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Phase relations in the ternary system Ce—Ir—Si have been established and the isothermal section at
950 °C was constructed based on X-ray powder diffraction, scanning electron microscopy, and electron
probe microanalysis techniques on 83 alloys, which were prepared by arc melting under argon or powder
reaction sintering. Among the 15 ternary compounds observed at 950 °C 8 phases have been reported
earlier. Based on powder X-ray diffraction data the crystal structures for 6 new ternary phases were

assigned to known structure types: tg — CeslrSis (TasBs-type), s — CeslrsSis (U3NisSis-type), T10 —
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Cedrgosi]g (SC5C03OSi19-type), T12 — C621r125i7 (Hoth12AS7-type), T13 — CE3II‘2,X512+X (Sm3lr25i2-type).
and 714 — CeslrsSiy (CesRhsSi-type). For another new compound t1 — Ceglry;Sisg (at.%), which has ho-
mogeneity region along 27 at.% of Ir, the reflections were indexed in hexagonal lattice symmetry with cell
parameters close to high-temperature IrSi3_x phase.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Intermetallic compounds formed by transition metals with
itinerant d-electrons and Rare Earth metals with more localized f-
electrons exhibit a wide variety of unusual physical properties.
Effects such as mixed and intermediate valence states, heavy
fermion and non-Fermi liquid behaviors, unconventional super-
conductivity, Kondo-lattices and Kondo-semiconductors, quantum
criticalities, etc. were among the central topics in solid-state
chemistry and physics for decades [1]. Unconventional behavior
of this family of compounds originates from the hybridization effect
between f-electrons of Rare Earth atoms and conduction electrons
on Fermi level leading to the strong electronic correlations. So far,
there is no good general approach for understanding these strongly
correlated systems. Synthesis of new f-electron materials and the
subsequent experimental measurements of their electrical and
magnetic properties can lead to new insights into interaction be-
tween electrons and magnetic spins of Rare Earth metals.

Ternary systems R-T-X consisted of Rare Earth metal (R), tran-
sition d-element (T) and element of 13—14 groups (X) proved to be
a rich source of compounds demonstrating strongly correlated
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electron behavior. Among known variety of this family compounds
the most outstanding are CeCu;,Si,, YbRh;Siy, CePd,Siy, CeNiyGey,
CeRu;Siy, CeRh,Siy, CeColns, CePt3Si, which have been described in
many papers and reviews (see for instance, [2—6]) Another
important feature of R-T-X ternary systems is a rich and diverse
crystal chemistry of its intermetallic compounds. In the nearest
analogous to the titled Ce—Ir—Si system, Ce—Pt—Si, Ce—Pd—Si and
Ce—Rh—Si systems, 19, 21 and 27 ternary compounds, corre-
spondingly, were recently detected [7—9]. Due to a large number of
formed compounds, studying R-T-X ternary systems is a promising
area of search for new compounds with unconventional electronic
properties.

Typically, known compounds in the R-T-X systems belong to a
number of selected series, such as RTX, RTXj, RTX3, RTXs5, RT2X>,
R,TX3, RoT3Xs, RT3X. Unconventional electronic properties of the
series prototype stimulate investigation of new compounds with
the same composition but different elements (for instance CeCu,Si,
[10] for RT2X, series [11], CeColns [12] for RTXs5 series [13,14],
CePt3Si [15] for RT3X series [16]). As a result, for many ternary
systems several compounds were reported, but the entire system is
not investigated. Meanwhile, there are a lot more compounds
formed in R-T-X systems, and more systematic search for new
compounds is required. In the mentioned above Ce—Pt—Si,
Ce—Pd—Si and Ce—Rh—Si systems, 7, 8 and 11 novel ternary com-
pounds, respectively, were detected in our previous investigations
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[7-9].

Studies of the next similar ternary system — Ce—Ir—Si — had
been performed on the individual compounds, but it is unclear
whether all the intermetallic compounds were found. We have
performed the investigation of the Ce—Ir—Si system in the full
range of concentrations and report the results in this paper. We
revealed the formation of 7 new intermetallics and established
equilibrium states in isothermal section of Ce—Ir—Si system at
950 °C. We also confirmed the formation and structure of eight
ternary compounds in the system: CelrSi3 (BaNiSns-type [17,18],
CelrSiy (CeNiSiy-type) [19], CexlrsSis (UCosSis-type) [20], CelrSi
(LalrSi-type) [21], Celr,Siy (o and B forms, ThCr,Si,- and CaBe;Ge;-
types, correspondingly [22,23]), Celry_xSij x (Celr;Si-type) [24],
Ce,IrSi3 (CeyCoSiz-type) [25], and CelrsSi; (ErRhsSip-type) [26,27].

For seven compounds, physical properties were reported earlier.
CelrSi3 is a pressure-induced heavy-fermion noncentrosymmetric
superconductor (see, for instance, [28—31]). CelrSi; [19,32] and
both o and B modifications of Celr,Si; [33] demonstrate valence
instabilities of Ce-atoms. Similarly, for Ce;lr3Sis compound small
charge fluctuations of Ce atoms were reported [34,35]. Antiferro-
magnetic ordering below 1.3 K with metamagnetic-like phase
transition in 5 kOe applied field were detected for Ce,IrSi3 [25,36].
CelrsSi, reveals long-time variation of magnetic structure, succes-
sive magnetic transitions in zero magnetic field and multi-step
metamagnetic transitions at relatively low magnetic field
[26,27,37,38]. CelrSi is a Curie-Weiss paramagnetic above 100 K
with an experimental magnetic moment of 2.56 g/Ce-atom [21].
No data on the physical properties of Celry Sij.x were published
hitherto. Further investigation of Ce—Ir—Si in the entire concen-
tration range may reveal new compounds exhibiting unconven-
tional electronic properties.

