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a b s t r a c t

The isothermal sections of the phase diagram of Er–Fe–Sn ternary system were constructed at 770 and
670 K in the whole concentration range using X-ray and metallographic analyses. Component interaction
in the Er–Fe–Sn system at 670 K results the existence of two ternary compounds, ErFe6Sn6 (YCo6Ge6-type)
and Er5Fe6Sn18 (Tb5Rh6Sn18-type), while at 770 K only one intermediate ErFe6Sn6 phase was observed.
The existence of the interstitial solid solution ErFexSn2 (up to 5 at.% Sn) was found at both temperatures.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

The study of the magnetic behaviour of the intermetallic phases
containing rare earth and magnetic transition elements such as
iron or cobalt is the principal orientation in the search for the new
generation of performing permanent magnets. In this context the
investigation of the R–Fe–Sn ternary systems is very interesting, in
particular the synthesis, composition and crystal structure pecu-
liarity of the compounds, and phase equilibria. According to the
magnetic data the Pr6Fe13Sn, Nd6Fe13Sn and Sm6Fe13Sn phases are
characterized by the high temperatures of the magnetic ordering
[1,2], neutron diffraction data of the RFe6Sn6 stannides indicate
the different magnetic ordering of Fe and rare earths sublattices
performed at different temperatures [3].

The isothermal sections of the phase diagrams of R–Fe–Sn
ternary systems (R—rare earth element) were reported for Y, Pr,
Nd, Sm, Gd and Dy [2,4–7], the preliminary investigations were car-
ried out also for La–Fe–Sn and Lu–Fe–Sn systems [8]. Other related
systems were studied only to identify isostructural series of com-
pounds for crystallographic parameters and physical properties
investigation. Two (R = La, Pr, Nd) or three (R = Sm) intermediate
phases, i.e. RFexSn2, R6Fe13Sn and SmFe6Sn6, were observed in
the systems with light rare earths, whereas for R–Fe–Sn systems,
where R are heavy rare earth elements, the existence of only one
ternary phase, RFe6Sn6, crystallising with various superstructures
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of the hexagonal YCo6Ge6-type, was found. Nevertheless, in the
Lu–Fe–Sn system at higher Sn content the presence of new ternary
phase Lu4Fe6Sn19, identified as a cubic phase with lattice parameter
a = 1.3537 nm, was reported in Ref. [8].

The investigation of the phase relations in the R–Fe–Sn systems
is very important for understanding the influence of preparation
method, heat treatment, atomic size criteria on crystal structure,
number, composition and stability of formed compounds. And the
next step is the sample preparation for investigation of their phys-
ical properties. In the present paper we report the isothermal
sections constructed for the Er–Fe–Sn ternary system at 670 K and
770 K, the influence of heat treatment on character of the phase
equilibria and for the first time, the crystal structure data for new
ternary compound.

2. Experimental details

The samples were prepared by a direct arc melting of the constituent elements
(erbium, purity of 99.9 wt.%; iron, purity of 99.99 wt.%; and tin, purity of 99.999 wt.%)
under high purity Ti-gettered argon atmosphere on a water-cooled copper crucible.
The weight losses of the initial total mass were lower than 1 wt.%. Then two pieces
of the as-cast buttons were separately annealed for one month at 670 K and at 770 K
in evacuated silica tubes and then water quenched.

Phase analysis was performed using X-ray powder diffraction of the synthe-
sized samples annealed at both, 670 K and 770 K (DRON-2.0 M, Fe K� radiation). The
observed diffraction intensities were compared with reference powder patterns of
binary and known ternary phases. The compositions of the obtained samples were
examined by scanning electron microscopy (SEM) using REММA-102-02 scanning
microscope. Quantitative electron probe microanalysis (EPMA) of the phases was
carried out by using an energy-dispersive X-ray analyser with the pure elements
as standards (an acceleration voltage was 20 kV; K- and L-lines were used). The
data for the crystal structure refinements were collected at room temperature using
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Table 1
Crystallographic characteristics of the Er–Fe–Sn ternary compounds.

Compound Structure type Space group Lattice parameters (nm)

a b c

ErFe6Sn6 YCo6Ge6 P6/mmm 0.53825(3) – 0.44453(2)
*Er5Fe6Sn18 Tb5Rh6Sn18 Fm-3m 1.35676(1) – –

* At 670 K.

