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TERNARY SYSTEM Er-Zn-In
IN THE REGION 0-33.3 AT. % OF Er AT 870 K
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The isothermal section of the Er—Zn—In system was constructed based on X-ray powder data
and EDX-analyses at 870 K in the region up to 33.3 at. % Er. Three solid solutions: ErZnz-1.70lne-0.30
(CeCus-type; space group Imma; a = 4.448-4.594(3), b = 6.984-7.176(5), ¢ = 7.610-7.463(5) A);
Er2Znaz-16.54IN0-0.46 (ThaZnaz-type; space group R-3m; a = 8.9465-8.9704(3), ¢ = 13.1199-13.1320(6) A);
ErZno-osslnz-2.12 (AuCus-type; space group Pm-3m; a = 4.563-4.504(1) A) and one ternary compound
with homogeneity region ErZnizs-osolno72-1.20 (Calnz-type; space group P6s/mmc; a = 4.513(2)-
4.662(1), ¢ = 7.023(3)-7.226(2) A) are formed in the investigated part of this system. The crystal
structure of the ErZnoos2lns-20s solid solution was also determined using X-ray single crystal
diffraction data on the sample with composition ErZno.s7Inz.s.
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1. Introduction

The interaction of indium with rare earths and 3d-metals has complex character due
to different electron structure of interacting components. Much information is available on
the crystal structure and the physical properties of ternary compounds in the R-T-In
(R = Rare Earth metals, T = Ni, Co or Cu) [1]. Recently, some ternary systems R—Mn-In
(R = Gd, Dy) and R—Fe-In (R = Gd, Th, Dy) [2-5] have been investigated as well.
Meanwhile, the research on the ternary systems R-Zn-In is still missing. Only one partial
section at 670 K of the phase diagram has been studied for Yb—Zn—In system [6]. This
system is characterized by the presence of three extended homogeneity ranges, indium
solubility in Ybis3Znsg and YbZn, and of zinc solubility in YblIny, and the existence of one
ternary intermetallic compound, YbZngsInis (UHQ> structure type, space group P6/mmm).
The few ternary compounds with equiatomic composition with Caln,- (R = La-Gd, Dy-Er,
Yb) or KHg.- (R = Eu) types have been found in the systems with zinc [7-9].

Therefore, in the present paper we describe the results of the investigations of the
Er—Zn—In ternary system. The isothermal section in the region up to 33.3 at. % of Erat T =870 K
has been constructed, with the focus on the concentration range of phases existence.

2. Experimental

Starting materials for the preparation of the alloys were ingots of the rare earth
metals, zinc, and indium, all with nominal purities better than 99.9 %. The 20 samples were
synthesized by direct melting inside quartz ampoules under vacuum. The specimens were
heated in a box furnace up to 1070 K for 5 hours and annealed at this temperature during 1 hour.
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Then they were cooled to 870 K (at a rate of 20 K/hours) and annealed at this temperature
during 168 hours. After that, the cooled ampoules were broken, the alloys were grinded
with mortar and pestle and pressed into pellets. The pellets were sealed in evacuated silica
tubes and annealed for a month at a temperature of 870 K. After annealing no reaction with
silica was observed. The X-ray diffraction data for structure refinement were collected on
diffractometers Bruker D8, STOE STADI P and Huber Imaging-Plate Guinier camera. The
crystal structure refinements were carried out using the Fullprof software [10]. Single
crystal X-ray diffraction was performed at room temperature on the Bruker SMART APEX
CCD diffractometer with MoKa radiation. The structure was solved by direct methods, and
refined by using the SHELXS97 program package [11]. The compositions of some samples
were additionally studied by energy dispersive analyses of X-rays (EDX) using a PEMMA-
102-02 scanning electron microscope.