2. Experimental techniques

A total of 83 alloys were synthesized in this work from high
purity elements. Starting metals Ir (99.997 mass %, Krasnoyarsk,
Russia) and Si (99.9999 mass %, Usolie-Sibirskoe, Russia) were used
as received. In order to remove oxides from the surface of the Ce
(electrolytic, 99.95 mass %, Novosibirsk, Russia), the precursor was
cleaned by metal file no later than 30 min prior to synthesis. The
starting materials were weighed on analytical balances to
+0.0001 g in the exact proportion corresponding to molar
composition of an alloy. A typical mass of a sample was 1 g. The
alloys were prepared by arc-melting in a compact Arc Melter MAM-
1 furnace (Edmund Biihler Gmbh, Hechingen, Germany) performed
on a water-cooled copper hearth under argon atmosphere. To
ensure homogenization, all samples were turned over and melted
three times. Part of each sample was vacuum-sealed in a quartz
tube and annealed at 950 °C for 30 days before being quenched in
cold water. If an alloy did not achieve homogenization after 30 days
(more than 3 phases detected), it was powdered in mortar, cold
compacted to a tablet and sintered at 950 °C for an additional week
in a vacuum-sealed quartz tube. In the latter case, only X-ray
powder diffraction (XPD) data were used to identify the com-
pounds which form an equilibrium state. Electron probe micro-
analysis (EPMA) and XPD tests did not reveal oxygen and oxides in
the prepared alloys or powders.

XPD data of as-cast and annealed samples were collected using a
monochromatic Cu-K; radiation (A = 0.15406 nm) on a STOE STADI
P transmission diffractometer equipped with a linear position
sensitive area detector (STOE & Cie Gmbh, Darmstadt, Germany;
step size 0.01°, measurement time 10 s/point, divergence slit 0.3).
XPD peaks indexing and the lattice parameters calculations were
performed with the STOE WinXpow program package [39]. Quan-
titative Rietveld refinements of the powder XPD patterns were

performed with the FULLPROF program [40,41], employing internal
tables for X-ray atomic form factors. Starting atomic parameters for
prototypes were taken from a Landolt-Bornstein Database (on-line
web-site [42]).

Each sample was prepared via standard technique and exam-
ined by scanning electron microscopy (SEM) on a LEO EVO 50XVP
instrument (Carl Zeiss, Oberkochen, Germany). Phase compositions
were determined via electron probe microanalysis (EPMA) using
Link EDX INCA Energy 450 system (Q-BSD detector). The average
accuracy in determining the chemical composition was 0.9 at.%.

3. Binary systems

The latest version of the Ce—Ir binary system was reported by
Okamoto [43] as a review based on the earlier works [44—47].
Ce—Si phase diagram was adopted from an investigation by Bula-
nova et al. [48] amended by Ce;Si3_x (x = 0.32) phase reported in
Ref. [49]. Ir-Si phase diagram was taken from two reviews of Oka-
moto [50,51]. The final version [51| compiles two diagrams: silicon-
rich part from 50 to 100 at. % Si by Ref. [52], and iridium-rich part
from O to 50 at.% Si by Ref. [53]. According to previous findings [54],
the binary compound with highest concentration of Si exists in two
polymorphic modifications and its chemical composition differs
from the exact stoichiometry 1:3 (in Ref. [54] purest phase was
found in a sample of composition IrSiz4 (at.%) — so, in our work we
call it IrSi3_x. The crystal structure of the high temperature poly-
morphic modification of BIrSis_y is reported in two versions. At first
it was determined as hexagonal structure by both XPD [55—57] and
single crystal X-ray diffraction methods [58]. Later, based on a new
XPD experiment on a modern equipment, Engstrom et al. [54]
revised the crystal structure of BIrSi3_yx and proposed a lower
symmetry orthorhombic structure with cell parameters
a = 0.75634, b = 0.43469, and c = 0.66238 nm, which are closely
related to previously reported parameters of hexagonal BIrSiz_x
[54]. The crystal symmetry of a room temperature phase alrSis_y
was defined as slightly monoclinically distorted relative of the
orthorhombic BIrSi3_yx with lattice parameters a = 0.76976,
b = 0.43770, ¢ = 0.65467 nm, and monoclinic angle f = 91.594°
[54]. However, the atomic orders of both orthorhombic and
monoclinic unit cells were not determined.

Crystallographic data of unary and binary phases related to the
Ce—Ir—Si ternary system are summarized in Table 1 together with
the crystal structures of ternary compounds.

