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The phase relations in the ternary system Yb-Zn-Ga have been studied at 400 °C for the partial
isothermal section in the 0-33.3 at.% ytterbium concentration range. X-ray powder diffraction (XRPD),
optical microscopy (OM) and scanning electron microscopy (SEM), complemented with energy disper-
sive X-ray spectroscopy (EDS), were used to analyse the microstructures, identify the phases and char-
acterize their crystal structures and compositions. The Yb-Zn-Ga partial section at 400°C is

characterized by the presence of an extended solid solution, YbZn,_xGa, (0<x < 1), and the existence of
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four ternary intermetallic compounds, YbZnyGas_x, 0.75< x < 2 (BaAls-type), YbZn,Gas_, 0.25<x<0.5
(CaCup15Gas gs-type), YbsZny;_xGay, 3.5<x <4.2 (LaszAlji-type) and YbZny;_xGay, 1.8<x < 2.7 (BaHgi-
type), the last three being reported here for the first time. Sixteen ternary phase fields have been
identified in the studied partial isothermal section at 400 °C.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Pure gallium metal and many gallium based alloys and inter-
metallic compounds have extensive technological applications and
fundamental interest. Gallium arsenide (GaAs) and gallium nitride
(GaN) are well known semiconductors. Gallium is used as a doping
component in electronic devises (as in transistors or photovoltaic
cells), for cold welding, with other metals (In, Sn) for producing
low-melting alloys, etc. Moreover, unusual physical properties have
been found in intermetallic gallides, as the unconventional super-
conductivity observed in PuCoGas. In order to develop new mate-
rials, there is an increasing interest for the investigation of the
related gallium based alloys and intermetallic compounds.

The ternary (rare earth)-(d-metal) gallides have been exten-
sively studied during the past decades. Two book reviews [1,2],
containing information about the crystal structure of the ternary
compounds and on some R-M-Ga phase diagrams, have been
published 20 years ago. A more deep analysis on the interaction
among the components in the Ga-based ternary systems has been
done in a recent work [3]. The systematic oriented investigations
were mainly performed on the R-{Mn, Fe, Co, Ni, Cu}-Ga systems,
and only some specific compositions were studied in the remaining
systems [4]. However, the interest on the crystal structure and
physical properties of other systems, as the ytterbium-(transition
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metal)-gallium ones, is increasing due to their interesting physical
properties, such as heavy fermion behaviour, spin fluctuations and
mixed valence.

In the present paper we report for the first time a study on the
partial isothermal section of the Yb-Zn-Ga system at 400 °C, with
0-33.3 at.% Yb, together with the crystal structure identification of
the new ternary phases stable at this temperature.

2. Literature data

A brief summary of the literature data focusing on the phase
equilibria of the binary Yb-Zn-Ga subsystems is presented below. A
list of the solid phases formed in the three binary systems involved
is given in Table 1.

The Yb-Zn phase diagram has been established by Mason and
Chiotti [5]. Six binary compounds exist in this system: YbZn (CsCI-
type), YbZn; (CeCup-type), YbsZny (LasAln-type), Ybi3Znsg
(Gd13Znsg-type), YbaZny7 (ThoZng7-type) and YbZny; (BaCdqi-type).
Five of them, YbZn, YbZn;, Ybi3Znsg, YbyZny; and YbZny; melt
congruently at 650, 751, 752, 754 and 755 °C, respectively. The
YbsZny; is obtained by the peritectic reaction L + Yby3Znsg = Yb3Zny;
at 695 °C. The YbZny and Yb,Znq7, according to [5] and [6], have two
polymorphic modifications (unknown-type and ThyNij7-type,
respectively). Also, authors [6] pointed out on existence of the
YbsZn17 (RusBeq7-type) and YbZni3 (NaZny3-type) intermetallics.

