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The isothermal sections of the phase diagrams of the Lu—-V-Ge and Lu-V-Sn ternary systems were
constructed at 870 K over the whole concentration range using X-ray diffraction and EPM analyses. In the Lu-V-
Ge system a formation of the substitutional solid solution LusGes,Vy based on the LusGes binary compound
(MnsSi3 structure type) was found up to 6 at. % V. Insertion of the V atoms in the structure of the LuGe, binary
germanide (ZrSi, structure type, up to 5 ar. % V) results in the formation of the LuVsGe; ternary phase
(CeNiSi, structure type, space group Cmcm, a=0.40210(4), b=1.5661(1), ¢=0.38876(3) nm), which
corresponds to the limit composition of the interdtitial solid solution LuV,Ge,. The interaction between the
elements in the Lu-V-Sn system results in the formation of one ternary compound LuVgSng (SmM ngSng-type,
space group P6/mmm, a = 0.5503(2), ¢ = 0.9171(4) nm) at investigated temperature.
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I ntr oduction

Study of the phase diagrams of the metallic systems
can provides important information concerning the
formation, temperature and concentration stability of the
compounds for developing of new materials. Among R—
M—{Ge, Sn} systems (M-d-metal) the most systems were
studied with M = Mn, Fe, Co, Ni, or Cu [1, 2]. Analysis
of the literature showed, that the higher number of the
formed intermediate ternary phases was observed in the
R-Ni-{ Ge,Sn} systems. Passing from nickel to cobalt,
iron and manganese the quite decreasing number of the
formed ternary compounds up to one for the {Y, Gd,
Dy}—-Fe-Sn systems was observed [3, 4]. The R-V-Sn
systems were studied with R = Gd, Er [5]. Both Gd-V-
Sn and Er—-V-Sn systems are characterized by formation
of one ternary compound with stoichiometry RVgSng
(SmMngSne-type).  Isotypic  compounds  with  the
SmMneSne-type were also found with Dy, Ho, Tm, and
Lu, while YVSng stannide crystallizes in the HfFe;Geg
structure type [5]. Among R-V-Ge systems the phase
diagram was constructed for the Y-V-Ge system only at
870 K [6]. Interaction of yttrium with vanadium and
germanium resulted in formation of one ternary
compound with the CeNiSi, structure type. The crystal
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structure and magnetic property studies of intermetalics
RVGe; (R=La, Ce, Pr, Nd) with perovskite-type BaNiO3
structure were reported in Ref. [7]. With regard on the
literature data in comparison to the intensively studied
R-M—{Ge, Sn} where M are Fe, Co, Ni and Cu, much
lessinformation concernsthe V-containing systems.

In this paper we present the results obtained in the
investigation of the Lu-V-Ge (870 K) and Lu-V-Snh
(870 K) ternary systems and analysis of an influence of
p-element on the component interaction.

|. Experimental details

The aloys were prepared by a direct twofold arc
melting of the constituent elements (lutetium, purity of
99.9 wt.%; vanadium, purity of 99.99 wt.%; tin and
germanium, purity of 99.999 wt.%) under protected
argon atmosphere on a water-cooled copper crucible. For
better homogenization the samples were melted twice.
The weight losses of the initial total mass after arc-
melting were lower than 1 wt. %. The pieces of the as-
cast buttons were homogenized for one month at 870 K
in evacuated silica tubes and then water quenched. Phase
andysis was performed using X-ray powder diffractions
of the synthesized samples (DRON-4.0, Fe K, radiation).
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Tablel
Crystallographics characteristic of the binary phasesin the Lu-Ge and V-Ge systems at 870 K
Lattice parameters, nm
Phase Space group Structure el S Reference
type a b c
i 0.3987 1.5558 0.3851 [14]
LuGe, Cmcm VARSP) X
0.3997(2) 1.5599(5) 0.3878(3) this work
0.383 0.405 [15]
LuGe; 5 P6/mmm AlB; -
0.3819(2) 0.4042(3) Thiswork
0.3968 1.0438 1.4040 [16]
LusGey Ccmecm Er;Ge, -
0.3964(3) 1.0441(5) 1.4049(7) Thiswork
LusGe, L4l Ho G 1.0668 1.5980 [14]
o}
O 1580 1.0651(8) 1.5967(7) this work
) 0.8216 0.6158 [17]
LusGe; P6s/mcm MnsSi3 -
0.8233(1) 0.6161(2) this work
1.3398 1.6135 0.5017 [18]
V1,Geg Pnam Cr,Geg -
1.3395(4) 1.6096(8) 0.4999(2) Thiswork
i 0.9565 0.4867 [19]
VsGe; 14/mecm WsSi; :
0.9569(4) 0.4861(3) this work
) 0.4783 [20]
V,Ge Pm3n CrsSi -
0.4967(1) this work