4. Results and discussion
4.1. Phase relations; the isothermal section Ce—Ir—Si at 950 °C

The isothermal section Ce—Ir—Si at 950 °C is presented in Fig. 1.
The selected temperature was higher than the melting point of Ce,
which resulted in liquid phase formation (marked by wavy line) at
950 °C around Ce corner of the diagram. The present study revealed
the formation of 15 ternary intermetallics in the Ce—Ir—Si system at
950 °C. Eight of them, reported earlier and listed in the introduction
of this paper, have been confirmed and seven new ternaries have
been detected in the present work. Phase relations in the ternary
system at 950 °C (Fig. 1) are characterized by the absence of cerium
solubility in the iridium silicides due to significantly larger atomic
radius of cerium (0.183 nm [59]) compared to radii of Ir and Si
atoms (0.136 nm and 0.133 nm, respectively [59]). Close dimensions
of iridium and silicon atoms, on the other hand, give a potential for
their mutual substitution in crystal structures of five binary
(CeSiy_x, CesSiy, CesSiy, CesSis, and Celry) and six ternary com-
pounds (73 — Cexlry _4Sisz«; T4 — Celry_4Sio., x; T9 — Celry_xSi1 x; T11
— Celr3 4Sipx; 713 — Ceslra xSizyx; and 715 — Celry «Si1x)
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Table 1
Crystallographic data of solid phases in the Ce—Ir—Si system.
Phase/Temperature range (°C) Space group, Prototype Lattice parameters, nm Comments?®
a b c
Unary compounds
(dCe) 798—726 [64] Im3 m, W 0.412 [64]
(yCe) 726—61 [64] Fm3m, Cu 0.51610 [64]
(BCe) 61 — (—177) [64] P63/mmc, ola 0.36810 1.1857 [64]
(aCe) < —177 [64] Fm3m, Cu 0.485 [64]
(Ir) < 2447 [64] Fm3m, Cu 0.38393 [65]
(Si) < 1414 [64] Fd3m, C (diamond) 0.54306 [64]
Binary compounds
CesSis < 1260 [48] I4/mcm, CrsBs 0.7896 1.3722 [66]
0.785 1.372 [67]
0.7878 1.367 [48]
CeslrySiz_y 0<x<05[TW]°
0.78727(7) 1.37935(9) x = 0.5 [TW]
CesSip < 1335 [48] P4/mbm, UsSi, 0.7800 0.4365 [66]
0.7780 0.4367 [48]
CeslrySiy x 0<x<0.1[TW]
0.77764(8) 0.43654(3) x = 0.1 [TW]
CesSig < 1500 [48] P41242, ZrsSiy 0.7920 1.499 [67]
0.7949 1.5069 [66]
0.7936 1.5029 [48]
CeslrySig_x 0<x<0.2[TW]
0.79369(6) 1.5019(5) x = 0.2 [TW]
CeSi < 1630 [48] Pnma, FeB 0.8295 0.3975 0.5970 [67]
0.8302 0.3965 0.5967 [66]
0.8298 0.3961 0.5959 [48]
0.82998(9) 0.39630(5) 0.59627(7) [TW]
CeSiy 34 (Ce,Sis_) Cmcm, VB3 (Nd,Sis_x) In Ref. [49] was obtained after annealing at
1100 °C during two weeks at 35 K [49]
0.44035 2.48389 0.39517
>950 [TW] [TW]: trace amount was detected by EPMA
after annealing at 950 °C (see Fig. 2a)
CeSiq 67 < 1725 [48] Imma, GdSiy_x 0.4123 0.4195 1.3905 [66]
0.4105 0.4183 1.3912 [48]
0.41220(2) 0.41913(2) 1.3914(6) [TW]
CeSiy_x < 1575 [48] 141/amd, oThSi, 0 <x<0.1[48]
0.4192 1.3913 x = 0 [48]
CelrySiz_y 0 <y <0.24[TW]
0.41911(1) 1.39706(6) x=0,y=0[TW]
0.41866(3) 1.3995(3) x=0,y=0.17 [TW]
0.41730(3) 1.4066(2) x =0,y =0.24 [TW]
Ceylr < 710 [43] unknown unknown unknown unknown [43],
[TW]: not involved in the phase equilibria
at 950 °C
Ceslr < 880 [43] Pnma, FesC 0.7232 1.0057 0.6524 [46]
[TW]: not involved in the phase equilibria
at 950 °C
CeyIrs < 950 [43] P63mc, Th;Fes 1.0054 0.6325 [45]
1.0068 0.6323 [46]
[TW]: was not detected at 950 °C
Ceslrs < 1100 [43] P4[ncc, PusRhs 1.1267 0.6367 [47]
1.1251 0.6371 [46]
1.12705(7) 0.63682(3) [TW]
Ceslry < 1180 [43] Pnma, SmsGey 0.7420 1.483 0.7640 [68]
0.7436 1.4776 0.7626 [47]
0.7442 1.4768 0.7634 [46]
0.74372(5) 1.47803(9) 0.76261(5) [TW]
Celrpx < 2250 [43] Fd3m, MgCu, —0.30 < x < 0.30 [42]
0.7578 [46]
0.7581 [43]
Celr,_ySiy [TW] 0 <y <0.36[TW]
0.75783(5) y = 0.08 [TW]
0.75644(4) y = 0.18 [TW]
0.75492(6) y = 0.26 [TW]
0.75480(7) y = 0.36 [TW]
Celrs < 2100 [43] R3 m, PuNis 0.5288 2.618 [69]
0.5312 2.6058 [46]
0.5290 2.6220 [70]
0.52920(2) 2.6199(8) [TW]
Ce,lIr7 < 2000 [43] R3 m, GdCoy 0.5284 3.880 [44]
0.5294 3.8938 [46]
0.52943(6) 3.9011(8) [TW]

(continued on next page)
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Table 1 (continued )