The first versions of the Yb-Ga phase diagram, in the whole
concentration range, were reported in [7] and [8]. Latter, contri-
butions to the Yb-Ga system, mainly in the Ga-rich corner, were
made in papers [9,10]. A generalized Yb-Ga phase diagram, based
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Table 1

Literature data on binary and ternary phases of the Yb-Zn-Ga system.
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Phase Transformation Structure type Space group Lattice parameters (A) Reference
Temperature (°C)* a b c
YbZn 650, mp CsCl Pm3m 3.629 - - [5]
YbZn; (o) 751, mp - - - - - [5]
YbZn; (B) 630, pc CeCu, Imma 4,570 7.290 7.562 [5]
YbsZny, 695, p LasAly4 Immm 4421 8.891 13.127 [5]
Yb13ZI'l58 752, mp Gd]ng’lsg P63mc 14.32 = 14.15 [6]
YbsZn,; ? RusBe;; Im3 14.291 - - [6]
Yb,Zn,7 (o) 754, mp ThyNiy7 P63/mmc 9.022 - 8.798 [4]
YbaZnq7 (B) ? ThyZn,7 R3m 9.040 - 13.216 [5]
YbZny, 755, mp BaCdi; 141/amd 10.637 - 6.822 [5]
YbZn3 ? NaZn3 Fm3c 12.172 = = [4]
YbGag 282, p PuGag P4/nbm 5.849 - 7.601 [12]
YbGas 333, p YbGas 14/mmm 4.3059 - 25.871 [10]
YbGay 755, p CaGay C2/m 6.148 6.106 6.084 [9]
6=118.86°
YbGas_x 735, pr YbGazea P6/mmm 13.025 - 8.360 [9]
(0<x<0.36)
YbsGag 868, p EusGag Immm 4.225 4.340 25.665 [9]
YbGa, 1100, mp Caln; P63/mmm 4.456 - 7.187 [13]
YbGa 895, mp TiCu P4/mmm 3.42 - 3.94 [7]
Yb,Ga 650, p Co,Si Pnma 7.063 5.050 9.427 [7]
YbZnyGay x ? BaAly 14/mmm 4.2428-4.2021 10.968-10.955 [16]
(0.25<x<1)
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Fig. 1. Compositions of the Yb-Zn-Ga samples quenched from 400 °C (1 - single-

phase, 2 - two-phase, 3 - three-phase samples).

mp = melting point, p = peritectic reaction; pc = polymorphic reaction; pr = peritectoid reaction.

on experimental data and thermodynamic calculations, is pre-
sented in paper [11]. The existence of nine compounds has been
established: YbGag (PuGag-type), YbGas (YbGas-type), YbGay
(CaGag-type), YbGas_x (YbGazgs-type), YbsGag (EusGag-type),
YbGa; (Calny,-type), YbGa (TiCu-type) and Yb,Ga (Co,Si-type) [7-
13]. Four compounds, YbGag, YbGas, YbGay and YbsGasg, are formed
peritectically at 282, 333, 755 and 868 °C, respectively. The binary,
YbGay, YbGa and Yb,Ga, compounds melt congruently at 1100, 895
and 655 °C, respectively. Additionally, the YbGas_y intermetallics
are formed by a peritectiod reaction and are stable below 735 °C.
Experimental investigations and thermodynamic studies of the
Zn-Ga phase diagram have been reported in papers [14,15]. There

