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The isothermal section of the phase diagram of thé—Cu—Sn ternary system was constructed at 673 in the

whole concentration range, using X-ray diffractionand EPM analyses. The interaction between the elemis
results in the formation of five ternary compoundsat the investigated temperature: YCuSn (NdPtSb-type

structure), Y3CusSn, (Gd;Cu,Ges-type),
YCuy.655M0.35 (MgCu,Sn-type).

YCusSn (CeCu-type),

and

Y14CUg 2S¢ (CeNisSn-type),

Intermetallics / Rare-earth metal system / Phase dgram / X-ray diffraction

Introduction

The study of phase diagrams of metallic systenasis
important step to determine the relations of the
components in equilibrium with neighboring phases,
the homogeneity ranges and structural data of
intermediate phases. The first results of a partial
investigation of the Y—Cu-Sn ternary system (4%at.
Y or less) at 770 K were presented [it]. Three
ternary compounds with unknown structure were
reported in the investigated part;0w,Srs (B-phase),
YgCuw;Sny (6-phase), and YCusSnis (y-phase).
Investigations of Y-Cu-Sn alloys by other authors
indicated the existence of several Y-Cu—-Sn stasnide
YCuSn (Cala-type structure[2], NdPtSb-type[3]),
Y3:CwSn (GhCuwGertype) [4], YCuSn (CeCy
type) [5], YCwSn (CaBeGe-type) [6], and
Y 1 Cly S g (CeNiSn-type)[7]. Analysis of earlier
studiedR-Cu—Sn ternary systems with rare earths of
the yttrium group R = Gd, Dy, Er, Lu)[8-11] showed
a decreasing number of compounds, down to three for
the Lu—Cu-Sn system. The Yb-Cu-Sn system
constitutes an exception with ten intermediate pbas
found at 673 K[12]. Investigations of the Gd—Cu-Sn
and Dy—Cu-Sn systems at 670 and 770 K indicated an
important influence of the temperature on the
formation of ternary phases at high Sn conferi3].
Considering the relatively limited data available

the Y-Cu-Sn system, we decided to fill in this gap.
the present paper the results of X-ray and EPM
analyses of the phase equilibria in the Y—-Cu-Sn
system at 673 K are reported.

Experimental details

The samples were prepared by arc melting of the
constituent elements (yttrium, with a purity of
99.9 wt.%; copper, 99.99 wt.%; tin, 99.999 wt.%)
under high-purity Ti-gettered argon atmosphere on a
water-cooled copper crucible. The total weight ésss
with respect to the initial mass were lower than
1 wt.%. Pieces of the as-cast buttons were annealed
for one month at 673 K in evacuated silica tubes, a
then water-quenched. For additional studies, some
samples were annealed at 773 K under similar
conditions. Phase analysis of the samples was
performed using X-ray powder diffraction (DRON-
4.0, FeKo radiation). The observed diffraction
intensities were compared with reference powder
patterns of the binary and known ternary phases. Th
compositions of the samples were examined by
Scanning Electron Microscopy (SEM), using a
REMMA-102-02 scanning microscope. Quantitative
electron probe microanalysis (EPMA) of the phases
was carried out with an energy-dispersive X-ray

the phase diagram, as well as the composition and analyzer, using the pure elements as standards (the
structure of some of the ternary compounds in acceleration voltage was 20 k¥ and L-lines were
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used). Calculations of the crystallographic paranset
and theoretical diffraction patterns were performed
with the CSD program packadgé4] and Rietveld
refinements with the WinPLOTR program package
[15].

Results and discussion

The binary systems

Data for the Y-Sn binary system were taken from
[16,17], data for the Y—Cu and Cu-Sn systems were
found in[17-20].

Phase analysis of samples in the Y—Cu binary
system confirmed formation of YGu(CaCu-type
structure), ¥,¢Cus.4 (Tho76CUs astype), YCu (KHg,-
type), and YCu (CsCl-type).