Phase/Temperature range (°C) Space group, Prototype Lattice parameters, nm Comments®
a b c
Celrs < 1950 [43] P6/mmm, 0.5282 0.4328 [46]
CaCus 0.5298(2) 0.4260(1) [TW]
F43m, 0.7510 [69]
AuBes
Ir3Si < 1545 [51] I4/mcm, Ir5Si 0.5222 0.7954 [71]
0.5232 0.7973 [72]
0.52235(5) 0.79601(8) [TW]
Ir,Si 1267—-1452 [51] Pnma, BCo,Si 0.5284 0.3989 0.7615 [73]
[TW]: not involved in the phase
equilibria at 950 °C
Iry5Si < 1430 [53] P63/mmc, NiyIn 0.3963 0.5126 [55]
0.39649(2) 0.51229(3) [TW]
IrSi < 1707 [51] Pnma, FeAs 0.55579 032213 0.62673 [57]
0.5555 0.3215 0.6267 [52]
0.55577(3) 0.32147(1) 0.62703(4) [TW]
IrySis < 1315 [51] P21/m, Rh4Sis 0.58805 0.36181 1.2359 [57]
B =100.14°
0.58814(3) 0.36193(1) 1.2352(1) [TW]
B =100.13(1)°
Ir3Siy < 1408 [51] Pnma, Rh3Siy 1.88741 0.36979 0.57717 [57]
1.8873(3) 0.36960(1) 0.57722(3) [TW]
Ir3Sis < 1402 [51] P24/c, Ir3Sis 0.64060 1.4162 1.1553 [74]
B =116.69°
0.63994(4) 1.41455(9) 1.15515(7) [TW]
B =116.65(1)
BIrSiz_x 975—1260 [51] P63mc, IrSis 0.4350 0.6610 [55]
0.4350 0.6630 [56]
0.43538 0.66277 [57]
0.4351 0.6622 [58]
orthorhombic, oS 0.75634 0.43469 0.66238 [54]
0.75574(3) 0.43443(1) 0.66234(3) x = 0.25 [TW], as-cast sample Iry5Sizs (at.%)
alrSiz_x < 975 [51] monoclinic, m 0.76976 0.43770 0.65467 [54]
B =91.594°
0.76903(2) 0.43724(1) 0.65400(2) x = 0.25 [TW], annealed Ir5Si75 (at.%)
B =91.60(2)°
Ternary compounds
71, ~Cey.6lra27Sigg.67 (at.%) Hexagonal 0.44329(7) 0.65788(7) [TW], at Ceylr,;Sigg composition (at.%)
0.44394(8) 0.65948(9) [TW], at Ceglry7Sig; composition (at.%)
Ty, CelrSis I4mm, BaNiSn3 0.4252 0.9715 [18]
0.42424(2) 0.97924(5) [TW]
T3, Ce,lrSis P6/mmm, 0.82120 0.42374 [25]
Ceslry —x5i3+x Ce,CoSis 0 <x<030[TW]
0.82134(5) 0.42354(2) Xmin = 0 [TW]
0.81770(10) 0.42686(4) Xmax = 0.30 [TW]
T4, CelrSi; Cmcm, 0.42580 1.6754 0.41917 [19]
Celry_xSiz x CeNiSiy 0 <x<0.16 [TW]
0.42533(2) 1.6745(1) 0.41964(2) Xmin = 0 [TW]
0.42528(2) 1.6736(1) 0.41945(2) Xmax = 0.16 [TW]
Ts, Ce,lIrsSis Ibam, U,Co5Sis 0.9953 1.181 0.5804 [20]
0.99584(5) 1.15670(9) 0.58756(3) [TW]
T, CeslrSis Immm, Ta3B4 0.41323(1) 0.42755(1) 1.8182(1) [TW]
77, BCelr,Siy P4/nmm, CaBe,Ge;, 0.41431 0.98460 [22]
0.41460 0.9855 [23]
0.41392(2) 0.98538(5) [TW]
77, 0CelrySiz < 920 [20] 14/mmm, ThCr,Si, 0.40848 1.01583 [22]
0.40882 1.01696 [23]
g, CeslrySiy Immm, U3Ni4Sig 0.40241(2) 0.41430(2) 2.4345(1) [TW]
Tg, Celry_Siyx P243, LalrSi 0.0 < x <0.05 [TW]
0.62915 Xmin = 0.0 [21]
0.62757(5) Xmin = 0.0 [TW]
0.62709(4) Xmax = 0.05 [TW]
T10, CeglrspSitg P63/m 1.57154(3) 0.38915(1) [TW]
SC5C03osi19
T11, Celrs_«Siz x Imma, ErRhsSi; 0.71838 0.97373 0.56018 [75]
0.71768 0.97273 0.55971 [26]
0.7178 0.9726 0.5597 [27]
—0.15 < x < 0.06 [TW]
0.71769(5) 0.97312(7) 0.55974(5) Xmin = —0.15 [TW]
0.71801(4) 0.97271(5) 0.55928(4) x = 0.0 [TW]
0.71819(5) 0.97263(8) 0.55932(4) Xmax = 0.06 [TW]
T2, Cealry3Siz P65/m, HozRh12As7 0.97330(4) 0.38664(2) [TW]
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Table 1 (continued )

Phase/Temperature range (°C) Space group, Prototype Lattice parameters, nm Comments?®
a b c

T13, Ceslry «Siz.x Cmcm, Smslr;Si; 0.0 <x<02[TW]
0.41178(2) 1.08136(4) 1.33775(6) Xmin = 0.0 [TW]
0.41123(4) 1.08200(7) 1.33804(9) Xmax = 0.2 [TW]

T14, CeslrsSiy Pnma, Ce3Rh5Si; 0.76950(2) 1.48111(4) 0.57065(2) [TW]

T15, Celr,Si 141/amd, 0.40698 3.54085 [24]

Celry_«Siy x Celr,Si 0.0 < x <0.08 [TW]
0.40603(4) 3.5397(3) Xmin = 0.0 [TW]
0.40665(2) 3.5322(2) Xmax = 0.08 [TW]

2 With an abundance of literary references the authors brought only the selected links; others can be found in the databases such as the Springer Materials [42], and similar.

> [TW] — this work.

resulting in the extended (CesSis, CeSiy_y, Celry, T3, T4, T17) OF at
least notable (Ces3Siy, CesSiy, Tg, T13, T15) homogeneous regions. The
only exception is a new ternary compound t; — Ce4lry7Sigg (at. %),
which has a homogeneity region along iridium iso-concentrate line
of ~27.0 at. %. This unexpected phenomenon was registered by XPD
and EPMA techniques, and the obtained experimental data are
presented and discussed below. Ternary phases t, — CelrSis, 5 —
C62]1'3Si5, T6 — C63Il'Si3, T7 — CGIFQSiz, T8 — Ce3Ir4Si4, T10 — Ce51r305i19,
712 — Ceylry3Si7 and t14 — CeslrsSiy are fully ordered compounds
with fixed compositions.

