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The phase relationship in the Fe-Pt-Pr ternary system at 500°C was investigated by X-ray
diffraction (XRD), scanning electron microscopy (SEM) energy dispersion spectroscopy
techniques. The 500°C isothermal section consists of 13 single-phase regions, 23 two-phase
regions and 11 three-phase regions. At 500°C, the maximum solid solubility of Pt in «-Fe is
about 10 at.% and Fe in Pt is about 18 at.%; the maximum solubilities of Pr in «-(Fe,Pt), FesPt,
FePt, FePt; and (Pt,Fe) (the solid solution of Fe in Pt) are about 6 at.% 1.5 at.% 2 at.%, 2.5 at.%
and 1.5 at.%, respectively. No Pr3Pt; binary compound and new ternary compounds were
found. © 2006 Springer Science + Business Media, Inc.

1. Introduction

Due to the greater potential applications in the fields
of microelectromechanial systems, medical instruments
and high-density magnetic recording media, Fe-Pt
nanocrystalline magnetic materials have attracted much
attention[1-4]. The Fe-Pt, Pr-Pt, Fe-Pr binary systems
bounding the Fe-Pt-Pr ternary systems has been widely
investigated. In the Fe-Pt binary diagram [5], three in-
termetallic compounds, Fe;Pt with AuCujs structure type,
FePt with AuCuj structure type and FePt; with AuCu;
structure type, have been found and formed by disorder-
order phase transformation. In the Pr-Pt binary diagram
[6], Seven intermetallic compounds, PrPts with CaCus
structure type, PrPt; with Cu,Mg structure type, PrPt,
with Cu, Mg structure type, Pr3Pty with PdsPu; structure
type, PrPt with BFe structure type, Pr3Pt, with Er;Ni,
structure type and PryPt; with Fe;Th; structure type, have
been reported, in which PrPts, Pr3Pts, Pr;Pt; and Pr;Pt;
are formed by peritectic reaction, Pr;Pts and PrPt melt
congruently. However, Ref. [7] reported that PrPt; did not
exist. In the Fe-Pr binary diagram [8, 9], two intermetal-
lic compounds, Fe;Pr, with ThyZn;; structure type and
Fe,Pr with Cu,Mg structure type, have been reported and
formed by peritectic reaction. But Ref. [10] proposed that
Fe,Pr did not form in the ambient pressure. In the present
paper, we will report the results of the investigation of
the phase relations among the components in the Fe-Pt-Pr
system at 500°C.
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2. Experimental details

The phase relationship of Fe-Pt-Pr system at 500°C was
constructed by using the results of the X-ray phase analy-
sis of 65 samples, as well as that obtained from scanning
electron microscopy and energy dispersion spectroscopy
on some selected samples. The samples with a total mass
of 1-1.5 g were prepared by arc-melting of pure metals
(the purity of the ingredients was better than 99.9 wt.%)
under purified argon. They were remelted not less than
four times to ensure homogeneity of the constituent ele-
ments. The mass losses after the melting were less than
0.5 wt.%. After melting, all the samples were sealed
in evacuated quartz tubes and homogenized at 900°C
for 2 weeks, and then cooled at a rate of 10°C/min to
500°C and kept at 500°C for 4 weeks except for a small
amount of samples in the Pr-Pr;Pt;-Fe7Pr, ternary sys-
tem which were homogenized only at 500°C for 30 days.
After homogenizing, all ampoules with the samples were
quenched in water.

The brittleness samples were grinded into powders in
porcelain mortar for X-ray diffraction. A few toughness
samples were pressed into slices (7 mm x 3 mm x 1 mm)
and sealed again in quartz tubes, then annealed under the
protection of purified argon at 500°C for a week to elim-
inate the stress and quenched in water for X-ray diffrac-
tion. Phase analysis was carried out using X-ray diffrac-
tion (CuKe radiation), scanning electron microscopy and
energy dispersion spectroscopy techniques.
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3. Results and discussion

3.1. Compounds of Pr3Pt; and Fe,Pr

Results of X-ray diffraction confirm the existence of PrPts,
PrPt;, PrPt,, PrPt Pr3Pt, and Pr;Pt; six compounds in Pr-
Pt binary system, but Pr3;Pty; compound was not found.
Fig. 1 displays the XRD pattern for the Pr3Pty sample.
From these data, it follows that the Pr3 Pty sample consists
of two phases PrPt and PrPt,. This means that no Pr;Pty
compound form at 500°C, and it has decomposed totally
into the two neighboring compounds PrPt and PrPt;. The
reason for this is not fairly clear but we think it is likely
related to the specific structural stability of this type of
compounds R3Pt, for which the atomic radius ratio rg/rp;
has to fall within 1.25-1.35 [11].

