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The solid-state phase equilibria in the Co-Pt-Dy ternary system at 1173 K(Dy < 70%) were investigated by
X-ray diffraction (XRD), scanning electron microscopy (SEM) and energy dispersion spectroscopy (EDS)
techniques. The 1173 K isothermal section consists of 14 single-phase regions, 24 two-phase regions, 10
three-phase regions and 1 four-phase region. At 1173 K, we have observed that the maximum solubility
of Dy in a-(Co, Pt) is below 1.5 at.% Dy. The maximum solid solubility of Pt in Co;7Dy> is below 1at.%
Pt, whereas in Co;Dy,, Co3Dy and Co,Dy is about 1, 1 and 1.5 at.% Pt, respectively. The maximum solid
solubility of Co in DyPts, DyPts3, DysPts, DyPt, DysPty, DysPts, Dy, Pt and DysPt is below 1at.% Co, with
uniquely being 19 at.% Co in DyPt;. In this work, one four-phase region including a-(Co, Pt), DyPt, DyPt,,
and Dy;Pt4 phases was found. CosDy and any new ternary compounds were not observed.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The Co-Pt, Dy-Pt and Co-Dy binary systems bounding the
Co-Pt-Dy ternary system have been widely studied. It has been
reported that Co and Pt are mutually soluble with each other
in the Co-Pt binary system approximately from 1100 to 1700K
[1]. The phase diagram of Co-Dy binary system was reported by
Buschow [2]. At 1173 K, there are four intermetallic compounds,
namely Coq7Dy; (Niq7Th; structure type), Co7Dy, (Co7Er; structure
type), Co3Dy (Be3Nb structure type) and Co,Dy (Cu, Mg structure
type). Furthermore, one phase, CosDy (CaCus structure type), is
unstable according to Ref. [2] and have a tendency to decom-
pose into the two neighboring compounds Co;7Dy; and Co;Dy,
below 1403 K. The Dy-Pt binary phase diagram constructed largely
on the basis of the presumed similarity with the Er-Pt system
was reported in the literature [3], and at 1173 K, it has been con-
firmed in Ref. [4] that Dy3Pt (Fe3C structure type), Dy,Pt (Co,Si
structure type), DysPt3 (MnsSis structure type), DysPty (GesSms
structure type), DyPt (BFe structure type), DysPty (Pd4Pus struc-
ture type), DyPt, (MgCu, structure type), DyPt3 (AuCus structure
type) and DyPts (SmPts structure type) were found present in the
Fe-Pt-Dy ternary system. Crystallographic data for these binary
compounds of the Co-Dy and Dy-Pt systems are collected in
Table 1.

However, the study about the Co-Pt-Dy ternary system itself
is comparatively scarce up to now. We present here a systematic
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experimental investigation of the isothermal section of this system
at 1173 K so as to reveal the phase equilibria relationship.

2. Experimental

The solid-state phase equilibria in the Co-Pt-Dy system at 1173 K were con-
structed by using the results of the X-ray phase analysis of 56 samples, as well
as those obtained from scanning electron microscopy and energy dispersion spec-
troscopy on some selected samples. All the samples were prepared by arc-melting of
pure metals (the purity of the ingredients is better than 99.9 wt.%) on a water-cooled
copper hearth under the protection of pure argon atmosphere. They were remelted
at least four times to ensure adequate homogeneity. The mass losses after the melt-
ing were less than 0.5 wt.%. After melting, the samples were sealed in vacuum quartz
tubes and annealed at 1173 K for 15 days in order to reach good homogeneity, then
quenched into ice-water. The brittle samples were ground to powders in a car-
nelian mortar for X-ray diffraction. A few tough samples were pressed into slices
(7mm x 3mm x 1 mm) and sealed again in vacuum quartz tubes, then annealed at
1173 K for 15 days to ensure homogeneity and eliminate the stress with further being
quenched in ice-water for X-ray diffraction. The samples in the Co-rich region were
crumbled to particles in a stainless steel mortar, then ground to powders in a car-
nelian mortar, and finally annealed under the protection of purified argon at 1173 K
for 20 h to eliminate the stress and quenched in ice-water for X-ray diffraction. Phase
analysis was carried out using X-ray diffraction (Cu Ka radiation), scanning electron
microscopy and energy dispersion spectroscopy techniques.