The quantitative data on the solubility of the ternary homoge-
neity regions at 950 °C are included in Table 1. The limits of solid
solutions were established from the sets of EPMA measurements
performed on the alloys containing the respective compound.
Composition and lattice parameters of the phases involved in

three-phase equilibria are listed in Table 2.

4.2. Crystal structure and composition of binary phases

X-ray powder diffraction intensities for unary and most of bi-
nary phases reported in literature agree well with those observed in
ternary Ce-Ir-Si alloys of suitable compositions. However, the bi-
naries CeSiq 34, IrSi3_x and Celr; require additional consideration.

CeSiq 34 compound was detected by EPMA technique and found
to participate in equilibria with CeSi and CeSiy_x (with 1 at.% of Ir)
as shown in Fig. 1. SEM image of Ce4y5lrgsSisy (at.%) sample is
shown in Fig. 2a and depicts all three phases in equilibria.

In our work, we did not detect reported in Ref. [43] wide ho-
mogeneity region of binary Celr, phase from 30 to 37 at. % of Ce.
EPMA measurements for all annealed at 950 °C ternary alloys from

Si
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Fig. 1. Isothermal section of the Ce—Ir—Si system at 950 °C.
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Table 2

Experimental data on alloys from three-phase regions in the Ce—Ir—Si system at 950 °C.

A. Lipatov et al. / Journal of Alloys and Compounds 696 (2017) 1019—1030

Three-phase field Phase EPMA (at.%) Lattice parameters (nm)
Ce Ir Si a b c
(Si) + CeSiy_x + T2 (Si) 0.0 0.0 100.0 0.54301(2)
CeSiy x 335 0.0 66.5 0.41911(1) 1.39706(6)
T2 19.9 20.2 59.9 0.42440(2) 0.97912(4)
(Si) + 11+ 72 (Si) 0.0 0.0 100.0 0.54321(2)
T 5.2 26.9 67.9 0.44369(3) 0.65840(6)
T2 19.8 20.1 60.1 0.42433(2) 0.97916(4)
(Si) + alrSiz_x + T4 (Si) 0.0 0.0 100.0 0.54305(2)
alrSis_x 0.0 26.8 73.2 0.76888(4) 0.43714(3) 0.65401(3)
B =91.59(2)
T 41 27.2 68.7 0.44329(7) 0.65788(7)
Ir3Sis + 71 + T2 Ir3Sis 0.0 37.8 62.2 0.63994(4) 1.41455(9) 1.15515(7)
B =116.65(1)°
T 6.0 27.0 67.0 0.44394(8) 0.65948(9)
T 20.2 20.5 59.3 0.42449(3) 0.97923(5)
alrSiz_x + IrsSis + 71 alrSiz_x 0.0 273 72.7 0.76875(4) 0.43695(2) 0.65422(3)
B =91.58(2)
Ir3Sis 0.0 374 62.6 0.64011(3) 1.41423(9) 1.15480(8)
B =116.66(2)°
T 4.2 26.7 69.1 0.44322(4) 0.65778(4)
CeSip_x + CeSi + 13 CeSip_x 334 7.1 59.5 0.41752(5) 1.4065(2)
CeSi 50.2 0.0 49.8 0.82998(9) 0.39630(5) 0.59627(7)
T3 334 11.6 55.0 0.8177(1) 0.42686(4)
CeSiz_x + T3 + T4 CeSiy x 333 8.0 58.7 0.41730(3) 1.40663(8)
T3 33.1 11.9 55.0 0.81753(9) 0.42676(4)
T4 24.5 21.0 54.5 0.42528(2) 1.6736(1) 0.41945(2)
CeSiy_x + T2 + Ta CeSiz_x 33.6 55 60.9 0.41866(3) 1.3995(3)
T 20.1 20.0 59.9 0.42424(2) 0.97924(5)
T4 24.8 21.1 54.1 0.42495(2) 1.6739(4) 0.41958(1)
T2+ T4+ Ts T2 20.0 19.9 60.1 0.42443(1) 0.97964(2)
T4 25.2 22.8 52.0 0.42485(1) 1.6752(3) 0.41965(1)
Ts 20.2 30.0 49.8 0.99584(5) 1.15670(9) 0.58756(3)
Ir3Sis + T2 + 75 Ir3Sis 0.0 375 62.5 0.64034(3) 1.4151(1) 1.15497(7)
B =116.64(2)°
T 20.1 204 59.5 0.42414(3) 0.97896(6)
Ts 20.1 29.7 50.2 0.99599(5) 1.15738(7) 0.58789(3)
Ir3Sis + Ir3Sig + 75 Ir3Sis 0.0 37.2 62.8 0.63981(3) 1.4144(4) 1.15456(6)
B =116.65(2)°
Ir3Siy 0.0 43.1 56.9 1.8873(3) 0.36960(1) 0.57722(3)
Ts5 19.7 29.9 50.4 0.99653(5) 1.15745(6) 0.58739(3)
CesSis + CesSiy + T3 CesSis 62.4 6.0 31.6 0.78727(7) 1.37935(9)
CesSia 59.9 1.9 38.2 0.77764(8) 0.43654(3)
Ti3 429 27.6 29.5 0.41131(1) 1.08117(8) 1.33717(9)
Ce3Siy + CesSig + T13 CesSiy 60.3 2.0 37.7 0.77774(7) 0.43649(2)
CesSiy 55.3 2.1 42.6 0.79369(6) 1.5019(5)
Ti3 434 26.6 30.0 0.41123(2) 1.08155(7) 1.33771(8)
CesSis + CeSi + 16 CesSiy 55.6 2.0 424 0.79394(5) 1.50213(9)
CeSi 50.4 0.0 49.6 0.82926(4) 0.39627(1) 0.59590(3)
Ts 43.0 141 429 0.41123(2) 1.0815(2) 1.3381(2)
CesSis + T6 + T13 CesSiy 56.0 1.9 42.1 0.79382(4) 1.50233(9)
T6 43.1 14.0 429 0.41327(2) 0.42759(2) 1.8184(4)
Ti3 42.6 26.1 31.3 0.41113(1) 1.0821(1) 1.3380(2)
CeSi + 76 + T3 CeSi 49.8 0.0 50.2 0.82965(5) 0.39595(1) 0.59595(3)
T6 42.5 14.3 432 0.41329(1) 0.42776(2) 1.8190(5)
T3 333 16.8 49.9 0.82149(5) 0.42367(2)
T + T13 + To T6 43.0 145 42.5 0.41307(1) 0.42740(1) 1.81796(9)
T13 42.6 26.2 31.2 0.41123(4) 1.08200(7) 1.33804(9)
To 33.2 32.9 339 0.62733(1)
Te + T3 + To T6 424 15.1 42.5 0.41315(1) 0.42758(1) 1.81916(6)
T3 33.1 171 49.8 0.82134(5) 0.42354(2)
Tg 333 315 35.2 0.62712(2)
T3+ Tg + T7 T3 33.2 16.7 50.1 0.82159(4) 0.42359(2)
Ty 335 314 35.1 0.62709(4)
Tz 20.3 40.0 39.7 0.41392(2) 0.98538(5)
T3+ T4 + T7 T3 335 16.5 50.0 0.82142(5) 0.42381(2)
T4 24.8 253 49.9 0.42527(2) 1.67505(7) 0.41930(1)
T7 19.8 40.4 39.8 0.41379(1) 0.98514(3)
T4+ T5 + T7 T4 25.0 25.0 50.0 0.42533(2) 1.6745(1) 0.41964(2)
Ts5 20.5 29.7 49.8 0.99639(6) 1.15612(7) 0.58791(4)
T7 204 39.8 39.8 0.41410(2) 0.98586(4)
Ir3Sig + 5 + 77 Ir3Siy 0.0 42.6 57.4 1.88755(9) 0.36983(1) 0.57736(3)
Ts5 20.6 29.9 49.5 0.99515(5) 1.15745(6) 0.58738(3)
T7 20.5 39.8 39.7 0.41368(2) 0.98550(3)
IrSi + Ir4Sis + ©7 IrSi 0.0 50.2 49.8 0.55577(3) 0.32147(1) 0.62703(4)
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Table 2 (continued )