Ref. [8, 9] reported that Fe,Pr compound formed by
peritectic reaction, Fe\;Pr, + L — Fe,Pr at 1000°C.
We prepared a series of samples in the phase range in-
cluding Fe,Pr compound of Fe-Pr binary system. These
samples were annealed at 500°C for 30 days, and some for
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Figure I The XRD pattern of the Pr3Pt4 sample annealed at 500°C.
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Figure 2 The XRD pattern of the FesoPt39Pryo sample annealed at 500°C.
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60 days. The XRD analysis showed that all the presently
investigated samples are composed of Fe;;7Pr, and Pr,
no Fe,Pr compound was found under our experimen-
tal conditions, which is agreement with the report in
Ref. [10].

3.2. Solid solubility

By using X-ray diffraction, scanning electron microscopy
and energy dispersion spectroscopy techniques, we have
observed, at 500°C, that the maximum solid solubility
of Pt in «-Fe is about 10 at.%, the maximum solubility
of Fe in Pt is about 18 at.%. The single phase ranges
of a-(Fe,Pt), FesPt, FePt, FePt; and (Pt,Fe) are from 0
to 10 at.%Pt, 14 to 31 at.%Pt, 33 to 63 at.%Pt, 66 to
79 at.%Pt, and 82 to 100 at.%Pt, respectively. It is inter-
esting that no solubility of Pr in both «-Fe and Pt was
reported [6, 8, 9], but in this work, the maximum solu-
bilities of Pr in «-(Fe,Pt) and (Pt,Fe) solid solution were
found to be about 6 at% and 1.5 at.%, respectively, and
they are about 1.5 at.% 2 at.% and 2.5 at.%, respectively,
with Pr in Fe;Pt, FePt, and FePt;.

3.3. Isothermal section at 500°C

By comparing and analyzing the X-ray diffraction pat-
terns of 65 samples, together with the results obtained
from scanning electron microscopy and energy disper-
sion spectroscopy on some of the selected samples. We
have determined the phase compositions of each sample.
Results of XRD measurements on the sample of
FesoPt3oPry ternary alloy are displayed in Fig. 2. These
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Figure3 (a) SEM micrograph of the FegsPt3Pry; sample annealed at 500°C.
(b)SEM micrograph of the FessPtsoPrs sample annealed at 500°C.
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Figure 4 The XRD pattern (left) and SEM micrograph (right) of the FeggPtjoPrp sample annealed at 500°C.
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Figure 5 Isothermal section of the Fe-Pt-Pr ternary phase diagram at 500.

data indicate that are displayed in Fig.2 it is a three-phase
alloy consisting of PrPt, PrPt; and «-Fe,and they are also
a clear proof that Pr;Pty compound does not exist, oth-
erwise the Pr;Pty phase should appear in this sample.
Scanning electron micrographs showing the microstruc-
tures of the samples of FeggPts Pr;; and FesqPtyoPry are
represented in Fig. 3 (a) and Fig. 3 (b), respectively. One
can visualize that they are all the three-phase samples
in which the former consists of «-(Fe, Pt), Fe7Pr, and
Pr;Pt, and the latter FePt, Fe;Pt and PrPt,. However, the
X-ray diffraction data show that they are the two-phase
alloys consisting of «-(Fe, Pt) and Fe;Pr,, and FePt and
Fe;Pt, respectively, without the observation of the pres-
ence of the minor phases Pr;Pt, or PrPt;. The reason for
this is due to the fact that often the presence of a small
amount of phase of less than 5% is hard to be detected by
means of XRD measurements. The similar results are also
observed in Fig. 4 in which the XRD pattern (left part)
for the sample FeggPt|oPr; reveals it is a single phase
of a-(Fe, Pt), but in fact there exists a small amount of
second phase of Fe;Pt according to the SEM micrograph
(right part). Consequently, this sample is identified as a
mixture of two-phase «-(Fe, Pt) and Fe;Pt coexisting, but
close to the phase-boundary between the «-(Fe, Pt) and

Fe;Pt. The results of the phase analysis for the aforemen-
tioned samples and the other selected samples are listed
in Table L.