3. Results and discussion
3.1. Phase analysis

3.1.1. Binary Co-Dy system

According to Ref. [2], CosDy was considered as a high temper-
ature phase, it would decompose into Co;7Dy, and Co;Dy, with
the eutectoid decomposition temperature of approximately 1403 K.
And in Ref. [14], it was reported that the decomposition tempera-
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Table 1
Crystallographic data for the binary compounds of the Co-Dy, Dy-Pt systems.
Compounds Structure type Space group Lattice parameters (nm) References
a b c

Co7Dy;, Niy7Thy P65 /mmc 0.835 - 0.812 [2,5]
Co7Dy, Co7Er, R3m 0.4998 - 3.622 [2,6]
CosDy BesNb R3m 0.4999 - 2.436 [2,7]
Co,Dy Cu;Mg Fd3m 0.7176 = = [2,8]
DyPts SmPts 0*72 0.5237 0.9098 2.647 [9,10]
DyPt; AuCus Pm3m 0.407232 - - [11]
DyPt; Cu,Mg Fd3m 0.759667 - - [11]
DysPty Pd4Pus R3 1.3107 = 0.5673 [11]
DyPt FeB Pnma 0.54661 0.445313 0.71189 [11]
DyPt FeB Pnma 0.6983 0.4478 0.5544 [12]
DyPt FeB oP8 0.69736 0.44796 0.55391 [13]
DysPty GesSms Pnma 0.74525 1.45338 0.75265 [11]
DysPty GesSms oP36 0.7470 1.4560 0.7543 [13]
DysPts Mns Sis P65 /mcm 0.83674 - 0.62107 [11]
DysPts Mns Sis hP16 0.8359 - 0.6233 [13]
Dy, Pt Co,Si Pnma 0.71017 0.47474 0.87318 [11]
Dy, Pt Co,Si oP12 0.70955 0.47392 0.87301 [13]
Dy;Pt FesC Pnma 0.70493 0.94855 0.64173 [11]
Dy;Pt Fe;C oP16 0.70421 0.94714 0.64215 [13]

ture of CosDy is near 1173 K. In our work, no diffraction peaks of
CosDy were found through careful analysis of the XRD patterns of
the CosDy alloy, which proved that CosDy had completely decom-
posed into Coq7Dy; and Co7Dy, at 1173 K. Moreover, CosDy was not
observed in the Co-Pt-Dy ternary system after the introduction of
platinum under our experimental condition.

3.1.2. Binary Dy-Pt system

Previous research has found that all the light rare-earth
metals (atomic number<63) form Cu,Mg-type intermediate
phases of RPts, but for the heavy rare-earth Tb and Dy, TbPt3
and DyPt; form AuCus-type structure [15]. In our work, we have
observed that the phase DyPt3 exists with the AuCus-type struc-
ture, which is in good agreement with previous work [15].

For the phase Dy;Pt4, it was confirmed that Dys;Pty com-
pound exists in the Fe-Pt-Dy ternary system at 1173K [4]. As
for the Co-Pt-Dy ternary system, the X-ray diffraction of sam-
ple Coys5Pt3gDy>s5 in Fig. 1(a) clearly shows the diffraction peaks
of Dy3Pty, which implies that the phase Dy3Pt4 also exists in the
Co-Pt-Dy ternary system. This is different from the phase Pr3Pty
and Nd3Pt4 which are unstable and would decompose totally into
the two neighboring compounds RPt and RPt; (R=Pr, Nd) with the
addition of more than 1 at.% Co for the former and 5 at.% Co for the

latter [16,17]. The reason for this may be the fact that Dy belongs to
heavy rare earth which results in a comparatively smaller atomic
radius. It could be tentatively assumed that the R3Pt4 (R=Pr, Nd,
Dy) phase will be more stable at 1173 K with the decrease of the
atomic radius of rare earth.

3.1.3. Ternary Co-Pt-Dy system

In our experiment, it is amazed to see that one four-phase equi-
librium region exists in the Co-Pt-Dy system at 1173 K, while no
such existence had been observed either in the Co-Pt-R system
[16,17] or the Fe-Pt-R system [4,18,19]. Fig. 1(a) and (b) shows,
respectively, the X-ray diffraction data and the SEM image of the
sample Coy5Pt30Dy>5 which belongs to the four-phase region. The
existence of four phases, a-(Co, Pt), DyPt,, Dy3Pty and DyPt can
be clearly observed. To confirm this, the same sample was further
put through an annealing process of 1 month at 1173 K. As a result,
after re-annealing, the X-ray diffraction data of the sample were
almost the same. This indicates that the existence of the four-phase
region is stable at 1173 K. However, when the sample Co45Pt39Dy>5
was annealed at 1273 K for 7 days, it was observed from the X-
ray diffraction data (Fig. 2(a)) and the SEM image (Fig. 2(b)) that
only three phases a-(Co, Pt), DyPt,, and DyPt are present. This
means that the sample in the four-phase region has transformed

Fig. 1. (a) X-ray pattern and (b) SEM image of Co4s5Pt39Dy,5 sample annealed at 1173 K for 15 days.
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Fig. 2. (a) X-ray pattern and (b) SEM image of CossPt3oDy,5 sample annealed at 1273 K for 7 days.

