Space group Structure type Lattice parameters (nm) B(o) Ref.
a b c

Y,Co17 P65 /mmm Th,Niq7 0.8355 0.8128 18]
Y2C017 R-3m Thzznn 0.8356 1.220 18]
YCos P6/mmm CaCus 0.4951 0.3975 18]
Y,Coy; R-3m Er,Co7 0.5000 3.615 18]
YCos R-3m BesNb 0.5020(5) 2.440(3) 18]
YCos P63 /mmc CeNis 0.5015 1.628 [18]
YCo; Fd-3m Cu,Mg 0.7218 118]
Y,Cos Cmca La,Nis 0.5316(2) 0.9472(4) 0.7083(3) 122]
Y.sCo-7 Unknown

YCo Cmcm BCr 0.4106(1) 1.0358(5) 0.3906(1) 118]
Y4Cos P65/m Ho4Cos 1.1528(5) 0.4051(2) 18]
Y;3Co> Pnnm Y;5Co> 1.2248(5) 0.9389(6) 0.3975(3) 18]
YsCos P2y/c YsCos 0.7058(2) 0.7286(2) 2.4277(8) 102.11 18]
Y;Co Pnma CFes 0.7052 0.9450 0.6338 18]
VCos P-6m2 VCos 0.5032 1.227 18]
VCo P4, /mnm CaCus 8.800 4.552 (18]
V3;Co Pm-3n Cr3Si 0.4676 118]
YV,Coio 14/mmm ThMny, 0.83566 0.46975 [18]
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Fig. 3. XRD pattern of alloy Y57V31Co12 (Alloy #1 in Fig. 2) annealed at 500 °C for
62 days: three-phase region of Y +Y3Co +V. Peaks attributed to Y and V are marked,
all the other peaks are attributed to Y3Co.

varying from 6 to 36 at.% based on the reported homogeneity range
of phase RVxCoq,_x for R=Y [19], Er [1], Gd [2] and Dy [3]. In this
work the homogeneity of compound YVxCoi,_y was found to be
1.30<x<3.64,i.e.10-28at.% V.

By analyzing the XRD patterns of the samples and identify-
ing the phases in each sample, together with SEM/EDS results for
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Fig.4. XRD pattern (a) and microstructure (b) of Y12.5V11Co076.5 (Alloy #3 in Fig. 2)
annealed at 800 °C for 30 days and then at 500 °C for 13 days. The dark grey phase
is YVCo12_y, the light grey phase is YCos, and the matrix phase is Y,Coq7.
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Fig. 5. XRD pattern of alloy Y16V30Co54 (Alloy #4 in Fig. 2) annealed at 500 °C for
67 days: three-phase region of YV4Coj,_x +YCo, +VCo.

selected samples, we constructed the isothermal section of the
ternary Y-Co-V system at 500 °C (Fig. 2), The XRD pattern for alloy
Y57V31Co12 (Alloy #1 in Fig. 2) in the Y-rich corner is presented
in Fig. 3. XRD analysis of this alloy indicated that it is located in
the three-phase region of Y3Co, V and Y. To fully determine the
three-phase region of (YVxCo13_x + Y2C017 + YCo03), SEM/EDS inves-
tigation was also carried out. Fig. 4 presents the XRD pattern and
the BSE image of alloy Y12.5V11C076.5 (measured composition
Y13.2V11.1C075.7) (Alloy #3 in Fig. 2). Both results of phase iden-
tification and composition determination by XRD and SEM/EDS
have indicated that alloy Y12.5V11C076.5 contains three phase, the
dark grey phase with measured composition of Y9.1V15.6C075.3
is YVxCoq3_x, the matrix phase with measured composition of
Y11.6V10.0Co78.4 is Y,Coq7 and the light grey phase with mea-
sured composition of Y25.0V1.2C073.8 is YCos. The homogeneity
ranges of some binary compounds were determined by using the
phase-disappearing method on the analysis of XRD patterns. The
maximum solid solubilities of V in the compounds Y,Co47, Y,Co7,
YCos, YCo; and Y3Co are about 10, 1.0, 3.0,4.0 and 4.0 at.% V, respec-
tively. The compounds VCos and VCo have a narrow homogeneity
range of 22-30 and 46-66 at.% V, respectively. The maximum solu-
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Fig. 6. XRD pattern of alloy Y4V40Co056 (Alloy #5 in Fig. 2) annealed at 800 °C for
30 days and then at 500 °C for 13 days: two-phase region of YV,Co1,_x +VCo.
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bility of Y in VCo is 2.0 at.%. No noticeable solubility was found for
other compounds.

The isothermal sections of the R-Co-V systems for R=Gd
at 500°C [2], R=Dy at 500°C [3] and R=Er at 600°C [1] have
been studied, and a large two-phase region of (RCo, +VCo) were
reported to exist in these systems. However in our work no such
a two-phase region was observed, instead a two-phase region
of (YVxCoq,_x+VCo) was found. Fig. 5 presents the XRD pattern
of the alloy Y16V30Co054 (Alloy #4 in Fig. 2). XRD analysis indi-
cated that the alloy Y16V30Co054 contains three phase YVyxC015_y,
YCo, and VCo. In addition, the XRD pattern of alloy Y4V40Co56
(Alloy #5 in Fig. 2) contains only two phases of YVxCoiz_y
and VCo (Fig. 6). Based the XRD results of the alloys prepared
around these regions, the phase boundaries of the three-phase
region of (YVxCoq,_x+YCo, +VCo) and the two-phase region of
(YVxCo12_x +VCo) were determined.

4. Conclusions

The isothermal section of the Y-Co-V system at 500°C has
been determined by means of XRD and SEM/EDS techniques. Only
one ternary compound YV,Co1,_, was found in this system and it
exhibits a linear homogeneity range for 1.30 <x < 3.64. The exis-
tence of 15 binary compounds, i.e. Y3Co, YgCos, Y4Co3, Y3Co5, YCo,
Y, (:03Y Y6C07. YCOz, YC03, Y2CO7, YCO5, Y2C017. VCO3. VCo and V3 Co
was confirmed. The maximum solid solubilities of V substitution for
Co in the compounds Y,Co17, Y2Co7, YCos, YCo, and Y3Co are about
10, 1.0, 3.0, 4.0 and 4.0 at.%, respectively. The compounds VCo3 and
VCo have a narrow homogeneity range of 22-30 and 46-66 at.% V,
respectively. The maximum solubility of Y in VCo phase is about
2.0at.%.
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