Lu

Fig. 1. Isothermal sections of the Lu-V-Ge phase diagram at 870 K.

The observed diffraction intensities were compared with
reference powder patterns of the pure elements, binary
and known ternary phases. The chemica and phase
compositions of the obtained samples were examined by
Scanning Electron Microscopy (SEM) using REMMA-
102-02 scanning microscope. Quantitative e ectron probe
microanalysis (EPMA) of the samples was carried out by
using an energy-dispersive X-ray analyzer with the pure
elements as standards (an acceleration voltage was 20
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kV; K- and L-lines were used). The data for the crystal
structure refinements were collected at room temperature
using STOE STADI P diffractometer (CuK,, radiation).
Calculations of the crystallographic parameters and
theoretical diffraction patterns were performed using
WinCSD program package [8]. Rietveld refinement was
performed using the Full Prof Suite program package[9].
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Table 2
Phase composition of the selected Lu-V-Ge alloys according to EPMA data
Phase/Component content | Lu, a.% | V, a.% | Ge, a.%
LusV 70Gezs
V3Ge 76.17 23.83
LusVGesz « 63.23 4.02 32.75
L UgoV 10GEz
LusV,Ges« 62.55 574 31.71
) 99.98
(Lu) 99.96
L U0V 30GEsg
Luy;1Geqq 54.87 45.13
LusV,Ges« 62.45 3.78 33.77
V3Ge T4.77 25.23
LUgV 44G€s7
V1.Geg 56.97 43.03
VsGez 63.56 36.44
LuV,Ge, 31.87 4.86 63.27
L UpsV 25Gesg
LuV,Ge, 31.61 4.94 63.45
LuGe; 5 58.21 41.79
VsGez 64.03 35.97
L UspV 10Gesg
LuV,Ge, 31.74 4.88 63.38
LuGe; 5 58.25 41.75
VsGez 63.83 36.17
L UyoV 20Gego
LuV,Ge, 31.62 491 63.47
V1.Geg 56.83 43.17
(Ge) 99.98

‘WD=24.9mm

20.00kV

x600

71

Fig. 2. Electron microphotographs of the Lu-V-Ge alloys:
a) LusV70Gexs — V3Ge (dark phase); LusVGes« (light phase);
b) LusV10Gess — LUV, Ge; (grey phase); LuGey s (light grey phase); VsGe; (dark phase),
C) LugV1Geyr —V11Ges (dark grey phase); LuV,Ge;, (light phase); VsGe; (grey phase);
d) LuspV30Gey — V3Ge (dark phase); LuyGeyg (grey phase); LusV,Ges (light phase).
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Fig. 3. The observed, calculated and difference X-ray patterns of the LugVsGes, sample