Fig. 3. (a) X-ray pattern and (b) SEM image of Co1oPtsoDy4o sample annealed at 1273 K for 7 days.

into one in the three-phase region at 1273 K. However, the sample
Coq1gPtsoDy4o located in the same four-phase region was observed
to be converted into one in another three-phase region DyPt, DyPt,
and Dy;Pt4 after annealing at 1273 K for 7 days, as shown in Fig. 3(a)
and (b). Fig. 4(a) and (b) illustrates the transition of phase region
under the annealing temperature of 1173 and 1273 K. From this
we could see clearly that the rising of the annealing temperature
from 1173 to 1273 K is followed by the formation of two three-
phase regions from the original four-phase region, which consists
of a-(Co, Pt), DyPt, DyPt;, and DyPt, DyPt,, Dy3Pty, respectively.

3.2. Solid solubility

At 1173K, by using X-ray diffraction, scanning electron
microscopy and energy dispersion spectroscopy techniques, we
have observed that the maximum solubility of Dy in a-(Co, Pt) is
below 1.5 at.% Dy; the maximum solid solubility of Pt in Co;7Dy;
is below 1 at.% Pt, whereas in Co7Dy,, Co3Dy and Co;Dy is, respec-
tively, about 1, 1 and 1.5 at.% Pt; the maximum solid solubility of
Coin Dypt5, Dypt3, Dy3Pt4, DyPt, Dy5 Pty, DyS Pts, DY2 Pt and Dy3 Pt
is below 1 at.% Co. But, the maximum linear solid solubility of Co in
DyPt; was determined to be nearly 19 at.% Co under our experimen-
tal condition by means of lattice parameter method. Fig. 5(a)-(d)
presents the results of the X-ray diffraction data for a series of sam-

Fig. 4. (a) Coss5Pt3oDy>5 sample in four-phase region (including a-(Co, Pt), DyPt,,
DyPt and Dy;Pt4) annealed at 1173 K for 15 days; (b) CossPt3oDy>s in three-phase
region (including a-(Co, Pt), DyPt; and DyPt) and Co1oPtso Dy in three-phase region
(including DyPt;, Dy3Pt4 and DyPt) annealed at 1273 K for 7 days.
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Fig. 5. Observed XRD pattern of the CogPtsgs7Dy3333 (@), Co15Pts167Dy3333 (b),
Co1sPtag67Dy3333 (€) and CoyqPtyse7Dy3333 (d) compounds annealed at 1173 K for
15 days.

ples CoxPtss.67_xDy33.33 with x=8, 15, 18 and 21. We can see that
with x=8, 15 or 18, the samples are single-phase of DyPt,, but
with x=21, addition of Co into the DyPt; and Dy3;Pt4 phase can be
observed in the Co;1 Pt4567Dy33.33 sample. According to the data we
calculate the lattice parameter of the investigated samples and the
results are shown in Fig. 6 as a solid line. It displays that the lattice
parameters decreases monotonously with increasing the Co con-
tent due to the fact that Co atom has a rather smaller atomic radii
than the Pt atom. In addition, a horizontal dash dot line in Fig. 6
presents the lattice parameters of the constituent phase DyPt, of
the samples situated in the DyPt,, DyPt, Dy3Pt4 and Co four-phase
region, which remains constant. The solubility limit of Co in DyPt;
is the concentration that corresponds to intersection of the solid
line and the dash dot line as shown in Fig. 6, which is about 19 at.%
Co. The reason for this is quite similar to that of the solubility of Co
in PrPts and NdPts5 [16,17]. The large solubility limit to which Co
dissolves in DyPt; may be ascribed to several feature of the Co and
Pt atoms as follows. Firstly, the Co atom has a rather smaller atomic
radii of 0.125 nm than the Pt atom, which is 0.139 nm [20], which
brings about a 10% difference. Secondly, Co and Pt (1173 K) have
the same face-centered cubic structures. Furthermore, their most
common valence is both +2 with a similar electronegativity of 2.2
and 1.8 [20]. Finally, DyPt; and Co, Dy share the same Cu;Mg-type

Fig. 6. The variation of the a-spacing with at.% Co for some Cu,Mg-type Co-Pt-Dy
alloys.

Table 2
Identification of phase for the ternary alloy.

