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The isothermal section of the phase diagram of the Co-Er-Y ternary system at 500 °C was investigated
by X-ray powder diffraction technique, differential thermal analysis, scanning electron microscopy with
energy dispersive analysis and optical microscopy. The 500 °C isothermal section consists of 14 single-
phase regions, 19 two-phase regions, and 6 three-phase regions. Six pairs of corresponding compounds

Er,Coq7 and Y,Coq7, Er,Co; and Y,Co7, ErCos and YCos, ErCo, and YCo,, ErsCos and Y4Cos, Er;Co and
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Y5;Co and metals Y and Er form a continuous series of solid solutions. The maximum solid solubility of Y
in the compounds Er;;Co7 is about 19at.% Y.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

R-Co (R=rare earth elements) compounds have been received
a lot of attention because some intermetallic compounds in the
R-Co systems show outstanding permanent magnetic properties.
For instance, RCos and R;Coq7 are permanent magnetic materi-
als. Investigations on the binary systems of Co-Er, Co-Y and Er-Y
have been found in literature [1-5]. It was reported that there are
eight intermetallic compounds existing in the Co-Er system, i.e.,
Er,Coq7, ErCos, ErpCoy, ErCos, ErCo,, EryCos, Erj3Co7, and Er;Co
[2]. There are 12 binary compounds reported in the Y-Co binary
system, i.e., YoCo17, YCos, Y2Co7, YCos, YCo,, Y2Cos, YgCo7, YCo,
Y4Cos, Y3Co;, YgCos and Y3Co [1]. However, the reports on some
Co-Y compounds, i.e., YCos, Y>Co3, YgCo7, Y4Co3, Y3C0; and YgCos
were inconsistent in previous investigations [1,3-9]. Buschow [6,7]
pointed out that the compounds YCos and ErCos decomposed by
eutectoid reaction RCos <> RyCoq7 +RyCo7 at 750°C and 1200°C,
respectively. However, Ray [8] reported that it is uncertain whether
eutectoid reaction would have really occurred in the RCos phases
at low temperature for Y and other light rare-earth elements (La
to Gd). The compound Y4Cos was described to be YgCo7 in Ref. [9],
and instead of Y4Co3, YgCo7 was reported to exist in Ref. [3]. Grover
etal.[9] indicated that the phase Y3Co; broke down rapidly to yield
the Y9Co; phase after any annealing. Nevertheless, Wu et al. [3]
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stated that the Y3Co, phase did not decomposed when annealed at
550°Cand 650°Cfor 1 h but decomposed to YgCos and YgCo7 when
annealed at 700°C for the same time. Some investigations on the
Co-R(1)-R(2) systems are reported in literature [ 10-14]. However,
no investigation on the phase diagram of the Co-Er-Y ternary sys-
tem is available in literature. The purpose of this work is to study
systematically the phase relations of the Co-Er-Y ternary system
at 500°C.

2. Experimental

Samples with 2 g each were prepared by arc-melting of initial materials of at
least of 99.9 wt.% purity under high-purity argon atmosphere. The samples were
turned over and remelted three times to ensure good homogeneity. The weight loss
is less than 0.5% for all alloy buttons. The as-cast samples were sealed in vacuum
quartz tubes and annealed for homogenization treatment. The homogenization tem-
peratures were chosen on the basis of the binary phase diagrams of the Er-Co, Y-Co
and Er-Y systems and the result of differential thermal analysis (DTA) of some typ-
ical ternary alloys. The samples with Co concentration larger than 66.7 at.% were
vacuum annealed at 900 °C for 30 days, the others were at 600°C for 40 days. The
samples were cooled down to 500 °C at a rate of 50°C/day and kept at 500°C for 7
days, and finally quenched into liquid nitrogen. For the electron probe microanal-
ysis and metallographic analysis of the samples, standard techniques were used.
The metallographic samples were etched by a solution with a ratio of 1THF:3HNOs:
500H,0.

The X-ray diffraction data were collected on a Rigaku D/Max 2500PC
diffractometer with CuK, radiation and graphite monochromator operated
at 40kV, 200mA. Phase analysis of the samples was performed by using
computer software JADE5.0 [15] applied to the JCPDS-ICDD Powder Diffrac-
tion File (PDF) database (ICDD, 2002 release). Differential thermal analysis
(DTA) was performed on a Netzsch STA 409PC thermal analysis meter. Scan-
ning electron microscopy (SEM, Hitachi S-3400N) with energy dispersive
analysis (EDS, EDAX) and optical microscopy were used for microstructural
analysis.
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3. Results and discussion
3.1. Phase analysis

In the Er-Co and Y-Co systems, all the binary compounds have
been confirmed to exist at 500°C except ErCos and YCos. The X-
ray diffraction patterns of these compounds basically corresponded
with the respective PDF data or the diffraction patterns calculated
from the crystallographic data available in literature by using the
PowderCell program.