Table3
Crystallographics characteristic of the binary phasesin the Lu-Sn and V-Sn systems at 870 K
Lattice parameters, nm
Phase Space Structure par S, Reference
group type a b c
) 0.4343 1.5997 0.4273 [22]
LuSn, Cmcm VARSP) X
0.4341(2) 1.5990(4) 0.4269(3) this work
1.12953 1.6424 [21]
Luy1Snyg 14/mmm Ho1,Gepg -
1.1291(2) 1.6389(4) this work
) 0.8700 0.6355 [23]
LusSns; P63/mm MnsSi3 .
0.8678(3) 0.6351(3) this work
0.9488 0.5485 1.8667 [24]
VSn, Fddd CuM [87) .
0.9487(4) 0.5486(1) 1.8675(3) this work
) 0.4980 [25]
V3Sn Pm-3n CrsS -
0.4967(1) this work

1. Results and discussion

2.1. Lu-V-Gesystem

The binary boundary Lu-Ge, Lu-V and V-Ge
systems have been investigated earlier and ther phase
diagrams are well known in the literature [10-13]. In the
V-Ge system we confirmed an exigence of the V;Ge
(CrsSi-type); VsGes (WsSistype); and Vi;Ges (CriiGes-
type).binaries. Phase analysis of the sample, which
corresponds to the Vi;Ges; compound, showed two
phases in equilibrium: V1;,Ge; and Ge. In the Lu-Ge
binary system the LuGe,, LUGe; 5, LusGey, Lu;1Geyo, and
LusGe; compounds were successfully identified in the
course of our investigations. Crystallographic
characteristics of the Lu-Ge and V-Ge binary compounds
are listed in Table 1. Calculated lattice parameters are in
agreement with literature data.
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The phase equilibria in the Lu-V—-Ge system have
been established a 870 K wusing the X-ray and
metallographic anadlyses of the examined binary and
ternary alloys. The isotherma section of the Lu-V-Ge
ternary system at corresponding temperatureisillustrated
in Fig. 1. The phase compositions of the selected aloys
are presented in Table 2. The electron microphotographs
of the some alloys are shown in Fig. 2.

No binary phases were observed in the Lu-V system
at investigated temperature [11], the corresponding
ternary samplesin the region Lu-LusSnz-V contain three
phases in equilibrium — LusV,Ges, Lu, and V.

The solubility of the third component in the V-Ge
binaries and in the most of the Lu-Ge binary compounds
islessthan 1-2 at. % under our conditions. The solubility
of V in the LusGe; compound (MnsSiz structure type)
extends up to 6 at. % aong isoconcentrate of 62 at. % Lu
(a=0.82522(9), ¢=0.6171(2) nm for LugVeGes
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Fig. 4. Isothermal sections of the Lu-V-Snh phase diagram at 870 K.

Tabled
Phase composition of the selected Lu-V-Sn alloys according to EPMA data
Phase/Cont. component | Lu, a.% | V, a.% | Sn, at.%
L U0V 40950
LusSn; 63.23 36.77
(Lu) 99.98
V) 99.99
L U3oV 35935
Luy1Snyg 46.81 53.19
LusSn; 62.45 37.55
V3Sn 74.26 25.74
L UpoV 40940
Luy1Snyg 45,92 54.08
V3Sn 76.56 23.44
LuSn, 34.47 65.53
LUsV 50945
V3Sn 73.47 26.53
LuVgSng 8.21 45.43 46.36
VSn, 34.23 65.77
L U3V 5Nes
LuSn, 34.66 65.34
V3Sn 73.30 26.70
LuVgSng 7.87 45,57 46.56
L UzoV 20960
LuSn, 33.87 66.13
LuVgSng 8.18 46.06 45.76
(Sn) 99.97

sample).

The formation of an interditiad solid solution
LuV,Ge, (up to 5 a. % V) based on the LuGe, (ZrSi,-
type) binary compound was found. The limit
composition of this solid solution was estimated from the
systematic analysis of the cell parameters and by the
results of electron microprobe analysis (Table 2, Fig. 2,
b, ¢). Crystal structure refinements of the LugsVsGes,
sample showed that insertion of the V atoms in the
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tetragonal-antiprismatic voids of the structure of the
LuGe, binary germanide (ZrS, structure type,
crystallographic site 4(c) 0 y 1/4) results in the
redization of the CeNiSi, structure type (space group
Cmcm, a=0.40210(4), b=1.5661(1), c=0.38876(3)
nm; Lu in 4(c) y=0.3965(1); V in 4(c) y=0.190(2),
G =0.149(2); Gel in 4(c) y=0.0525(2); Ge2 in 4(c)
y = 0.7532(2); Rerag=0.0348, R-=0.0234).