3. Result and discussion

The isothermal section of the Er—Zn—In ternary system was built at T = 870 K in the
region 0-33.3 at. % Er (Fig. 1, Table 1) by means of X-ray powder diffraction data. It was
confirmed that at 870 K the following binary compounds exist: ErZn, (CeCuz-type), ErZns
(YZns-type), EriaZnsg (GdisZnsg-type), ErZns (ErZns-type), Er.Zniz (ThaZniz-type), ErZni,
(ThMnaz-type), Erslns (PusPds-type), and Erlns (AuCus-type). The binary compounds
ErzZn,, Er,Znyz and Erlng form the substitution type solid solutions across the sections of
erbium. The rest binary compounds do not dissolve the third component. According to
changes in the lattice parameters and cell volume the homogeneity regions of solid
solutions based on ErZn, and Erln; extend to 10.5 at. % In and 22 at. % Zn respectively
(Fig. 2) and the composition of solid solutions can be described as ErZny-1.70lno-0.30 and
ErZno.o.sslnz-2.12 respectively.
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Fig. 1. The isothermal section of the Er—Zn—In system at T =870 K
Table 1
Crystallographic data of the phases in the Er—Zn—In system
Phase Structure  Space Lattice parameters, A
type group a b c
*_
ErZnz-1.70lno-0.30 CeCu2z  Imma 4.448%4594(3) 6.984*7.176(5) ;2;.3())(5)
ErzZnizaessalno-o4s  Th2Zniz - R-3m 8.9465*— 3 13.1199*
8.9704(3) 13.1320(6)
ErZno-o.sslnz-2.12 AuCuz Pm-3m 4.563*-4.504(1) - -
ErZnizsosolnoz2120  Calnz  P6/mme 4.513(2)-4.662(1) — 7.023(3)-7.226(2)

* Literature data.
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Fig. 2. Dependence of the lattice parameters and the unit cell volume of ErZnz-1.70lno-0.30 Vs.
the In (a) and ErZno-osslnz-2.12 vs. the Zn concentration (b) (triangle — single crystal data)

The crystal structure of ErZng.ogslns-2.12 solid solution has been investigated by X-
ray single crystal method. The single crystal suitable for intensity data collection was
selected by mechanical fragmentation from the sample Erg25Zno20lngss. Single crystal X-
ray diffraction was performed on the Bruker diffractometer with MoKa radiation
(A=0.71073 A) in the whole reciprocal sphere at room temperature. All crystallographic
data and details of the data collection are listed in the Table 2 and parameters of atoms are
shown in Table 3. On the basis of the obtained data, it can be assumed that composition of single
crystal is the limited composition of this solid solution.

Table 2
Experimental details and crystallographic data for ErZno.s7Inz.13 phase

Molar mass, g/mole 468.7

Structure type AuCus

Space group, Z Pm-3m, 1

Lattice parameters, a, A 4.474(4)

Vv, A3 89.5(3)

Calculated density(g/cm?) 8.57

Radiation, wavelength A MoKy 2=0.71073
Absorbtion coefficient (mm-?) 30.937

F(000) 196

Range 6 4.56-37.60
Temperature (T, K) 296(2)

Range hkl —6<h<6; —7<k<7; -7<I<7
Total no. of reflections 930

Independent reflections 73

Rint 0.0297

Reflections with 1>25(1) 73

Refinement method Full-matrix least-squares on F?
Goodness-of-fit on F? 1.315

Extinction coefficient 0.027(4)
R[I>25(1)] (R1=) (wR2=) 0.0159; 0.0364
R[all] (R1=) (wR2=) 0.0159

Largest diff. peak/hole, e/A3 1.768/-1.817
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Table 3
Atomic coordinates and thermal displacement parameters (A2) for ErZno.s7In2.13 phase
Atom WZ?:;OH Occupation Xy z Ueg™* Ul U2 Uss
Er la 1 0 0 0 0.0061(2) 0.0061(2) 0.0061(2) 0.0061(2)
X 3c 0.71(2)In+0.29(2)Zn 0 1/2 1/2 0.0123(4) 0.0090(4) 0.0190(5) 0.0090(4)

*Ueq is defined as one third of the trace of orthogonalized Ujj tensor; U12=U13=U23=0 A?

The crystal structure of ErZn,-1.70lno-030 solid solutions has been investigated by X-
ray powder diffraction on the ErozssZnoeizinoos sample. Fig. 3,a shows the X-ray
diffraction patterns of the respective sample. The results of the crystal structure
investigation (Table 4, 5) revealed the occupancies of the smaller atomic positions by
statistic mixtures (Zn/In).
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Fig. 3. Observed, calculated and difference X-ray diffraction patterns
of the ErZnw.s7Ino.13 (a) and ErZnu.eslno.sz (b) phases