Samples with composition near ErCos and YCos were prepared.
The binary compounds ErCos and YCos were not observed at 500 °C
under our experimental conditions. This is in good agreement with
Refs. [2,6,7]. The samples with compositions near the composition
line Y;_xErxCos consisted of the only two phases of Er,_,YxCo17 and
Ery_»YxCo7. Fig. 1 presents the XRD pattern of the sample no. B12
(CoggEr3Yy7) indicating that the sample consisted of Ery_,YxCo7
and Er,_,YxCoq7. This indicated that the phase Y;_yEryCos decom-
posed into Er,_,YxCo17 and Er,_,YxCo7 under this heat treatment
condition. XRD pattern of the non-equilibrated sample no. 61
(Cogs3.3Er1Y15.7) consisting of the phases of YCos and Y,Coq7 shows
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Fig. 1. XRD patterns of the sample no. B12 (CogoEr3Y;7) consisting of the phases of
Ery_xYxCoy7 and Ery_,YxCo7.

clearly the existence of the phase YCos in the sample, as shown
in Fig. 2 (the sample contained small amount of Y503 and Er,03).
The DTA measurement also supports the decomposition reaction
(YCos <> Y2Co17 +Y2Co7) occurred near 805 °C. This decomposition
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Fig. 2. XRD pattern of the non-equilibrated sample no. 61 (Coss 3Er; Y157) consisting of the phases of YCos and Y,Co;5.
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Fig. 3. XRD pattern of the sample no. 35 (Co40Yeo) consisting of the phases of Y4Cos and Y3Co,.
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Fig. 4. XRD pattern of the sample (Co42.9Er3pY27.1) consists of the single phase of Ery_»YxCos (the sample contained small amount of Y,03).
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Fig. 5. The isothermal section of the Co-Er-Y ternary system at 500°C.

temperature is between the previous measured values (750°C in
Buschow [16] and 830°C in Wu et al. [3]). The thermal stability of
Y1_xErxCos is discussed in another paper.

In order to verify the existence of the compound Y3Co, at 500 °C,
three samples with the compositions near Y3Co, were prepared.
Fig. 3 presents the XRD pattern of the sample no. 35 (Co4Ygp) indi-
cating that the sample contained the phases of Y4Cos and Y3;Co,
(the sample contained a little amount of Y,03). The result means

Table 1
Details of typical alloy compositions and phase components in three-phase regions.

Phase regions Phase components Alloy compositions

1 Y, Cos +YgCo7 +ErCo, No. B44 (C055 ErsYa )
No. B27 (COsoErsYgs)
2 YsCo7 +YCo +ErCo, No. B71 (Cos3Er,Yas)
No. B42 (CossErsYao)
3 YCo+ Er4,xYXC03 No. B24 (C050E1'4Y46)
(x=0.49)+ErCo, No. 65 (CospErioYao)
4 Eri2_xYxCo7 No. 55 (CO40E1’10Y50)
(x=3.6)+Ers_xYxCos No. B72 (Co41ErsYss)
(x=0.42)+Y5Co, No. B73 (Co41ErgYs3)

5 Eris_xYxCo7 (X=3.6)+Y3C05 +Y3Coy -
6 Eryy_xYxCo7 (x=3.6)+ No. 68 (Co3sEri5Yso)
YsCos +Ers_xYxCo (x=0.24) No. B17 (Cos1ErsYe1)

that the phase Y5Co; exists at 500 °C under our experiment condi-
tion, which is in agreement with Wu et al. [3].

No new ternary compound was found in all binary and ternary
alloy samples.

3.2. Solid solubility

Six pairs of corresponding compounds in the Y-Co and Er-Co
binary systems, i.e., ErpCoq7 and Y,Co47, Er,Co; and Y,Co7, ErCos
and YCos, ErCo, and YCo,, ErsCos and Y4Cos, Er3Co and Ys;Co
form continuous series of solid solutions because these pairs of
compounds have the same space groups and the same crystal
structure, almost the same lattice parameters and similar charac-
ters, respectively. Fig. 4 presents the XRD pattern of the sample
with composition of Cog9Er3pY27.1 consists of the single phase of
Ery_xYxCos (the sample contained a little amount of Y,03). At the
same time, metals Y and Er can substitute for each other and form
substitution solid solutions.