Table 2
New ternary phases in the Yb-Zn-Ga systems.
Phase Structure type Space group Lattice parameters (A, A%) Remark
a b c 14
Yb13Znsg xGay Gdy3Znsg P63/mmc 14.317(2) - 14.173(3) 2515.9(8) x=0"
(0<x<7) 14.348(2) - 14.095(2) 2512.9(5) x=7°
YbZn,_yGay CeCu, Imma 4.5668(8) 7.2866(11) 7.5643(12) 251.71(7) x=0"
(0<x<1) 4.4803(5) 7.2281(7) 7.6440(8) 247.54(4) x=1?
4.4838(3) 7.2084(4) 7.6622(5) 247.65(3) x=1P
YbZnyGas_x CaCug15Gas gs C2/m 11.4747(3) 4.2381(1) 4.3445(1) 197.71(1) x=0.25°
(0.25<x<0.5) (11) 6=110.642(1)°
11.5091(7) 4.2070(2) 4.3405(2) 196.77(2) x=0.36°
$=110.564(3)°
11.5409(2) 4.2007(1) 4.3236(1) 196.21(1) x=0.5"
£=110.592(1)°
YbZnyGas_x BaAly [4/mmm 4.2141(1) - 10.9182(3) 193.91(1) x=0.75"
(0.75<x <2) (12) 4.1904(1) - 10.9718(3) 192.66(1) x=1P°
4.1802(1) - 10.9901(2) 192.04(1) x=1.25°
4.1678(1) - 10.9994(2) 191.07(1) x=1.6°
4.1761(1) - 10.9213(2) 190.46(1) x=2P
YbsZnqq_xGay LasAlyq Immm 4.3150(1) 9.4482(3) 12.7121(4) 518.26(3) x ~3.5°
(3.5<x<4.2) (13) 4.3109(1) 9.4763(3) 12.7016(4) 518.89(3) x ~42°
YbZnq1_xGay BaHg; Pm3m 8.4164(1) - - 596.18(1) x=2P
(1.8<x<2.7) (14) 8.4288(1) - - 598.82(1) x=24"
8.4360(1) - - 600.35(1) x=2.7"

2 As-prepared sample.

b Annealed sample.
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Fig. 2. X-ray diffraction pattern (a) and microstructure (b) of the annealed Ybys5ZngoGass alloy (1 - YbZn,_,Ga, (white phase), 2 — Yby3Znsg_xGa, (dark phase), 3 - Yb,03).

are no binary compounds in all the Zn-Ga system. Only one eutectic
reaction, with the ~3.7Zn:96.3Ga composition, is observed in this
system at 25 °C.

Up to the author’s best knowledge, there is no data in the
literature on the interaction of the components in the Yb-Zn-Ga
system. Only one compound, YbZnyGag_x (0.25< x < 1), reported to
crystallize in the BaAly structure type [16], has been described up to
now on this system. No information on the forming characteristics
of this compound was given.

3. Experimental details

A total of fifty four binary and ternary samples have been
prepared and analysed in the present work, their compositions
being shown in Figure 1. Metals with nominal purities >99.95 wt.%
(ytterbium ingots, zinc tear drops and gallium pieces) were used as
starting materials. Each sample was synthesized by directly melting
the elements inside quartz ampoules under vacuum (10> Torr).
The reactions were first performed at 900 °C, the ampoules being
hold at that temperature for one hour, followed by their cooling to
400-500 °C in air and further under running water. The obtained

products, with metallic-like lustres, were studied by X-ray powder
diffraction technique. No reaction with the quartz ampoules was
observed. Finally, fragments of the as-prepared ingots were sealed
in evacuated quartz tubes and annealed at 400 °C for 20 days,
inside a vertical oven. After the heat treatments, the samples were
quenched by submerging the quartz tubes in cold water and
analysed.

A PANalytical X'Pert Pro diffractometer (CuKk,-radiation) was
used for the X-ray phase and structural analyses of the powdered
polycrystalline samples. The scans were taken in the /20 mode
with the following parameters: 26 region, 15-120°; step scan,
0.03°; counting time per step, 2-20s. The theoretical powder
patterns were calculated with the help of the PowderCell program
[17] and used for the identification of the phases. The lattice
parameters were obtained by least-squares fitting using the Latcon
program [18]. The FullProf [19] program was used for single and
multi phase Rietveld fittings.