The phase and EDX analyses of a sample (Fig. 4, b) in the region near the Er,Zns7
binary compound established the formation of the EraZniz.iss4lno0.46 solid solution up to
~3 at. % In. The crystal structures of this solid solutions was investigated by X-ray powder
diffraction on the EriZnglnio sample (Fig. 4, a), which contained an additional In phase
(weight fractions of phases = 5 %). The crystal structure data and details of structure
refinements are given in Table 4 and 5. The one crystallographic position (6c) in the
structure of this phase is occupied of by the mixtures of Zn and In atoms.
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Fig. 4. Observed, calculated and difference X-ray diffraction patterns of the ErioZnsolnio
sample (1 — phase Er2Znissalno.ss; 2 — In) (a) and EDX microphotographs
of this sample (b) (1 — phase Er2Znies4lno.ss; 2 — Er203; 3 — In)
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The existence of earlier known ternary compound with Caln,-type was confirmed.
The homogeneity region was determined for this compound across the section 33.3 at. % Er
(Fig. 5), and the composition of compound can be described by formula ErZn; 2s-0s0lno.72-1.20.
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Fig. 5. Dependence of the lattice parameters and the unit cell volume V
of ErZnu.2s-080lno.72-1.20 vs. the concentration of In

Additionally, the investigation of crystal structure of this compound was performed
by X-ray powder diffraction on the ErozsZnosszsingso sample. Fig. 3b shows the X-ray
diffraction patterns. According to the results of the crystal structure investigation (Table 4,
5) the crystallographic position (4f) is occupied by mixtures (Zn/In).

Table 4
Experimental details and crystallographic data for ErZni.s7Ino.1s, EraZniss4lno.ss, ErZni.cslno.sz phases

Refined composition
Dcal, g/cm3

Mr, g/mole
Structure type

Space group, Z
Lattice parameters

oo
Do e o

Vv, A3
Equipment
Wavelength
20 range

Step size in 20

Re, Rf, %
Rp, Rwp, %

ErZnig7Ino.s
8.41

390.5

CeCuz
Imam, 4

4.4532(1)
7.1263(3)
7.5801(3)
240.55(2)
STOE STADI P
CuKo
6.00°-110.00°
0.015

3.00; 2.61
6.36; 9.51

Er2Znie.541N0.4
7.94

1462

ThoZni7
R-3m, 19

8.9704(3)

13.1320(6)
915.14(6)
Guinier Camera
CuKo
10.00°-102.00°
0.005

3.33,4.09
3.96, 5.65

ErZni.oslno.s2
8.50

342.08

Calnz
P63s/mmc, 2

4.6070(8)

7.162(1)
131.16(6)
Guinier Camera
CuKo
10.00°-102.00°
0.005

6.51;6.34
5.83; 8.49

Therefore, the ternary system Er-Zn-In is characterized by formation of one
ternary compound and three solid solutions based on ErZn,, Er,Zni; and Erlns binary
compounds. The variations of lattice parameters in the homogeneity regions of mentioned
above solid solutions and the ternary compound are due to the substitution of the larger In
atoms (r = 1.626 A) by the smaller Zn atoms (r = 1.332 A) [12] or vice versa. It should be
noted that for the solid solutions the variation of lattice parameters is slightly deviated from
Vegard’s rule.
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Table 5
Atomic coordinates and thermal displacement parameters for
ErZni.s7Ino.as, EraZnies4lno.ss and ErZna.oslno.sz phases

Atoms | Wyckoff site Occupation X y z Biw. A2
ErZnis7lnoas
Er 4e 1 0 1/4 0.5280(3) 0.8(3)
X 8h 0.06(1)Zn+0.94(1)In 0 0.0408(6)  0.1675(6) 1.2(3)
Er2Zniesalno.a
Er 6c 1 0 0 0.3375(4) 0.6(2)
Znl 18h 1 04945(5)  05055(5) 0.1530(5) 0.7(1)
Zn2 18f 1 0.2990(6) 0 0 0.6(2)
Zn3 ad 1 12 0 12 0.9(2)
X 6c 0.72(2)Zn+0.28(2)In 0 0 0.1016(6) 0.7(2)
ErZnai.oslno.sz
Er 2b 1 0 0 1/4 0.8(3)
X 4f 0.54(1)Zn+0.46(1)In 1/3 2/3 0.0383(8) 1.1(3)