The maximum solid solubility of Y in the compound Er;,Co7;
was determined by X-ray diffraction technique using the phase
disappearing method and the scanning electron microscopy with
energy dispersive analysis. With increasing the Er content, the
XRD patterns of the compounds Erq,_,YxCo; were not changed
but moved towards higher angle indicating that the phase has
a wide solubility range because of the difference between the

S-3400N 20.0kV 11.6mm x3.00k BSETOPO 10.0um

Fig. 6. Micrograph (3000x ) of sample no. 54 (CossErssYso) in the three-phase region
of Er12_xYxCo7 (x=3.6)+YgCos +Er;_,YxCo (x=0.24). The gray background is the
phase Erq,_xYxCo7, the black pieces are Er;_,YxCo and the white ones are YgCos.
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Fig. 7. XRD patterns of the sample no. 54 (CossErssYs3p) consisted of the three phases of Ery;_xYxCo7 (x=3.6), YsCos and Ers_,YyCo (x=0.24).
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Fig. 8. The variation of lattice parameters on the Er content for Er,Y;_,Co.

atomic radius of the Er atom and the Y atom. By comparing the
movement and the disappearance of the diffraction patterns of the
single phase Eri;_4YxCo7 in the samples and combining with the
results of SEM (EDS), the maximum solid solubility of Y in the com-
pound Er;;Co; was obtained. The maximum solid solubility of Y
in the compound Erq,Co7 is about 19at.% Y. No solid solubilities
of Er in the compounds Y,Cos, YgCo7, YCo, Y3Co;, and YgCos were
observed.

3.3. Isothermal section of the Co-Er-Y system at 500°C

The isothermal section of the phase diagram of the Co-Er-Y
ternary system at 500°C was investigated by the means of X-
ray powder diffraction, differential thermal analysis, scanning
electron microscopy with energy dispersive analysis and optical
microscopy. By comparing and analyzing a total of 160 binary and
ternary alloy samples and identifying the phases in each sample,
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Fig. 9. XRD patterns of the sample no. 55 (Co40Eri0Yso) consisted of the three phases of Ers_xYxCos (x=0.42), Y3Co, and Erq;_xYxCo7 (x=3.6).
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Fig. 10. The variation of lattice parameters on the Er content for EryY4_xCos.

the 500 °C isothermal section of the phase diagram of the Co-Er-Y
ternary system is determined. The isothermal section consists of
14 single-phase regions, 19 two-phase regions, and 6 three-phase
regions, as shown in Fig. 5. Table 1 presents the details of the three-
phase regions of the isothermal section of the ternary Co-Er-Y
system and the typical alloy compositions. Fig. 6 presents the SEM
micrograph of the sample no. 54 (Co3sEr3s5Y3g) in the three-phase
region of Erqyy_»YxCo7 (x=3.6)+YgCos +Er;_,YxCo (x=0.24). The
gray background with measured composition of Co345Ers53Y19.2 is
the phase Erq,_,YxCo7 (x=3.6), the black pieces with measure com-
position of Coys5Erg3Ys72 are Ers_yYxCo (x=0.24) and the white
ones are YgCos (with measured composition of Coszgs5Erg4Yss1).
The XRD pattern of the same sample no. 54 (Co3s5Er35Ysg) is given
in Fig. 7 indicating the co-existence of three-phases of Erj;_,YxCo7
(x=3.6), YsCos and Erz_,YxCo (x=0.24). Fig. 8 shows the varia-
tion of the lattice parameters on the Er content for ErxYs_xCo in
the samples with composition of 70at.% Co in the range from 0
to 12at.% Er (x=0-0.48). Fig. 9 presents the XRD pattern of the
sample no. 55 (Co4gErigYsg) consisting of the three phases of
Erg_xYxCos, Y3C0, and Erqy»_xYxCo; showing the existence of the
three-phase region of Erg_,YxCos (x=0.42)+Y3C0, +Erjy_xYxCo7
(x=3.6). Fig. 10 shows the variation of the lattice parameters on
the Er content for EryY4_xCos in the samples with composition of
41.5at.% Co in the range from 0 to 8 at.% Er (x=0-0.56).

4. Conclusion

The isothermal section of the phase diagram of the Co-Er-Y
ternary system at 500 °C was determined. The isothermal section
consists of 14 single-phase regions, 19 two-phase regions and 6
three-phase regions. Six pairs of corresponding compounds, i.e.,

Er,Coq7 and Y,Coq7, Er,Co7 and Y,Co7, ErCos and YCos, ErCo, and
YCoy, EryCos and Y4Cos, Er3Co and Y3Co form continuous series
of solid solutions. The maximum solid solubility of Y in the com-
pounds Erq2Co7 is about 19 at.% Y. No solid solubilities of Er in the
compounds Y,Cos, YgCo7, YCo, Y3Co, and YgCos were observed.
The binary compounds YCos and ErCos were not observed at 500 °C.
No new ternary compound was found.
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