The microstructure of the samples was first studied, on polished
and etched surfaces, by using an optical microscope Olympus
OM150. Selected samples were then observed by electron micros-
copy, by using a Hitachi S2400 scanning electron microscope
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Fig. 3. X-ray diffraction pattern (a) and microstructure (b) of the annealed Ybs33Zn333Gass 4 alloy (1 - YbZnGa (grey grains), 2 - Yby3Znsg_Gay, (dark phase), 3 - Yb,03).

Table 3
Crystallographic data and details of experimental conditions and structure refine-
ment for the YbZnGa phase.

Empirical formula YbZnGa
Structure type CeCu; (KHg)
Crystal system Orthorhombic
Space group Imma

Pearson symbol, Z tl2, 4

PANalytical X'Pert Pro (CuK,-radiation)
15-120, 0.03, 15

Diffractometer
20 range, step (°), counting time (s)

Unit cell parameters See Table 2
Reliability factors

Rg, Rp 3.82,2.18
Rp, Rwp 7.72,104

Atom position

Yb in 4e (0, %, 2), Biso (A%)
M in 8h (0, y, 2), Biso (A2)
Composition of M

z=0.5401(3), 1.49(5)
y =0.0470(3), z= 0.1647(3), 1.65(3)
0.5Zn +0.5Ga

operated at 25 kV. The phases were analysed by semi-quantitative
energy dispersive X-ray spectroscopy (EDS) using a Rontec detector
with a protective beryllium window. At least three valid EDS point
analyses were made for each phase in order to guarantee a good
analysis of their compositions. These analyses were carried out
with a spatial resolution of ~2 um and a collection time of 100 s.
Automated matrix corrections were carried out using the Réntec
Edwin EDS software package.

4. Results and discussion

Samples from the gallium-rich region usually contain the binary
YbGag, YbGas_x and YbGa; compounds, in agreement with the
literature data, which indicate that they are stable at 400 °C. The
existence of other five binary phases from the Yb-Zn system
(YbZnn, szZl’l17, Yb132n53, Yb3Zl‘1]] and Yban), also previously
reported to be stable at that temperature, was confirmed, their
crystallographic analysis agreeing with the reported data. The two
previously described YbZnys and YbsZni; compounds were not
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Fig. 4. Unit cell (a) and coordination polyhedral for Yb (b) and M (Zn and Ga) (c) atoms in the structure of YbZnGa. Dark circles indicate Yb atoms, while M (Zn and Ga) atoms are

represented by light circles.

detected in the present work. This, together with their absence in
the published binary Yb-Zn phase diagram, clearly points to
a metastable nature of YbZni3 and YbsZn{7. Most probably, they are
stabilized by small amounts of impurities or by kinetic reasons,
which still needs further investigations.

After the annealing procedure, the binary YbZni4, Yb2Zn17 and
YbsZn1; compounds were found to dissolve only a small quantity
of gallium (less than 5 at.%). The solubility of gallium in the
binary Ybi3Znsg compound is ~7 at.% in annealed samples and
up to ~10 at.% in as-prepared alloys. Lattice parameters for the
as-prepared Ybq3Znsg and Ybi3Zns;Gay alloys are presented in
Table 2.

An extended homogeneity range based on the binary YbZn,
compound, along the YbZn,-YbGa; section, was found, dissolving
gallium up to the YbZnGa composition. The X-ray diffraction
pattern and microstructure of the Yby5ZngpGass alloy, respectively,
are plotted in Fig. 2a and b. A two-phase mixture can be observed,
formed by YbZnGa (white region, CeCu,-type) and Ybq3Znsg_xGay
(dark region, Gdy3Znsg-type). Fig. 3a and b shows, respectively, the
X-ray diffraction pattern and microstructure of the
Ybs3.3Zn333Gass 4 alloy. According to the XRD data, the sample
consists of two phases: YbZnGa (main phase, CeCu,-type) and
Yb13Znsg_xGax (secondary phase, Gdi3Znss-type). Lattice parame-
ters of YbZnGa are shown in Table 2. The microstructural analysis of
the annealed sample confirms the XRD data: SEM/EDS studies
indicate that the composition of the grey grains is closed to the
Yb:Zn:Ga, while the composition of intergranular dark phase is
consistent with the Ybq3Znsg xGay compound. White dots on
surface of sample correspond to ytterbium oxides.