In the Y-Sn system the presence oSk
(MnsSis-type  structure), ¥Sn,  (SmGey-type),

Y 1S (Ho1Gegtype), YSn (ZrSi-type), and YSh
(GdSn s5type) at 673 K was confirmed. The, Sty
compound with EGes-type structured = 0.4301(3),
b =0.4407(4),c = 1.9071(2) nm), existing at 673 K
according td16], was also observed in our study.

The presence of the €&n (CuSn-type), CkSny;
(CuySnyi-type) and Cgbny (CusSrs-type) binary
compounds in the Cu-Sn system was confirmed.

Isothermal section at 673 K

investigated at 673 K, based on X-ray diffractiom a

metallographic analysis of 14 binary and 32 ternary
alloys. The isothermal section of the phase diaggam
673 K is presented ifig. 1. The phase compositions
of selected samples are listed ihablel, and
microphotographs of some alloys are showirim 2.

The phase relations in the Y—-Cu—Sn system under the
conditions applied here are characterized by the
formation of five ternary compounds, YCuSn,
YsCwSn, YCusSN, Y1 oCly,Spg, and YCuesSiy ss

the crystallographic characteristics of which asestl

in Table2. All the ternary compounds in the Y-Cu-Sn
ternary system are characterized by narrow
homogeneity ranges at the investigated temperature.
No significant solubility of the third component sva
observed for the binary phases.

The YCuySrn, compound with CaB&e-type
structure, reported if6], was not observed during our
study of the Y—Cu-Sn system. Powder XRD analysis
of samples near this composition revealed that they
belong to a three-phase field involving mainly the
ternary phase XCwSn, binary CySrs and Sn. The
formation of the YCuSn, compound can be connected
with the different temperature of annealing used by
the authors of6] (annealing at 873-1073 K).

The YCuSn compound was observed at the
stoichiometry 1:5:1, confirmed by EDX analysis
(Y1a LW Snisg). At higher Sn content, the
existence of the YCuw,Srpg compound with a
hexagonal structure related to the G&Mi type (a

The phase equilibria in the Y-Cu-Sn system were partly disordered substitution variant)7] was
confirmed.
673 K Sn 1.YCu,Sn, .,
2.YCu,Sn
3.Y,,Cu,,Sn,
4, YCuSn
5.Y.,Cu,Sn,
Y
Y, Cu,Y Cu YCu, YCu
Fig. 1 Isothermal section of the phase diagram of the ¥-SI system at 673 K.
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Table 1 Phase compositions of selected Y—Cu—Sn alloyse@ed at 673 K if not indicated otherwise).