Comparing the Er—{Mn, Fe, Co, Ni, Cu Zn,}—In systems with each other, it should
be underlined that the ternary system with zinc has some similarity only with the Er—Mn—In
system. In both systems, the ternary compounds exist on cross-section 33.3 at. % R and
form the homogeneity regions. The main difference between Er—Zn-In and related systems
is the formation of several solids solutions based on binary compounds. On the other hand,
this feature is characteristic for the Yb-Zn-In [6] and the Yb-Zn-Ga [13] systems.
Furthermore, small number of compounds is another similar feature of these systems.
Regarding to the structural types of phases, it should be mentioned that the phases exist on
cross-section 33.3 at. % R in the Er—{Mn, Cu}-In, {Er, Yb}-Zn-In systems and the Yb-Zn-Ga
system as well as are crystallised in the hexagonal structure types; moreover the majority of them
are related to AlB.-type.

4. Conclusion

The phase equilibria of Er—Zn-In system at 870 K are characterized by the
formation of one ternary compound, namely ErZn; 2s-0.80lN0.72-1.20 (Calnz-type). The some of
the binary compounds, namely ErZn, (CeCux-type), EraZniz (ThaZniz-type) and Erlns
(AuCus-type) reveal homogeneity ranges by Zn/In or In/Zn substitutions.
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3pa3ku A AOCTIPKEHHS BHUTOTOBISIM METOAOM Oe3MocepefHbol B3aeMOJil KOMIIOHEHTIB Yy
BaKyyMOBAHHUX KBAapLIOBUX aMITyJiaX 3 BUKOPUCTAHHIM IPOrpaMOBaHOl TePMidHOi 0OpOOKH.
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VYV nmocnmimkeHid obmacti cucteMu Er-Zn-In yTBOpIOETBCS TpH TBEpAl PO3YMHH Ta OJHA
TepHAapHa CIIOJIyKa 3 00JacTI0 TOMOTeHHOCTi. Mexi 00nacTi roMoreHHoOCTi TepHapHOi dasm 3i
crpykrypoto tuny Calnz mpoctsratorbes Big 0,24 no 0,40 ar. wactku Inzito, a 1i ckiaj onmucyroTh
dopmynoro ErZni2s-osolno72-1,20 (mpocroposa rpyma P6s/mmc; a = 4,513(2)-4,662(1), ¢ = 7,023(3)-
7,226(2) A). B Meskax o6nacTi TOMOTeHHOCTi BiiOyBa€cThCA 30iMbIIEHHS TapaMeTpiB KOMipKH BHACIIIOK
3aMillleHHS MEHIIMX aTOMiB LMHKY Ha Ounblmi aromu iHAiro. TBepauil po3dunH Ha OCHOBI OiHapHOI
crionyku ErZnz Takox yTBOpIOEThCS B3JOBX i30KoHIEHTpaTh Ep6iro 0,333 aT. gacTku, a ckiax dasu
Moxe Oyru omucaHuil popmynoro: ErZnz1,70lno-030 (crpykryprumit Tun CeCuz, mpocropoBa rpyma
Imma; a = 4,448-4,594(3), b = 6,984-7,176(5), ¢ = 7,610-7,463(5) A ). PosummnicTts IHmito B
GinapHiit cromyni EraZniz (ctpykrypumit Tunm Th2Zniz, mpoctopoBa rpyma R-3m; a = 8,9465-
8,9704(3), ¢ = 13,1199-13,1320(6) A) cranoButs m0 0,03 aT. wactox. TBepamii PO3UMH HA OCHOBI
Ginaproi crionmyku Ering (ctpykryprmii Tun AuCuUs, mpoctoposa rpyna Pm-3m; a = 4,563-4,504(1) A)
icHye B3J0BXK i30KOHUeHTpaTu epbito 0,25 ar. wacrtok mo 0,22 ar. 4acTok HMHKY. B Mexax mporo
TBEPJOTO PO3UYHMHY BinOyBaeThcs 3aMilIieHHs aTroMiB IN Ha atromu Zn. KpucraniduHy cTpyKTypy LBOTO
TBEP/IOTO PO3YMHY BHBYAIHM PEHTITEHOCTPYKTYPHHM METOJOM MOHOKpHCTalTa Ha MpuKiami ¢asu
cknany ErZnoszinzis.

Kniouosi cnosa: epOiii, nuHK, iHAIH, (a3oBi piBHOBAarW, KpUCTaliuHa CTPYKTypa, TBEpIHi
PO3UHH.
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