Table 2
Composition and lattice parameters of the samples of the ErFexSn2 solid solution.

Composition Lattice parameters (nm) V (nm3)

a b c

Er33Sn67 0.4365(2) 1.6132(5) 0.4285(2) 0.3017
Er33Fe2Sn65 0.4370(1) 1.6134(2) 0.4298(1) 0.3031
Er32Fe5Sn63

**Er32.03Fe5.31Sn62.67 0.4376(1) 1.6149(2) 0.4311(1) 0.3047
*Er31Fe7Sn62 0.4378(1) 1.6146(3) 0.4313(7) 0.3049

* Two phase sample.
** From microprobe analysis.

STOE STADI P diffractometer (graphite monochromator, Cu K�1 radiation). Calcula-
tions of the unit cell parameters and theoretical patterns were performed using the
WinPLOTR program package [9].

3. Results and discussion

The phase equilibria in the Er–Fe–Sn phase diagram have been
investigated at 670 K and at 770 K using the X-ray and metal-
lographic analyses of 11 binary and 69 ternary alloys, annealed
at both temperatures. The isothermal sections of the Er–Fe–Sn
ternary system at corresponding temperatures are presented in
Figs. 1 and 2, respectively. The SEM pictures and phases composi-
tions of some alloys are shown in Fig. 3. The compositions and the
crystallographic parameters of the formed compounds are listed in
Table 1.

In the Fe–Sn system we confirmed the existence of the FeSn and
FeSn2 binaries at both 670 K and 770 K in agreement with [10,11],
other two phases Fe3Sn and Fe3Sn2 formed above 870 K were not
observed at investigated temperatures. The Er–Sn diagram used for
our investigation was taken from Ref. [10], five binary phases ErSn3,
ErSn2, Er11Sn10, Er5Sn3 and Er2Sn were observed. More recently
the formation of a new phase Er2Sn5 prepared by induction melting
was reported in Ref. [12]. During our investigation we have synthe-
sized all the samples in the Er–Sn system with the stoichiometry
corresponding to the literature data. Phase analysis of the corre-
sponding samples confirmed a formation of ErSn3, ErSn2, Er11Sn10,
and Er5Sn3 binaries under our conditions. The powder patterns of
the alloys at Er3Sn, Er2Sn and Er2Sn5 stoichiometry contain two
phases: Er + Er5Sn3 and ErSn2 + ErSn3, respectively.

The interstitial solid solution ErFexSn2 (up to 5 at.% Fe) based
on the ErSn2 (ZrSi2-type) binary compound was observed similarly

Fig. 1. Isothermal section for the Er–Fe–Sn system at 670 K.

to [13,14] (Table 2). The limit composition of this solid solution at
670 K and 770 K was estimated from the systematic analysis of the
cell parameters and by the results of microprobe analysis.

According to the Refs. [10,15] the Er–Fe binary diagram was
investigated above 870 K and the presence of four binary com-
pounds Er2Fe17 (Th2Ni17-type), Er6Fe23 (Th6Mn23-type), ErFe3
(PuNi3-type) and ErFe2 (MgCu2-type) was found. To check the

Table 3
Crystallographic characteristics of the Er–Fe, Er–Sn and Fe–Sn binary compounds.

Compound Structure type Space group Lattice parameters (nm) Ref.

a b c

Er2Fe17 Th2Ni17 P63/mmc 0.8422(4) – 0.8280(6) This work
Er6Fe23 Th6Mn23 Fm-3m 1.1977(4) – – This work
ErFe3 PuNi3 R-3m 0.50897(3) – 2.4464(4) This work
ErFe2 MgCu2 Fd-3m 0.72892(6) – – This work
Er5Sn3 Mn5Si3 P63/mcm [16]
Er11Sn10 Ho11Ge10 I4/mmm [11]
ErSn2 ZrSi2 Cmcm 0.4365(2) 1.6132(5) 0.4285(2) This work
ErSn3 GdSn2.75 Amm2 0.4336 0.4367 2.1685 [12]
FeSn CoSn P6/mmm 0.5288 0.4442 [17]
FeSn2 CuAl2 I4/mcm 0.6539 0.5325 [18]
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