Nominal alloy

No. composition (at.%) Phases
Y Cu Sn ' phase ¥ phase % phase
1 20 73 7 YCugsShy 35 YCuSn YCu,
a=0.7088(2) nm a=0.4506(2) nm a=0.4299(4) nm
¢=0.7275(3) nm b=0.6788(3) nm
¢ =0.7299(8) nm
2 17 70 13 YCs8n YCuSn YCuUy 655y 35
a=0.8206(5) nm a = 0.4505(3) nm a=0.7081(3) nm
b=0.9979(3) nm ¢=0.7274(5) nm
c=1.0497(4) nm
3 13 72 15 | YCiSn Y1.ClU oS g (Cu)
a=0.8205(4) nm a=0.5036(4) nm a=0.3621(2) nm
b =0.9980(4) nm c=2.0441(6) nm
¢ =1.0498(6) nm
4 19 66 15 | Y oCuySng YCusSn YCuSn
a=0.5035(2) nm a=0.8209(4) nm a=0.4511(3) nm
c=2.0444(4) nm b=0.4973(3) nm c=0.7277(4) nm
¢=1.0571(5) nm
4 19 66 15 | Y. CuySng YCusSn YCuSn
(773 K) a=0.5034(3) nm a=0.4423(2) nm a=0.4507(2) nm
c = 2.0443(6) nm b =0.6912(3) nm c=0.7274(5) nm
c=1.4622(8) nm
5 50 30 20 | ¥Sn YCu,
a=0.8877(5) nm a=0.4300(3) nm
c=0.6521(4) nm b=0.6789(4) nm
¢ =0.7289(8) nm
6 40 35 25 | YCuSn YsSns YCu,
a=0.4508(3) nm a=0.8881(4) nm (traces)
c=0.7276(4) nm ¢ =0.6519(5) nm
6 40 35 25 | YCuSn YsSns YCu,
(773 K) a=0.4508(4) nm a=0.8879(4) nm (traces)
c=0.7275(5) nm ¢ =0.6525(6) nm
7 30 40 30 YCuSn Y1CUy oS g Cuy1 Sy
a=0.4509(2) nm a=0.5036(2) nm (not determined)
c=0.7278(4) nm c=2.0441(5) nm
7 30 40 30 YCuSn Y1CUy oS g Cuy Sy
(773 K) a=0.4510(3) nm a=0.5033(3) nm (traces)
c=0.7278(5) nm c = 2.0445(7) nm
8 15 55 30 | ¥CwSn, CusSn
a=0.4421(3) nm a=0.4319(3) nm
b=0.6912(4) nm b=0.5488(4) nm
c=1.4618(8) nm c=0.4737(4) nm
9 55 10 35 | ¥Sn YCuSn
a=0.8878(1) nm a=0.4507(4) nm
¢ =0.6521(1) nm c=0.7279(5) nm
10 20 40 40 | ¥YCuSny CusSry (Sn)
a=0.4423(2) nm a=1.1015(6) nm a=0.5809(3) nm
b=0.6912(3) nm b=0.7273(4) nm c=0.3179(3) nm
c=1.4622(8) nm €¢=0.9817(5) nm
S =98.79°
11 40 20 40 | YCuSn YSn, Y 11Sho
a=0.4509(4) nm a=0.4393(3) nm a=1.1509(5) nm
c=0.7278(4) nm b=1.6322(5) nm ¢ = 1.6888(5) nm
¢=0.4301(4) nm
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Table 1 Phase compositions of selected Y-Cu-Sn
(continued.

alloyse@ed at 673 K if not indicated otherwise)

Nominal alloy

No. composition (at.%) Phases
Y Cu Sn ' phase ¥ phase % phase

12 15 35 50 | YCuwSn CusSny (Sn)
a=0.4421(2) nm a=1.1014(6) nm a=0.5807(2) nm
b =0.6909(4) nm b=0.7272(4) nm c=0.3177(3) nm
c=1.4619(8) nm ¢=0.9817(6) nm

S =98.78°

13 20 25 55 | YCuwSn (Sn)
a=0.4425(3) nm a=0.5808(4) nm
b =0.6909(5) nm ¢=0.3177(5) nm
¢ = 1.4620(8) nm

14 25 15 60 | YSn Y3CuSny YSng
a=0.4321(4) nm a=0.4423(3) nm a=0.4340(3) nm
b =0.4407(5) nm b=0.6910(4) nm b =0.4383(6) nm
c=1.9088(8) nm c=1.4619(8) nm c=1.1929(8) nm

15 30 5 65 ¥CwSn YSn, Y,Sry
a=0.4423(3) nm a=0.4392(4) nm a=0.4319(3) nm
b =0.6909(3) nm b=1.6329(6) nm b =0.4401(5) nm
c=1.4618(7) nm ¢=0.4301(3) nm ¢ =1.9085(7) nm

Table 2 Crystallographic data for the ternary compoundh@Y—Cu—Sn system.

No?2 Compound Structure type Space group a Unit-cell pe:)rameters, nm c
1 | YCWwesSMyas MgCu,Sn F-43m 0.7086(1) - -
2 | YCwSn CeCy Pnma 0.8206(5) 0.4979(3) 1.0497(4)
3 Y1oCly S g CeNiSn P6s/mmc 0.50348(2) - 2.0444(1)
4 | YCuSn NdPtSb P6;mc 0.4504(1) - 0.7270(4)
5 | YsCuSn GaCuGey Immm 1.4622(8) 0.6912(3) 0.4423(2)

#The compound numbers correspond to the labelsiphiase diagraniig. 1).