The Rietveld crystal structure refinement of the YbZn,_ Gay
solid solution has been performed for the YbZnGa nominal
composition sample, the results of being presented in Table 3.
Herein, the Yb atoms occupy the position of the Ce atoms, and
a statistical mixture of the Zn and Ga atoms fills the Cu atoms
position in the CeCu; structure type. Projection of the YbZnGa
structure on XY plate and coordination polyhedra for the
different atoms are shown in Fig. 4. Coordination polyhedra for
Yb atoms are distorted two-capped hexagonal prisms (coordi-
nation number 14). The M (Zn and Ga) atoms are inside of
10-vertex polyhedra. Interatomic distances for the YbZnGa are
presented in Table 4. These distances are close to the sum of the
atomic radii of the respective atoms. The shortest Yb-Yb, Yb-M
and M-M bonds are equal 3.659(1), 3.103(2) and 2.592(2) A,
respectively.

A non-existing, or negligible, zinc solubility in the binary YbGay
and YbGa, compounds can be deduced from the X-ray phase
analysis.

In the as-prepared and annealed alloys with compositions along
the cross-section with 20 at.% ytterbium and a small amount of zinc
a new ternary compound (71) was found. This new intermetallic
phase has a small homogeneity range, which extends from
YbZng 5Gas 75 to YbZng 5Gas s, and crystallizes with CaCug15Gas gs
structure type (space group C2/m) [20]. X-ray diffraction pattern of
the as-prepared YbygZn75Gay, 5 alloy is presented in Fig. 5a. The cell
parameters obtained during the XRD data fitting of annealed
YbZnyGay_x (0.25< x < 0.5) samples are shown in Table 2.

The early reported ternary YbZn,Gas x compound [16], with
BaAly structure type (space group I4/mmm) [21], was confirmed to
be stable at 400 °C. According to our investigations, a homogeneity
range of the above mentioned compound (7;), in annealed and as-
prepared YbZnyGas x alloys, was established with x from ~0.75 to
~2. Calculated lattice parameters of this intermetallic compound
are presented in Table 2. X-ray diffraction pattern of as-prepared
Yb,0Zn15Gags alloy is presented in Fig. 5b.

Fig. 6a and b shows the X-ray diffraction pattern and micro-
structure of the Yby5Zn30Gagys alloy, respectively. According to the
XRD data, this alloy consists of three phases: YbGa; (Caln;-type),
~YbZnGa (CeCu-type) and ~YbZn,Ga, (BaAls-type). Microprobe
analyses of the Yby5Zn3pGass sample agree with the XRD results,
revealing the formation of the YbZn,Gas_x compound (grey main
phase), with ~Yby9Zn3gGagq average composition, together with
big grains consisting of two phases (bright and dark dots), which
correspond to the YbGa; and YbZnGa intermetallics (according to
the XRD data).

The X-ray diffraction pattern and microstructure of the
Ybi5Zn7¢Gays alloy, respectively, are displayed in Fig. 7a and b. X-ray

Table 4
Interatomic distances (d) and coordination number (CN) of the atoms in the struc-
ture of YbZnGa

Atoms d(A) CN Atoms d(A) CN
Yb  -4M 3.103(2) 14 M oM 2.592(2) 10
_2M 3.114(3) M 2.613(3)

M 3.227(3) M 2.927(3)

-4aM 3.244(2) 2Yb  3.103(2)
2Yb  3.656(1) ~Yb 3.114(3)