The observed, calculated and difference X-ray
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Fig. 5. Electron microphotographs of the Lu-V-Sn aloys:
a) LugV 4090 — LusSns (grey phase); Lu (light phase); V (dark phase);
B) LoV 40940 — LU11Snyo ( grey phase); VaSh (dark phase); LuSn; (light phase);
) LUxV 20SNe0 — LUV SN (dark grey phase); LuSn, (light phase); Sn (grey phase);
d) LuspV 35935 — LU11Snyo (grey phase); VsSn (dark phase); LusSns (light phase).

patterns of the LussVsGes, sample are shown in Fig. 3.

2.2. Lu-V-5n system

To check the literature data of the binary boundary
phases of the Lu-V-Sn system all known binary
compounds in the Lu-Sn and V-Sn systems were
synthesized and analyzed. In the V-Sn system the
presence of the V3;Sn (CrsSi-type) and VSn, (Mg,Cu-
type) compounds was confirmed according to Ref. [10].
The data concerning the Lu-Sn binary system were used
according to Refs. [10, 21]. In course of our study the
LuSn, (ZrSi,-type), LusSn; (MnsSis-type) and LugiSnyo
(Hoy Geyo-type) binaries were confirmed.
Crystallographic characterigtics of the observed binary
compounds are summarized in Table 3. The solubility of
the third component in these compounds is less than
1-2 at. %.

The isothermal section of the Lu-V-Sn system at
870 K, presented in Fig. 4, was constructed based on the
phase and Electron Microprobe analyses of the prepared
ternary and binary samples. The results of the EPMA
data for selected alloys are presented in Table 4. Electron
microphotographs of the selected aloys are shown in
Fig. 5.

According to reported phase diagram [11] no binary
phases were formed in the Lu-V system. Performed
phase anaysis of the ternary samples in the region Lu-
LusSns-V showed three phases in equlibrium— LusSns,
Lu, and V. This result was confirmed by EPMA data
(Fig, 3, a).

Under used in our work conditions one ternary
compound LuVgSng with the SmMngSns structure type
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was confirmed (space group P6/mmm, a= 0.5503(2),
¢ =0.9171(4) nm).

Conclusions

Experimental study of the Lu-V-Ge and Lu-V-Sn
ternary systems was performed at 870 K. Analysis of the
studied systems showed a significant influence of nature
of p-element on interaction with lutetium and vanadium.
Similarly to the R-M-Sn systems where M = Mn, Fe, and
Co, the R-V-Sn sysems (R=Gd, Er, Lu) ae
characterized by formation of the ternary RVeSng
intermetallics which crystallize in the SmMngSns type
structure (space group P6/mmm, R=Gd, Dy, Ho, Er, Tm,
Lu) or HfFe;Ges-type (space group P6/mmm, R=Y) [5].
In contrast to the systems with Sn the germanides with
stoichiometry RMgGes are formed with M=Cr, Mn, Fe,
and Co, whilein the R-V-Ge systems were not found.

