Chem. Met. Alloy9 (2016) 72-77

Ivan Franko National University of Lviv
www.chemetal-journal.org

Chemistry of
Metals and Alloys

Contribution to the investigation of the Sm—Cu—-Snédrnary system

L. ROMAKAX V.V. ROMAKA 2 A. HORYN!, Yu. STADNYK!

! Department of Inorganic Chemistry, lvan Franko Natl University of Lviv,
Kyryla i Mefodiya St. 6, 79005 Lviv, Ukraine

2 Department of Materials Engineering and Applied/Sibs, Lviv Polytechnic National University,
Ustyyanovycha St. 5, 79013, Lviv, Ukraine

* Corresponding author. E-mail: romakal@Inu.edu.ua

Received June 16, 2016; accepted June 29, 20li@tdeaon-line November 7, 2016

The isothermal section of the phase diagram of thEm—Cu-Sn ternary system was constructed at 870 K in
the whole concentration range based on X-ray diffretion and EPM analysis. The interaction between the
elements results in the formation of five ternary ompounds at this temperature: SmCuSn (NdPtSb-type),
SmCu,sSny (GdsCuysGes-type), SmCuSn (CeCuAu-type), Smy dCug,Srpg (related to CeNgSn-type), and
SmCu,Sr, (CaBeGe,-type). DSC analyses showed a limited stability rage for the SmCu,Sns compound (up
to 811 K), as well as for the isotypidR,Cu,s4Sns.x compounds with Pr (496-783 K) and Nd (671-791 K).
Rietveld refinement of the crystal structure of Sm@sSn confirmed CeCuyAu-type atom ordering (space

group Pnma, a=0.8267(1)b = 0.50087(6)¢ = 1.0601(1) nm).

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

1. Introduction

Investigation of the phase equilibria in metallic
systems by constructing isothermal sections at
selected temperatures provides information on the
formation, stability, and homogeneity range of the
intermetallic compounds, and the heat treatments

temperature on the crystal structure of R€u,Sn,
compounds R=Tm, Lu), characterized by two
structural (monoclinic TRCW,Sn-type and
orthorhombic GgCu,Gey-type) modifications, was
studied in11].

The phase diagram of the Sm—Cu-Sn ternary
system at 770 K was reported [i5]; seven ternary

necessary to obtain homogenous samples. Because ofcompounds were observed at the temperature of

the low melting temperature of Sn, most of the
R-Cu-Sn systems have been studied at 670-K.

Recently, we studied the interactions of the

investigation. The structures of the phases of
approximate  compositions ISmisCugsSrpe  and
(Smy4CussSnyy were not determined. The crystal

component in the Dy—Cu-Sn and Gd-Cu-Sn ternary structure of Sm¢Cu,Srp g Was reported a few years
systems at 670 and 770 K and analyzed the influence later[12].

of the heat treatment on the stability of the fodme
compounds([7,8]. The most remarkable difference
between the two temperatures concerned
RCuw,Srs.x phases (SpCuSn-type, space group
14mm), which were found to exist at 670 K, while at
770 K they were not observe®]. DSC analysis
confirmed the limited temperature range of the
compounds with Sn content higher than 50 at.%én th
{Gd, Tb, Dy}-Cu-Sn systems. This observation is in
a good agreement with the binary Cu—Sn sy<teim
which is characterized by low temperatures of
formation of the binary phases in the region witbren
than 50 at.% Sn, and by the presence of a broaitiliq
range down to low temperature. The influence of the
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In the present work the phase equilibria in the
Sm-Cu-Sn system at 870 K were studied by X-ray

the diffraction and EPM analysis and the influence s t

heat treatment on the stability of the ternary
R.Cu,Srs. phases with Pr, Nd, and Sm was analyzed
by DSC. The data concerning the Sm-Sn,
Sm—Cu and Cu-Sn binary systems were taken from
[10,13-15]

2. Experimental details

The samples were prepared by direct two-fold arc
melting of the constituent elements (rare earthitypu
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99.9 wt.%; copper, purity 99.99 wt.%; and tin, pyri 3. Results and discussion

99.999 wt.%) under high-purity Ti-gettered argon

atmosphere on a water-cooled copper crucible. The The phase equilibria in the Sm—Cu-Sn phase diagram
weight losses of the initial total mass were ldsmnt were investigated at 870 K based on X-ray diffi@cti