Samples Ternary alloys Phase compositions

1 Co33Pt5Dys) Dy3Pt+ Dy, Pt + Co, Dy

2 Co42Pti5Dy43 DysPt4 +DysPts + Co, Dy

3 CoysPt15Dy40 DysPt4 + DyPt + Co, Dy

4 Cos7Pt1pDys3 Co3Dy + Co, Dy + DyPt

5 Cog7Pti9Dy23 Coy7Dy; +Co; Dy, +DyPt

6 Cog3PtsDyq2 a~(Co, Pt) + Coq7Dy, + DyPt

7 CosoPt30Dy20 a~(Co, Pt)+DyPt;

8 Co77PtyoDy3 OL—(CO, Pt) + DyPt; + DyPt,

9 Co45PtsoDy15 a-(Co, Pt) + DyPt; + DyPt;
10 CogsPt3pDys a~(Co, Pt) +DyPt3
11 CosgPtsoDy> a~(Co, Pt) + DyPts
12 Coy0Pt70Dy10 a-(Co, Pt)+DyPt;
13 CoysPtsgDy3 a~(Co, Pt) + DyPts + DyPts3
14 Co15Pt75Dy10 a~(Co, Pt) + DyPts + DyPt;
15 Coy7Ptg1 Dy a-(Co, Pt)+DyPts
16 Co15Pts167Dy333 DyPt,
17 Co1sPtasg67Dy333 DyPt;
18 C021Ptss567Dy333 a-(Co, Pt) + DyPt, + Dy3Pt4 + DyPt
19 Co15Pt50Dy3s5 DyPt; +Dy3Pty
20 Co10PtsoDyag a~(Co, Pt) +DyPt; + Dy3 Pty + DyPt
21 Co15Pts5Dya0 a-(Co, Pt) + DyPt, + Dy3Pt4 + DyPt
22 CosoPtsoDys30 a-(Co, Pt) + DyPt, + Dy3Pt4 + DyPt
23 CoysPt30Dy2s a~(Co, Pt) +DyPt; + Dy3 Pty + DyPt
24 CogPtsg67Dy333 DyPt,

structure. Interestingly, the solid solubility of Pt in Co,Dy is quite
different from Co in DyPt,. The most possible reason for this is that
Co has smaller atomic radii than Pt and smaller atomic radii makes
the formation of solid solution easier.

In Refs. [16,17], it has been reported that the maximum linear
solid solubility of Co in PrPts and NdPt5 are 15 at.%. However, in
our experiment, we have found that there is nearly no solid sol-
ubility for DyPts upon the addition of Co. The reason for this is
very likely due to the fact that the phase CosDy is not present at
1173 K, furthermore, both CosDy (CaCus structure type) and DyPts
(SmPts structure type) have totally different structure type. Thus,
formation of Dy(Pt, Co)s can hardly be observed.

Fig. 7. Isothermal section of the Co-Pt-Dy system at 1173 K.
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3.3. Isothermal section at 1173 K

In this work, by comparing and analyzing the X-ray diffraction
patterns of 56 samples, together with scanning electron microscopy
and energy dispersion spectroscopy on some of the selected sam-
ples, we have identified the phase components and phase relations
of each sample (in Table 2). According to these results, the solid-
state phase equilibria of Co-Pt-Dy system at 1173 K (Dy <70%)
were determined. The 1173 K isothermal section shown in Fig. 7
consists of 14 single-phase regions a(a-(Co, Pt)), B(Coy7Dy>),
¥(Co7Dy,), 8(CosDy), &(CoxDy), {(DysPt), m(Dy,Pt), 6(DysPt3),
YDysPty), k(DyPt), N(DysPty), w(DyPty), v(DyPt3), §(DyPts), 24
two-phase regions (a+§& a+v, a+w, p+\, a+B, B+, y+9, d+¢,
L+m, m+0, B0+, L+K, K+, p+v, V+E a+k, B+K, Y+K, d+K,
e+K, e+, €+0, e+m, €+{), 10 three-phase regions (a+v+§,
at+tw+y, a+K+B, K""Y"'B' K+8+'y, g+§+1], g+n+9, e+0+y,
g+L+K, K+¢&+9) and one four-phase region (o + L+ K +\).

4. Conclusion

(1) At 1173 K, the CosDy phase was not found in the Co-Pt-Dy
ternary system; the DyPt; phase with the AuCus-type structure
exists in the Dy-Pt binary system; the Dy3;Pt4 phase remains
stable with the addition of the Co element.

(2) One four-phase equilibrium region including a-(Co, Pt), DyPt,
Dy3Pt4 and DyPt exists in the Co-Pt-Dy system at 1173 K.

(3) The maximum solubility of Dy in a-(Co, Pt) is below 1.5 at.% Dy,
the maximum solid solubility of Pt in Co{7Dy> is below 1at.%
Pt, and in Co;Dy,, Co3Dy and Co;Dy is about 1, 1 and 1.5at.%
Pt, respectively; the maximum solid solubility of Co in DyPts,
DyPt3, Dy3Pty, DyPt, DysPty, DysPts, Dy, Pt and DysPtis below
1at.% Co and that of Co in DyPt; is 19 at.% Co.

(4) The 1173K isothermal section of the phase diagram of the
Co-Pt-Dy ternary system consists of 14 single-phase regions,

24 two-phase regions, 10 three-phase regions and 1 four-phase
region. No new ternary compounds were observed.
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