Three-phase field Phase EPMA (at.%) Lattice parameters (nm)
Ce Ir Si a b c
Ir4Sis 0.0 443 55.7 0.58814(3) 0.36193(1) 1.2352(1)
B =100.13(1)°
77 20.2 39.9 39.9 0.41393(1) 0.98542(3)
Ceslrs + T13 + T14 Ceslrs 62.5 375 0.0 1.12705(7) 0.63682(3)
T13 425 289 28.6 0.41181(3) 1.08137(7) 1.33794(8)
T14 371 37.8 25.1 0.76967(4) 1.48070(8) 0.57012(3)
Ceslrs + Ceslry + T14 Ceslrs 62.2 37.8 0.0 1.12711(5) 0.63685(2)
Ceslry 55.3 447 0.0 0.74372(5) 1.47803(9) 0.76261(5)
T14 374 37.7 249 0.76926(5) 1.48069(9) 0.57048(3)
T13 + Tg + T14 T13 43.0 289 28.1 0.41196(2) 1.08141(5) 1.33809(7)
Tg 33.7 32.8 335 0.62757(5)
T14 37.5 384 24.1 0.76891(5) 1.4812(1) 0.57013(4)
Tg + Tg + T14 Tg 334 32.8 33.8 0.62761(3)
Tg 27.8 36.2 36.0 0.40242(2) 0.41431(2) 2.4345(2)
T14 37.7 37.6 24.7 0.76926(5) 1.4800(3) 0.57020(4)
Tg + T7 + T14 Tg 27.6 36.4 36.0 0.40218(1) 0.41448(2) 2.4339(1)
T7 203 40.1 39.6 0.41406(2) 0.98553(4)
T14 379 371 25.0 0.76904(5) 1.48146(10) 0.57079(4)
T7 + T1a + T15 T7 20.3 40.0 39.7 0.41374(1) 0.98591(3)
T4 37.7 37.2 25.1 0.76977(4) 1.48127(7) 0.57009(3)
Tis 25.0 479 27.1 0.40665(2) 3.5322(2)
Celry + T14 + T15 Celr, 33.7 54.3 12.0 0.75480(7)
T14 37.8 37.6 24.6 0.76885(5) 1.48051(8) 0.57087(4)
T1s 24.8 49.2 26.0 0.40674(1) 3.5314(5)
Ceslry + Celry + T14 Ceslry 55.7 443 0.0 0.74355(4) 1.47798(8) 0.76215(5)
Celr, 335 58.0 85 0.75492(6)
T1a 36.7 373 26.0 0.76897(5) 1.48137(9) 0.57018(3)
T7 4+ T15 + T11 Tz 19.7 40.0 40.3 0.41387(1) 0.98538(3)
T15 24.8 49.6 25.6 0.40626(1) 3.5388(8)
T 16.6 48.8 34.6 0.71783(5) 0.97301(8) 0.55978(4)
T7 + T11 + T10 Tz 20.1 39.9 40.0 0.41369(2) 0.98491(5)
T11 16.5 49.0 345 0.71769(5) 0.97312(7) 0.55974(5)
T10 113 54.3 344 1.5706(2) 0.38863(1)
IrSi + ©7 + T10 IrSi 0.0 50.1 499 0.55570(5) 0.32168(2) 0.62687(5)
T7 20.2 39.7 40.1 0.41379(2) 0.98494(4)
T10 11.0 54.9 34.1 1.5694(4) 0.38928(5)
Iry5Si + IrSi + 719 Iry 5Si 0.0 59.9 40.1 0.39620(1) 0.51235(3)
IrSi 0.0 50.1 49.9 0.55569(3) 0.32150(1) 0.62731(3)
T10 11.2 54.8 34.0 1.57094(7) 0.38954(6)
Celry + T15 + T11 Celr, 335 60.6 5.9 0.75644(4)
T1s 255 50.0 24.5 0.40603(4) 3.5397(3)
T11 171 50.8 32.1 0.71801(4) 0.97271(5) 0.55928(4)
Celr, + Celrs + 711 Celr, 325 64.8 2.7 0.75783(5)
T 174 53.0 29.6 0.71819(5) 0.97263(8) 0.55932(4)
Celrs 25.1 74.9 0.0 0.52920(2) 2.6199(8)
Celrs + T11 + T10 Celrs 25.0 75.0 0.0 0.52920(2) 2.6195(8)
T 171 53.1 29.8 0.71830(4) 0.97255(5) 0.55940(3)
T10 11.2 54.1 34.7 1.5706(3) 0.38863(1)
Celrs + Cexlr7 + T10 Celrs 248 75.2 0.0 0.52943(2) 2.6195(9)
Ceslr; 225 77.5 0.0 0.52943(6) 3.9011(8)
T10 10.9 54.3 34.8 1.5714(2) 0.38929(5)
Ir3Si + Iry 551 + 712 Ir3Si 0.0 74.8 25.2 0.52220(4) 0.79631(6)
Ir15Si 0.0 60.1 399 0.39649(2) 0.51229(3)
T12 9.5 56.8 33.7 0.97366(6) 0.38641(2)
(Ir) + Celrs + T10 (Ir) 0.0 100.0 0.0 0.38394(3)
Celrs 16.2 83.8 0.0 0.5298(2) 0.4260(1)
T10 11.0 54.5 34.5 1.5713(2) 0.38924(1)
(Ir) + Ir3Si + 710 (Ir) 0.0 100.0 0.0 0.38410(1)
Ir3Si 0.0 75.0 25.0 0.52235(5) 0.79601(8)
T10 11.0 55.1 33.9 1.5708(2) 0.38902(1)