1 wt.%. Pieces of the as-cast buttons were annealed and metallographic analysis of 17 binary and 33
for one month at 870 K in evacuated silica tubed an ternary alloys. The isothermal section of the
then water-quenched. Phase analysis was performed Sm—Cu-Sn ternary system at 870 K is presented in
using X-ray powder diffraction diagrams of the Fig.1. The phase compositions of selected samples
samples (DRON-4.0, Re, radiation). The observed are listed inTablel and microphotographs are shown
diffraction intensities were compared with refeenc in Fig. 2.

powder patterns of the binary and known ternary To check the literature data on the binary boundar
phases. The compositions of the samples were systems of the Sm—Cu—Sn system, all known binary
examined by scanning electron microscopy (SEM), compounds in the Sm—Cu and Cu-Sn systems were
using a HEMMA-102-02 scanning microscope. synthesized and confirmed in the course of our
Quantitative electron probe microanalysis (EPMA) investigations Kig.1). In the Sm—-Sn binary system
was carried out with an energy-dispersive X-ray the compounds Smgn SmSn, SmSn, SmSa,
analyzer, using the pure elements as standards (theSmSrn, SmSn, and SngSry were successfully
acceleration voltage was 20 k¥ and L-lines were obtained. To check the existence of the binary
used). The crystallographic parameters and theateti  stannide SpSn, [15], a sample of composition
diffraction patterns were calculated using the SmSn,, was prepared and annealed at 670 and
WinCSD program packadé6]. Rietveld refinements 870 K. Phase analysis of the sample showed the
were performed using the WIinPLOTR program presence of two phases, $8n, and SmSy at both

packag€g17]. temperatures.

DSC analysis (LINSEIS STA PT 1600 device) was The interaction of the components in the
performed on theR,Cu,,Sns., compounds R = Pr, Sm—Cu-Sn system under the conditions applied here
Nd, Sm) to check the limits of the stability ranges led to the formation of five ternary compounds:

temperature. The samples were heated in argon SmCuSn, SRCWSn, SmCySn, SmCuy,Srp g and
atmosphere up to 850 K at a rate of 10 K/min. The SmCuySn, the crystallographic characteristics of
weight losses during heating (TG) were negligible which are listed imable2. All the ternary compounds
(less than 0.3 %). in the Sm—Cu-Sn ternary system are characterized by

Sn

1. SmCu,Sn

2. Sm, 4Cuy,Sn, 5
3. SmCuSn

4. Sm,Cu,Sn,

5. SmCu,Sn,

Cu Sm

Fig. 1 Isothermal section of the Sm—Cu—Sn system at 870 K
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Table 1 Phase composition of selected Sm—Cu—-Sn alloys.

Nominal composition Phases
No. ot the alloy (at.%)
Sm Cu Sn ¥ phase ¥ phase ¥ phase
1 17 73 10 SmGS$Sn SmCuy
a=0.4984(4) nm a=0.5072(4) nm
b=0.8263(4) nm ¢ =0.4097(8) nm
¢ =1.0540(6) nm
2 15 70 15 SmGS$Sn Smy Clg Sy g
a=0.4985(4) nm a=0.5041(4) nm
b=0.8262(4) nm € =2.0430(7) nm
c=1.0542(6) nm
3 25 60 15 SmGSn SmCuSn SmCuy
a=0.4983(4) nm a=0.4547(3) nm (traces)
b=0.8263(3) nm c=0.7477(4) nm
c=1.0541(5) nm
4 50 35 15 | Sebn SmCuy SmCu
a=0.9090(4) nm a=0.4357(3) nm a=0.3533(3) nm
¢=0.6611(4) nm b=0.6927(4) nm
¢=0.7377(8) nm
5 20 60 20 SCuUy ,Shb g SmCuSn SmCuSn
a=0.5044(3) nm a=0.4546(1) nm a=0.4980(6) nm
c=2.0428(9) nm ¢ =0.7465(5) nm b =0.8260(3) nm
¢ =1.0544(7) nm
6 45 35 20 SmCuSn SmSny SmCuy
a=0.4548(3) nm a=0.9081(4) nm (traces)
c=0.7473(4) nm c=0.6619(4) nm
7 15 60 25 SCUy ,Sib g SmCu,Shy CwSn
a=0.5046(3) nm a=0.4507(4) nm a=0.4321(4) nm
€ =2.0425(7) nm b=0.6958(4) nm b =0.5486(5) nm
c=1.4825(7) nm c=0.4739(4) nm
8 40 30 30 SmCuSn SmSry SmCy
a=0.4551(3) nm a=0.9088(4) nm a=0.4358(4) nm
¢ =0.7475(5) nm ¢=0.6609(6) nm b =0.6929(5) nm
¢=0.7379(8) nm
9 23 40 37 | ShCwSn SmCuySn,
a=0.4506(3) nm a=0.4400(3) nm
b =0.6960(3) nm ¢ =1.0096(7) nm
c=1.4824(6) nm
10 15 45 40 SmGSn CuSn Sn
a=0.4396(3) nm a=0.4319(3) nm a=0.5807(2) nm
c=1.0093(4) nm b =0.5488(4) nm ¢=0.3177(3) nm
c=0.4737(4) nm
11 20 30 50 | SmGSn SmSn Sn
a=0.4395(4) nm a=0.4676(3) nm (traces)
¢ =1.0091(6) nm
12 30 20 50 | SaCWSH SmSn
a=0.4509(3) nm a=0.4419(4) nm
b=0.6961(4) nm b=1.5837(6) nm
c=1.4822(8) nm ¢=0.4501(3) nm