-Yb 3.227(3)
(

-2Yb 3.244(2)
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Fig. 5. X-ray diffraction pattern of as-prepared Yb,0Zn7s5Ga7»5 (a) and YbyoZni5Gags (b) alloys.

phase analysis of the above cited alloy indicated the existence of
three phases: the major YbZn;Ga; (BaAls-type) and YbZny; (BaCdy;-
type), and minor amounts of YbyZny7 (ThaoZnyz-type). This result is in
good agreement with the microprobe analyses. According to the
SEM/EDS studies, this sample is mainly formed by a bright and grey
phases, which correspond to the YbZnyGa; (~YbyoZngyGasg) and
YbZny; (~YbgZnggGas) intermetallic compounds, respectively. The
XRD pattern and microstructure of the Ybi7ZngsGayo alloy are
shown in Fig. 8a and b, respectively. Based on XRD data as well as on
SEM/EDS studies it can be concluded that this alloy consists of only
two phases: the ternary YbZn;Ga; (bright phase) and binary YbyZnq7
(grey phase) compounds.

X-ray phase analysis of some as-cast samples, whose composi-
tion lies along the 21.5 at.% ytterbium concentration and has 20-
30 at.% gallium, shown the existence of a new ternary YbsZnq;_xGay
(3) compound with small homogeneity range (x ~ 3.5-4.2). This
intermetallic compound crystallizes with the LasAlj; structure
type. Calculated lattice parameters for ~YbsZn;s5Gass and
~YbsZnggGag ., which were obtained from an almost single-phase

sample, are shown in Table 2. The X-ray diffraction pattern of the
phase sample with the composition Yb,15Zns35Gays is presented in
Fig. 9. Annealed alloys with 21.5 at.% Yb and small amounts of Ga
fall into three-phase or two-phase regions, which consist of
Yb13Znsg_xGay, YbZny_xGay and YbsZny; compounds.

In the as-prepared as well as in the annealed at 400 °C samples in
Zn-rich corner we found a new intermetallic compound, YbZnqq_x.
Gay (1.8<x<2.7) (14), with a small homogeneity range, which
crystallizes with the BaHgy; structure type (space group Pm3m)[21].
Calculated lattice parameters for this phase are shown in Table 2. The
X-ray diffraction pattern of an annealed YbgZnz9Gay3 alloy is pre-
sented in Fig. 10a. It consists of three phases: YbZnq;_xGay (BaHg11-
type, main phase), YbZnq; (BaCdy;-type) and Zn (Mg-type). The X-ray
diffraction pattern of the Ybg3Zn755Gais2 nominal composition
alloy points to a single-phase sample, as can be see in Fig. 10b.

The crystallographic data on the new ternary Yb-Zn-Ga phases
are collected in Table 2. Herein, we present only the lattice
parameters of these compounds. Single crystal studies, accurate
crystal structure determination, magnetic and transport physical



Yu. Verbovytskyy, A.P. Gongalves / Intermetallics 18 (2010) 655-665 661

aZOOO LN L N L B S B L B L B L LB B B LS
1700 = [] Yb25Zn30Ga45 .

E . Yobs E
1400: — Yecalc 5
C — Yobs-Yeale 3

o B Bragg_position ]
'?,:1100'_— I ]
B o ]
= - n
800 - ]
é o B
E 500 :
£ C ]
a o B
200 [~ =t
o E i ook AL bl gz
:Il | | II L " ” IIIH ‘ (N \I “II ‘1 J\I | HﬁIH;
_4005\ [ [ J [ !I‘I\ 1 II \IIIII II 1M 14
-700 PP S A ST ST ST ST S i AT AT ST ST SR S
15 20 25 30 a9 40 45 50 55 60 65 70 75

Fig. 6. X-ray diffraction pattern (a) and microstructure (b) of the annealed Yb,s5Zn3oGags alloy (1 - YbGa; (grains), 2 - YbZnGa (grains), 3 - YbZn,Ga, (dark phase), 4 - Yb,03).

properties of ternary Yb-Zn-Ga phases will publish in a further
paper.