both Ce-rich and Ir-rich sides of Celr, as well as Cesglrsg (at.%)
sample (Fig. 2b) revealed the cerium content about 33 at.%.

In order to check literature data about binary IrSi3_y with
unknown crystal structure we prepared and investigated Iry5Sizs
(at.%) alloy. The SEM study of annealed sample revealed a
microstructure composed of small inclusions of pure silicon
crystallites (Fig. 2c) and the main matrix of IrSiz_x phase with
Ir26.5Si735 (at.%) composition, which is in line with reported by
Engstrom et al. [54] (IrpeSiz4, at.%). Regions with slightly different
darkness in the main matrix but with identical composition could

be attributed to different crystallographic orientation of IrSiz_y
crystallites (Fig. 2c). Since the phase transition between high and
low temperature modifications of IrSiz_x occurs at 975 °C, in our
work we observed the crystal structures of both phases in XPD
patterns (see Fig. 3). After annealing of the Iry5Si75 (at.%) sample, a
high temperature orthorhombic BIrSis_x phase undergoes unit
cell distortion and becomes a monoclinic alrSiz_x with similar cell
parameters and f = 91.60° (see Table 1). The full information
about the atomic orders in the o and B modifications of IrSi3_x
was not obtained.
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Fig. 2. Microstructures (SEM) of Cey4y 5lro 5Sis7 (at.%, a), Cesolrsg (at.%, b), Iry5Sizs (at.%, c), CeslragSisg (at.%, d), Ce,lrggSis, (at.%, e), and CeslrgsSisg (at.%, f) alloys annealed at 950 °C.

4.3. Crystal structure and composition of ternary phases

The atomic orders of all previously reported in literature ternary
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Fig. 3. X-ray powder patterns of the as-cast (a) and annealed (b) Ir,5Si5 (at.%) alloys.

intermetallics were confirmed in the present investigation. Eight
ternary compounds of the Ce—Ir—Si system were previously found
and their structure described prior to this work: CelrSiz (BaNiSns-
type) [17,18], CelrSi, (CeNiSix-type) [19], CealrsSis (U,CosSis-type)
[20], CelrSi (LalrSi-type) [21], Celr;Si, (o and B forms, ThCr;Si-type
and CaBe;,Ge,-type, correspondingly [22,23]), Celry_xSiqx (CelrsSi-
type) [24], Ce,IrSiz (Ce,CoSis-type) [25], and CelrsSiy (ErRhsSia-
type) [26,27].

Based on X-ray powder diffraction data the crystal structures for
six new ternary phases were assigned to known structure types: tg
— CeslrSis (TasBs-type), 1 — CeslrsSiga (UsNigSis-type), T10 —
CeglrspSitg (SceCo30Sito-type), T12 — CexlrypSiz (HoaRhixAsz-type),
T13 — Ce3lr2_x5i2+x (Sm3lr25i2—type), and T14 — CE3[1'3Si2 (CE3Rh3Si2—
type). Crystal structure types, space groups and lattice parameters
of ternary intermetallics found in the Ce-Ir-Si system at 950 °C are
collected in Table 1.

71 — Ceylry7Sigg is a new ternary compound detected by EPMA in
the Si-rich corner of the Ce-Ir-Si system. It participates in equilibria
with Si, CelrSis, Ir3Sis and IrSi3_y, exhibiting homogeneity region
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Table 3
Experimental details and crystallographic data for 5 — Ce;IrSis, 16 — CeslrSis, Tg — CeslraSia, 719 — Ceglr3eSitg, T12 — Cexlr12Siz 13 — Ceslr,Sia, 714 — CeslrsSiy, derived from the
powder X-ray diffraction intensities (room temperature, CuKa; radiation).