a narrow homogeneity range at the temperature of Detailed phase analysis of the samples revealed tha

investigation. The solubility of the third compohém they belong to the three-phase field involving rtiegin

the binary phases was found to be less than B2 at. ternary phase SmCuSn with NdPtSb-type structure, in
To check the existence of the ternary compound at equilibrium with the binary phases $8m and SmChyl

the compositionISm,CussShy,, reported earlier as a (Fig. 2a).

new ternary phasgs], samples near this composition Previous investigations of the Cu-rich cornerhaf t

were prepared and annealed at 770 and 870 K. R-Cu-Sn ternary systems, wheRR=Y, La-Sm,
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Fig. 2 Electron micrographs of selected alloys (numbawgbrding torable J:
a) 6. SmsCsSng— SMCuSN (light phase); $8n; (gray phase); SmGiidark gray phase);
b) 9. SmCueShns; — SMCu,Sny (light gray phase); SmGarn, (gray phase);
¢) 12. SmCuyeShy — SMmCu,Sn, (gray phase); Smilight gray phase);
d) 5. SmeCuseSe — SM oCly .Sy g (gray phase); SmCuSn (light gray phase); Sgg@ydark phase).

Table 2 Crystallographic data for the ternary compoundhSm—Cu—Sn system at 870 K.

No.? | Compound Structure type Space group Unit cell parameters, nm
a b C
1 SmCySn CeCwAu Pnma 0.8267(1) 0.50087(6) 1.0601(12)
2 Sm CuwySng | related to CeNBn P6s/mmc 0.5044(3) - 2.0428(9)
3 SmCuSn NdPtSb P6smc 0.4546(1) - 0.7463(4)
4 SmCuSn, GACuwGey Immm 1.4824(6) 0.6961(3) 0.4506(3)
5 SmCuySn, CaBeGe, P4/nmm 0.4402(2) - 1.0948(8)

#The compound number corresponds to the numbeéeiphase diagranfrig. 1).

Gd-Yb, showed the formation of ternary phases at th
composition RyisCu,eSrys, which crystallized with
CeCuyAu- or CeCuy-type structure [18-20], and
Ry Cug-Spg compounds (found at the composition
[RisClUeSpe, R=Y, Ce-Sm, Gd-Lu) with a
hexagonal structure related to the G&hitype[12].
X-ray analysis of the samples in the Cu-rich comer
the Sm—Cu-Sn system showed the formation of the
SmCuySn stannide with CeGAu-type and the
Smy Cuy .Sy g compound with a structure related to
the CeNiSn-type. During the present work, the crystal
structure of the SmGBn stannide was refined by
X-ray powder diffraction. The crystal structure
determination confirmed that the SmSn compound
crystallizes with a CeGAu-type structure (space
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group Pnma
¢ =1.0601(1) nm),
presented ifable 3

Phase analysis of the $8BussSny samples
annealed at 770 and 870K clearly showed the
presence of the hexagonal phase, &m,Snpg at
both annealing temperatures. Taking into accouat th
closeness of the composition of the ;38U S g
compound (SmCusSn and the approximate
composition SmCussShy, reported in[6], we may
state that the “SpgCussSyy” phase corresponds to the
Sm; Cuy Sy g Stannide.