Other phases reported in the literature

“Y ¢Cu;Sns”

To check the existence of the g@u,Sn” compound,
identified as one of the three ternary phases ubder

in the Y-poor part of the Y-Cu-Sn system at 773 K
(6-phase) [1], samples near the composition
Y 40CussSrps were prepared and annealed at 673 or
773 K. Detailed phase analysis of the samples
annealed at either temperature revealed that they
belong to a three-phase field involving as mainsgha
ternary YCuSn with NdPtSb-type structure, in
equilibrium with the binary phasessSry and YCuy.

The strongest reflections in the diffraction data,
indexed on an orthorhombic unit cell with= 0.9702,

b =0.7285,c = 0.6545 nm if1], can be attributed to
YCuSn, and it is possible that the Sn content was
underestimated when a tentative chemical formula
was assigned to the Y-richest ternary compounden t
phase diagram. It may be noted that most of the
R-Cu-Sn systems have been investigated
[8-13,21-24] but none of the studies has shown any
indication of a ternary phase at a compositioneckos
“ReCw;Srs”. The powder pattern of the SCuSHy”

Chem. Met. Alloyg (2014)

phase reported ifi] was successfully indexed on the
basis of a hexagonal lattice (space gr&égmc) with

cell parametersa = 0.45035(4), ¢ =0.7284(1) nm,
corresponding to the YCuSn compound. The refined
lattice parameters are in good agreement with those
reported previously2,3], and with those found during
our investigation. The presence of a small amotint o
binary YsSns was also identified a= 0.8863(8),

¢ = 0.6592(6) nm).

“Y 3CusSng”

Two pieces of an ¥Cu,Sny, sample were annealed
at 673 and 773 K, respectively. X-ray analysis athb
samples showed the presence of YCuSn (NdPtSb-
type), and minor amounts of;¥Cuw 2S¢ (Structure
related to the Celbn type) and binary GiSny;. This
means that the composition ;8u,Sr", assigned to

the ternary phase B{phase) identified in [1],
corresponds to a three-phase field both at 673 and
773 K. A rough comparison of the two phase diagrams
(theirs at 773 K and ours at 673 K) seems to indica
that the Sn-content may have been underestimated
also here and the ternary compound referred to as
“Y 3CwSny” in [1] may have beenCu,Sn.
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Fig. 2 Electron micrographs of the following alloys (nuenimg according ta ablel): (a) 7. YzoCuyoSrsg —
YCuSn (light gray phase); GiSny; (gray phase); YsCuSng (dark gray phase); (b) 1.13CueSry —
YCu, Sy 3s5(gray phase); YCu(dark gray phase); YCuSn (white phase); (c) £CV¥:sSrps — YCuSn (light
gray phase); ¥Sm; (gray phase); YCGu(black phase); (d) 4. ¥CuseSnis (673 K) — Y1 ClSip g (gray
phase); YCuSn (light gray phase); Y&Su (dark phase); (e) 4.1uUseSns (773 K) — Y, Clg 2Srp g (gray
phase); YCuSn (light gray phase); Y{&Sa (dark phase); (f) 15.33Cu0Srso — YzCwSh, (gray phase); YSn

(light gray phase); ¥Sn; (white phase).