On basis of all the results obtained for the presently
investigated samples, the phase relationship of Fe-Pt-Pr
ternary system at 500°C was established. The experimen-
tal Fe-Pt-Pr ternary diagram at 500°C, as presented in
Fig. 5, shows it consists of 13 single-phase regions, 23
two-phase regions and 11 three-phase regions.

The 13 single-phase regions are: « («-Fe), B(FesPt),
y (FePt), §(FePt3), e(Pt), ¢(PrPts), n(PrPts), 6(PrPty),
t(PrPt), k (PrsPty), A(Pr;Pt3), w(Pr), v(Fe 7Pry).

The 23 two-phase regions are: o + 8, 8 + y, ¥ + 8,
S4+¢e e4+¢, ¢4+n n+0, 0+, t+k, K +A,
A+u, p+v,v+oa, v+A v4+k, ax+k, o+,
a+60,B+0,y +n,y +,8+¢.

The 11 three-phase regions are: A+ u + v,
A+v+k, da+v+k, a+k+t, o+60+1,
a+p+0, B+y+0, y+n+0 y+I+n,

y+8+0.8+e+¢

TABLE I. Identification of phase for the selected ternary alloys at
500°C

Samples Ternary alloys Phase components

1 Fe,s5Pt sPrgo Fe7Pr; + Pr7Pt3 + Pr

2 FesoPtigPryg Fe7Pr, + Pr7Pts 4+ Pr

3 Fe40PtyoPryg Fe7Pry + Pr3Pt; + PryPts
4 Fe4oPtysPr3s a-Fe 4+ Fe7Pry + Pr3Pty
5 FegoPti9Pr3o Fe7Pry + PryPt3

6 FeoPtygPrgn «a-Fe + PrPt + PrPt,

7 FesoPt3gProg «o-Fe + PrPt+ PrPty

8 Fe4oPtgoProg «a-Fe + PrPty

9 Fes5PtoPr;s «-Fe + Fe 7Pry + Pr3Pty
10 FegePts Pryy a-Fe + Fe17Pry + Pr3Pty
11 FeggPtoPr; «o-Fe + FesPt

12 FegsPtoPrs «a-Fe + PrPty

13 FesgPtyoPrp «o-Fe + Fe3Pt

14 Fee7PtysPrs «a-Fe + Fes Pt + PrPt,

15 FesePtyoPry FePt + Fes Pt + PrPty

16 FesoPtsoPrio FePt + Fes Pt + PrPty

17 Fe40PtsoPrig FePt + PrPt;

18 Fe4s5PtsoPrs FePt 4 PrPts

19 Fe,sPt7oPrs FePt + FePt; + PrPts

20 FeoPtgsPrs Pt + FePt; + PrPts

21 FesPto, Prs Pt + PrPts
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4. Conclusion

1. The 500°C isothermal section of the ternary Fe-Pt-
Pr system excludes the possibility of the presence of the
PrsPty phase although it is present at 900°C and 300°C,
respectively.

2. The maximum solid solubility of Pt in «-Fe is about
10 at.%; the maximum solubility of Fe in Pt is about
18 at.%. The single phase ranges of «-(Fe,Pt), FesPt,
FePt, FePt; and (Pt,Fe) are from O to 10 at.%Pt, from 14
to 31 at.%Pt, from 33 to 63 at.%Pt, from 66 to 79 at.%Pt,
from 82 to 100 at.%Pt, respectively. The maximum solu-
bilities of Pr in «-(Fe,Pt), FesPt, FePt, FePt; and (Pt,Fe)
is about 6 at.% 1.5 at.% 2 at.% 2.5 at.% and 1.5 at.%,
respectively.

3. The isothermal section of the Fe-Pt-Pr ternary phase
diagram at 500°C consists of 13 single-phase regions, 23
two-phase regions, and 11 three-phase regions. No new
ternary compounds was found.
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