The ternary compound S@wSn, was not
observed at 870 K. According to the X-ray diffracti
and microprobe analyses, the sample belongs to the

a=0.8267(1),
with

b =0.50087(6),
the atomic parameters
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three-phase field containing SmSm, CwSn, and
Sn. The SrCwSn compound was then studied by
differential scanning calorimetry and the results
confirmed the limited temperature range for this
phase. The DSC curve measured in heating regime
showed a thermal peak at about 811HKy(3), which

can be associated with the decomposition of the

35 T T T T T T T T T

30+

25

204

DSC/mW

6(I)O 7(')0 8(I)O
T,K
Fig. 3DSC curve for SaCu,SrE.

T T
300 400 500 900

SmCw,Sn; phase, confirming the results of the phase
composition of the samples near this composition at
870 K. We also performed DSC analysis on the
isostructural compounds with Pr and Nd. Similady t
the Sm compound, the J@&uSns and NJCusSry
stannides are characterized by limited temperature
ranges of exisistence. The DSC curves ofCBySry
(heating regime) showed two thermal peaks at about
496 and 783 KKig. 49, which can be associated with
the formation of the phase and its subsequent
decomposition, respectively. The DSC measurements
of the NdCusSns compound also confirmed a limited
temperature range for this phase, showing thermally
induced transitions at 671 and 791 K, associateld wi
formation and decomposition, respectivelyg( 45.

4. Final remarks

Comparing the present study of the Sm—Cu—Sn system
at 870 K, and the investigation at 770 K reported i
[6], the formation of five ternary compounds was
observed at both temperatures: SmCuSnCagSny,
SmCuSn,  SMLClSns and  SMCiBn,

Table 3 Atomic positional and isotropic displacement pagtars for the SmG&n compoundRs = 0.042,

R, = 0.037,R,, = 0.048).

Atom ‘évg’;'t‘lgﬁ xla yib ¢ Bieo A0 ()
Sm & 0.2525(6) v 0.5622(4) 0.93(1)
cul 8d 0.0707(8) 0.4905(9) 0.3125(9) 1.24(2)
Cu2 e 0.0610(8) " 0.0995(9) 1.68(2)
Cu3 & 0.3176(9) " 0.2400(8) 1.35(3)
Cud & 0.4206(9) " 0.0133(8) 1.03(3)
Sn & 0.1402(5) ” 0.8575(4) 0.99(4)

—_ %) I ) w
7 S G S
1 T S

1

DSC/mW
=
n 1

T T T
600 700 800

T,K

Fig. 4 DSC curves for B€usSn () and NCusSry (b).
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i.e. all the compounds forming up to 40 at.% Sn are [6] G. Zanicchi, D. Mazzone, M.L. Fornasini,

stable both at 770 and 870 K. On the contrary Siie P. Riani, R. Marazza, R. Ferrmtermetallics7
rich compound SpCuSrs is characterized by a (1999) 957-966.

limited temperature range, similarly to other [7] V. Romaka, Yu. Gorelenko, L. Romak¥jsn.
RCu,Srs. phases with Pr, Nd, Gd, Tb, and Dy. The Lviv. Univ., Ser. Khim49 (2008) 3-9.

results confirm the strong influence of temperatme [8] L. Romaka, V.V. Romaka, E.K. HlIil,
the stability of R-Cu—Sn intermetallic compounds. D. FruchartChem. Met. Alloy2 (2009) 68-74.
Comparing the Sm—Cu-Sn system investigated here [9] V.V. Romaka, D. Gignoux, L. Romaka,
and other, previously studieB-Cu-Sn systems, a N. Skryabina, D. Fruchart, Yu. Stadnyk.Alloys
close analogy is observed regards the stoichiometry Compd.509 (2011) 5206-5210.

and crystal structure of most of the ternary [10] T.B. Massalski, H.O. Okamoto,
compounds. The similar interactions of the elements P.R. Subramanian, L. Kacprzak (EdBjnary
in these systems lead to the formation of compounds Alloy Phase DiagramsASM, Metals Park, OH,
RCuSn (NdPtSb-type)R:Cw,Sn, (GkCu,Gey-type), USA, 1990.

R; «Cuy Sy g (related to CeNBn-type), andRCusSn [11] L. Romaka, V.V. Romaka, V. DavydoGhem.
(CeCuAu-type; not observed for Lu). Met. Alloys2 (2008) 192-197.

[12] V.V. Romaka, D. Fruchart, R. Gladyshevskii,
P. Rogl, N. Koblyuk,J. Alloys Compd.460
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