The isothermal section at 400°C of the Yb-Zn-Ga phase
diagram (0-33.3 at.% Yb), constructed by using the experimental
results obtained from the X-ray powder diffraction experiments
and SEM/EDX analysis, is shown in Fig. 11. In this partial isothermal
section sixteen ternary phase fields have been identified, those are
listed below in order of increasing of zinc contents:

1) L+YbGay + YbZnyGas x (71),
2) L+YbZnyGag_yx (11) + YbZnyGag_y (12),
3) YbGag + YbZnxGas_x (11) + YbGas_y,
4) YbZnyGay_x (t1) + YbGas_x + YbGay,
5) YbZnyGay_x (11) + YbZn,Gay_x (12) + YbGay,
6) YbZnyGas_x (12) + YbGaz + YbZn;_xGay,
7) YbZnyGag_x (12) + YbZnyy _xGay (t4) + L,
8) YbZnyGay_y (12) + YbZn11 _xGay (t4) + YbZnyy,
9) YbZnyGay_ (12) + YbZny; + YbaZnyy,
10) YbZnyGag_x (12) + YbsZny1 _xGay (t3) + YbaZnys,

11) YbZnyGag_x (12) + YbZny_xGay + YbsZny _xGay (73),
12) YbZn,_xGay + YbsZny_xGay (‘53) 4 Yb13Znsg_xGay,
13) YbsZni_xGay (73) + Yb13Znsg_xGax + YbaZny,

14) YbZnq1_xGay (14) + L+ Zn,

15) YbZny;_xGay (t4) + Zn + YbZnyy,

16) YbZn;,_,Gay + Yb13Znsg_xGay + YbsZn1.

Table 5 shows a comparison on interaction with ytterbium,
d-transition and gallium metals. Among the 30 possible Yb—-M-Ga
(M = d-metal) systems, the isothermal sections were investigated,
in the partial or whole concentration region, only for the nine
systems, and 95 ternary compounds were found [1-4]. The rare
earth gallium systems with d-element from the IB and VIIA
periodic groups are usually rich in the number of ternary
compounds. Up to now, all the known ternary gallides with
established crystal structures were identified in the 0-40 at.%
ytterbium region. They exist with a variety compositions and
structure types: Mo,NiB,, MgZn,, CeCu,, TiNiSi, Mg,CusSi, CaCus,
PrFe;, ThMl’l]z, ScFegGag, ThZan, NasAs, NaZnis, BaHgn, AuBes,
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Fig. 7. X-ray diffraction pattern (a) and microstructure (b) of the annealed Yby5Zn;oGass alloy (1 - YbZn,Ga, (bright phase), 2 - YbZny; (grey phase), 3 - YbyZny7).
YCdg, Cdy4Ags;, YbAgs31Gazs  YbAgseGaiog, YbAgrsGazj, considering three unit cells and merging part of the 4e positions

YbAuys,Gayg, BaAls, CaCugi5Gasgs, LasAly;, YbsAussGass, CeNis,
DyCOG.GGaLg, Sm15Ni5zca44, HON12.5G32.4, Ce3Ni6512, MgCUAlz,
CeNiSip, YbAgGap;, LupCoGas, Cep_4PtyGag,y, Ho4NijgGayy,
Y,Co3Gag, Tl’l‘lNi3Ga7, SCRh3Si7, YNiAl4, szRU3Ga10, EI‘Ni3A19,
Y4PdGayz, HoCoGas, HoyCoGag, CeFeyAlg [1-4].