*Y 1sCUgeSMN 5"

Previous investigations of the Cu-rich corner o th
R-Cu-Sn ternary systems, whé®e= Y, La-Yb, have
shown the formation of ternary phases at the
compositionR;sCu;oSns, crystallizing with CeCgt or
CeCuyAu-type (ordered variant of the former)
structure[25,26], andR; Cugy .S, g compounds at the
composition [Ry4,CueSne (R=Y, Ce-Sm, Gd-Lu),
with a hexagonal structure of the CeBh type[7].
X-ray analysis of our samples prepared in the Ch-ri

136

corner of the Y—-Cu-Sn system confirmed the
formation of both YCgSn and Y ¢CuySns
Phase analysis of ¥CussSnis samples annealed at
673 and 773 K clearly showed the presence of the
main phase YoCuy,Sh g (CeNiSn-type structure), in
equilibrium with YCuSn (CeCwgtype) and YCuSn
(NdPtSb-type). Taking into account the closeness of
the compositions, we may state that thggCliseSnis”
phase reported ifl] is probably identical to the
YCusSn stannide.

Chem. Met. Alloy3 (2014)
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Table 3 Atomic and isotropic displacement parametersHerXCu, =Sy 35 compound, space grodp43m.

Atom \é)vgg;gfr]: X y z B, 107, nnt
Y 4c Va Ya Ya 0.72(9)
cu 16e 0.6252(4) X X 0.97(2)
M2 4a 0 0 0 0.68(9)

M = 0.65(1)Cu + 0.35(2)Sn.
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Fig. 3 Observed, calculated and difference X-ray pattéon¥ Cu, ¢sSH 35

Crystal structure of the YGysSmy 35 compound

From the results of the X-ray analysis of the sa&®ipl
in the Cu-rich part of the Y—Cu-Sn system, a new
ternary compound was found at the approximate
composition Y/CweSns. The powder pattern of the
Y 17:CwgSry sample was indexed on the basis of a
cubic lattice with cell parametes = 0.7086(1) nm,
and the compound could be assigned a M§@ttype
structure (a superstructure of the AyBgpe, space
groupF-43m). The final atomic parameters, refined to
Ry, = 0.038, R,p = 0.015, Rgragg= 0.026, are listed in
Table3. The chemical formula according to Rietveld
refinement can be expressed as Yg8n 35 Which is

in a good agreement with the microprobe analysis
(Y 166U 0SSN 39). The observed, calculated, and
difference X-ray patterns of the Y@ESnss
compound are presented iRig.3. Similar cell
parameters were refined for multiphase samples,
supporting the conclusion that no significant
homogeneity range exists at 673 K.

According to literature datd 7], the binary phase
YCus crystallizes with a hexagonal Ca@Eype
structure, nevertheless, for soReCu binary systems
two structural modifications (hexagonal CaQupe,
cubic AuBeg type), are observed for th&Cus
compounds R= Gd, Th, Dy)[17], depending on the

our conditions (annealing at 673 K) an YCu
compound with hexagonal Cag&lype structure was
identified. After replacement of part of the Curato

by Sn in the ternary region of the Y-Cu-Sn system,
the ternary compound YGQeSnss with cubic
MgCuw,Sn-type structure forms. We believe the latter
is a true ternary compound, however, it cannot be
completely excluded that YQSny 35 represents an
extension of a binary phase, stabilized by small
amounts of Sn at the temperature of the investigati

A similar cubic ternary phase, Yb@i$rye was
observed in the Yb—Cu—Sn systéiR].

Final remarks

Five ternary compounds were found in the isothermal

section at 673 K of the phase diagram of the Y-Qu-S

system. The existence of the same stannides: YCuSn,
Y3CwSn, YCusSN, Y;CuySipg, and YCuU gsShy.ss

was also confirmed at 773 K. Comparing the

Y—Cu-Sn system investigated here with previously

studied R—-Cu-Sn systems containing heavy rare

earths, one may note the close analogy in

stoichiometry and crystal structure of most of the

compoundsj.e. RCuSn,RsCuSn;, R; Cug ,Srp g, and

annealing temperature. As mentioned above, under RCuSnh (the latter does not form with Lu). A distinct

Chem. Met. Alloyg (2014)
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feature of the Y—Cu-Sn system is related to the
existence of the cubic phase YgGiBnss an
analogue of which has only been observed in the
Yb—Cu-Sn systerfl2].
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