On the other hand the formation of the RM,Ge,
compounds is a feature of the R-{Mn, Fe, Co, Ni,
Cu}—-Ge systems. Germanides with the genera
composition RMy1,Ge, (CeNiSi, structure type, space
group Cmcm) have been reported to form with various d-
electron trangition metals [26]. The CeNiS, type
structure of these compounds can be described as the
result of d-metal intercalations into the RGe, binaries
with ZrS-type. Intercdation of M-metal in square
pyramidal sites of the ZrSi, type of the RGe, binaries
resultsin the formation of an additional 4c position in the
structure which corresponds to the ternary CeNiSi;
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structure type. This intercalation depends on the relative
size of the M atoms resulting in non-stoichiometry with
vacancies in M-metal sites or the dtatistical mixture of
the transition metal and germanium atoms. In the Y-V—
Ge system the ternary compound YV,i16Gerss with
CeNiSi,-type was found [6]. In case of the studied Lu-V-
Ge system the LuGe, binary directly belongs to the
ZrSitype and, consequently in the ternary region
insertion of the V atoms results in the formation of the

and Cu [27-30]. In the case of the R-V-Sn systems the
solubility of V in the RSn, binariesis only up to 2 at. %
which may be caused by higher atomic radii of V
(ry= 0.134 nm) comparing with Fe, Co, Ni or Cu.
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partially defect LuV15Ge, phase which corresponds to
the limit composition of the LuV,Ge, interditial solid
solution.

Similarly to the Lu-V-Ge system a formation of
intergtitial solid solutions based on the RSn, (R- Gd-Lu)
binary compounds with ZrS, structure was observed in
the most studied R-M-Sn system where M = Fe, Co, Ni,
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JIL. POMaKal, M. KOHI/IKl, 1O. CTaJIHI/IKl, B.B. POMaKaZ, P. Cep1<i33

Iotpiiini cucremu L u-V-{Ge, Sn}

Ylvsiscoruii nayionansnui ynisepcumem im. I.dpanka, syn. Kupuna i Megoois, 6, Jvsis, 79005, Vpaina,
e-mail: mariya.konyk@lnu.edu.ua
2Ha14i0Ha/1meZ yuigepcumem “ Jlvgigcoka nonimexnixa” , gyn. Yemusnosuua, 5, 719013 Jlvsis, Yrpaina
Hayko60-mexHiuHuil i HAGUAIbHUI YeHMP HUZbKOMEMAEPAMYPHUX O0CTIONCEHb,
JIvgiscoruti hayionanoruti ynigepcumem imeni 1. @panka, eyn. /lpacomanosa, 50, 79005, Jlvsis, Yrpaiua,

IBorepmiuni mepepisu giarpam crany norpiiHux cucreM Lu-V—-Ge i Lu-V-Sn nobynoBani 3a TemnepaTypu
870 K B NOBHOMY KOHIIEHTpalifHOMY iHTEpBali METOJAMH PEHTTCHO(A30BOr0, PEHTTEHOCTPYKTYPHOIO i
MiKpocTpyKTypHOro aainisis. B cucremi Lu-V-Ge Ha ocHoBi GiHapHOi cronyku LusGes (cTpykTypHUI THIT
MnsSi3) BCTaHOBIIEHO YTBOPEHHS TBEPIOro po3uuHy 3amimeHHs LusGe;..Vy no Bmicty 6 ar. % V. BriroueHHs
atomiB V B cTpykTypy OiHapHoro repmaniny LuGe, (ctpykrypHuii tun ZrSi,, no smicry 5 ar. % V) npuBonuts
no yrBopeHHs TepHapHoi dasu LuVoisGe, (crpykrypumit tin CeNiSip, mpocroposa rpyma Cmem,
a=0,40210(4), b=1,5661(1), c=0,38876(3) HM), sika BiJIOBigae TpPaHUYHOMY CKJIaay TBEPIOrO PO3UHHY
BriroyeHHst LuV,Ge,. B3aemoniss kommoHeHTiB y cucremi LU-V-Sn 3a Temmeparypu IOCIIKEHHS
XapaKTepU3yeThCsl YTBOPEHHAM TEPHAPHOI coiyku LUV eSng (cTpykTypHHil THII SMMNgSNs, mpocTopoBa rpyna
P6/mmm, a = 0,5503(2), ¢ = 0,9171(4) um).

KurouoBi ci1oBa: inTepmeraniny, norpiiiHa cucrema, $pa3oi piBHOBArd, TBEpAi pO3UUHHU.
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