The formation of solid solutions, with extended homogeneity
ranges, based on some binary compounds and ternary phases is
also common in the Yb-M-Ga systems. For example, a wide
YbM;_xGay solid solution based on the binary YbAg, compound,
crystallizing with the CeCu,-type structure, has been reported in
[22], its limit composition being YbAgp,Gaig. Up to the our best
knowledge, transformation of the structures along the “row” CaGaga
(YbGag)-CaCug15Gaszgs (YbMyGas_x)-BaAly (YbMyGas_x)-LasAlyg
(Yb3zM11_xGay) has been established in the Yb-M-Ga systems with
M = Cu, Ag, Au, Pd, Pt [3] and Zn. The relationship among the above
mentioned structures is schematically presented in Fig. 12. The
CaGay and CaCug15Gasgs are distorted variants of the BaAly struc-
ture type. The LasAly; structure can be obtained from BaAly by

from this last structure type into the 2d positions of the LasAly;
structure. Therefore, the difference between the BaAls and LasAly;
compositions is a result of this merging. Albeit the large number of
systems having compounds with the four above mention structure
types, ternary gallides with BaHgy; structure type have been found
only in two of them, Yb-Pd-Ga [3] and Yb-Zn-Ga.

5. Conclusion

Fifty four binary and ternary samples belonging to the Yb-Zn-
Ga system have been analysed by means of optical and electron
microscopy, powder X-ray diffraction and EDS measurements. The
existence of the seven compounds from the binary Yb-Ga and Yb-
Zn systems reported to be stable at 400 °C has been confirmed
during the study of the partial isothermal section of the Yb-Zn-Ga
phase diagram at that temperature. The interaction of the compo-
nents in this system leads to the formation of four ternary
compounds (three of them reported here for the first time):
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Fig. 8. X-ray diffraction pattern (a) and microstructure (b) of the annealed Yby7Zng3Gayg alloy (1 - YbZn,Ga, (bright phase), 2 - Yb,Zn;; (grey phase)).
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Fig. 9. X-ray diffraction pattern of annealed Yb,;5Zns35Gays alloy (1 - YbsZnyy_Gay, 2 - YbaZny7, 3 - Yby3Znsg ,Gay).
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Fig. 10. X-ray diffraction pattern of annealed YbgZn;9Gai3 (a) and Ybg3Zn;s5Gase2 (b) alloys (1 - YbZny;_xGay, 2 - YbZnyy, 3 - Zn).

Ga

Fig. 11. Isothermal section of the ternary Yb-Zn-Ga phase diagram at 400 °C with 0-33.3 at.% Yb. 11 — YbZng25-05Gas75-35; T2 — YbZng75.2Gaz25-2; 73 — Yb3Zn75_68Gass_42;

t4 — YbZng g3Gaig-27.

Table 5

Summarized data on interaction among the components in the Yb-M-Ga system.
A IVA VA VIA VIIA VIIIA 1B 1B
Sc Ti v Cr Mn4 Fe3 Col3 Ni19 Cul0 Zn4
— — — — A A A A A A"
Y1 Zr Nb Mo Tc Ru Rh3 Pd7 Ag9 cd
A = = = = 2 A 1
La Hf Ta w Re Os Ir3 Pt6 Aul0 Hg
— — — — — — A —

A or A -isothermal section built in the whole concentration region or in part of it, respectively; (N) - number of ternary compounds; — - no data available; * - this work.
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Fig. 12. Relations among CaGa, (a), CaCug5Gasgs (b), BaAly (c) and LasAly; (d) structures. Dotted lines indicate the unit cell limits.

YbZngas 05Gas7s-35 (CaCugisGasss-type), YbZng7s 2Gasas 2
(BaAls-type), YbsZn7s 68Gass 4.2 (LasAlyq-type) and
YbZng,_g3Gaig_»7 (BaHgqi-type). An extended solid solution,
based on the YbZn, compound, ranges up to the limit YbZnGa
composition. The available data on the Yb—-M-Ga systems points to
the possibility of existence of new compounds and homogeneity
ranges based on the partial substitution of the d atoms in the yet
unexplored systems.
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