Compound

e — CeslrSis

1g — CeslrySiy

T10 — CeglrseSizg

Space group
Pearson symbol
Structure type

Lattice parameters, [nm]

Immm (No 71)
ol14

TazB4

a = 0.41323(1)
b = 0.42755(1)

Immm (No 71)
ol22

U3NigSiyg

a = 0.40241(2)
b = 0.41430(2)

P63/m (No 176)
hP55
ScsC030Sit9

a = 1.57154(3)

c=1.8182(1) c=24345(1) c=0.38915(1)
Cell volume, [nm?] 0.32132(2) 0.40588(3) 0.83233(1)
20 range, [°] 8 <20 <90 10 <26 <90 8 <20 <90
Number of reflections 110 135 307
Number of parameters 21 20 36
Rg = =|Fo-Fc|/=F, 0.038 0.080 0.037
Ri = 3|lo-Iel/Zlo 0.040 0.143 0.045
Rup = [SWilYoi-Yeil ZWilYoi ] 0.035 0.103 0.065
Rp = =|Yoi-Yeil /2 |Voil 0.027 0.078 0.047
Re = [(N-P + C)/swiy%oi)]” 0.018 0.041 0.011
%2 = (Rwp/Re)? 1.64 6.24 1.85

Atomic parameters

Atom site 1 2 Cel in 2a (0,0,0); 2 Cel in 2a (0,0,0); 6 Cel in 6h (x,y,%);
x = 0.2966(3),
y = 0.3984(2)
Occupation 1.0(—-) 1.0(-) 1.0(-)
Biso (102 nm?) 1.9(1) 1.09(9) 0.98(4)
Atom site 2 4 Ce2 in 4j (14,0,2); 4 Ce2 in 4j (4,0,2); 6 Ir1 in 6h (x,y,%);
z = 0.1840(1) z = 0.3553(2) x = 0.0477(2),
y = 0.2755(2)
Occupation 1.0(-) 1.0(—-) 1.0(-)
Biso (102 nm?) 1.2(1) 1.09(9) 0.72(1)
Atom site 3 4 M in 4i (0,0,2); 41r1 in 4i (0,0,2); 6 Ir2 in 6h (x,y,%);
z=0.4331(1) z=0.2490(1) x =0.1233(2),
y = 0.1520(1)
Occupation 0.51(1) Si + 0.49(1) Ir 1.0(-) 1.0(-)
Biso (102 nm?) 1.3(1) 0.84(6) 0.72(1)
Atom site 4 4 Si1 in 4j (14,0,2); 41r2 in 4j ('4,0,2); 6 Ir3 in 6h (x,y,%);
z = 0.3641(4) z = 0.0980(1) x = 0.2230(1),
y = 0.5704(2)
Occupation 1.0(—) 1.0(-) 1.0(-)
Biso (102 nm?) 1.1(1) 0.84(6) 0.72(1)
Atom site 5 4 Si1 in 4i (0,0,2); 6 Ird in 6h (x,y,%);
z = 0.4590(8) x = 0.4168(2),
y = 0.2622(2)
Occupation 1.0(-) 1.0(-)
Biso (102 nm?) 1.5(3) 0.72(1)
Atom site 6 4 Si2 in 4j (14,0,2); 6 Ir5 in 6h (x,y,%);
z =0.1899(8) x = 0.5359(2),
y = 0.0760(2)
Occupation 1.0(-) 1.0(-)
Biso (102 nm?) 1.5(3) 0.72(1)
Atom site 7 6 Sil in 6h (x,y,%);
x = 0.0678(9),
y = 0.4335(9)
Occupation 1.0(-)
Biso (10?2 nm?) 0.46(8)
Atom site 8 6 Si2 in 6h (x,y,%);
x = 0.2486(8),
y = 0.1260(10)
Occupation 1.0(-)
Biso (102 nm?) 0.46(8)
Atom site 9 6 Si3 in 6h (x,y,%);
x = 0.5608(8),
y = 0.2390(9)
Occupation 1.0(-)
Biso (102 nm?) 0.46(8)
Atom site 9 1 Si4 in 2a (0,0,%);
Occupation 0.47(6)

Biso (102 an)

0.46(8)

Compound

T12 — Cezlr1ZSi7

T13 — CE3ll'zsi2

T14 — Cegll'3siz

Space group
Pearson symbol
Structure type

Lattice parameters, [nm]

P63/m (No 176)
hP21
HOth12A57

a = 0.97330(4)

Cmcm (No 63)
0(28

Sm3lr25i2
a=0.41178(2)
b = 1.08136(4)

Pnma (No 62)
oP32
Ce3Rh3Si2

a = 0.76950(2)
b = 1.48111(4)

(continued on next page)
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Table 3 (continued )

Compound T12 — Cezlry3Si; 713 — Ceslr,Si, T14 — CeslrsSi,
¢ =0.38664(2) ¢ =1.33775(6) ¢ =0.57065(2)
Cell volume, [nm?] 0.31722(3) 0.59567(4) 0.65038(3)
20 range, [°] 10 < 20 < 90 10 <20 <90 10 <20 <90
Number of reflections 117 170 309
Number of parameters 17 16 26
Rg = =|Fo-F(|/=F, 0.036 0.046 0.048
Ri = Z|lo-1¢|/Zlo 0.055 0.082 0.080
Ruwp = [EWilYoi-Veil2/EWilYoil 2] 0.146 0.076 0.116
Rp = Z|Yoi-Yeil [Z|Yoil 0.112 0.058 0.091
Re = [(N-P + Q)/swiy%i)]” 0.105 0.044 0.093
%2 = (Rwp/Re)? 1.90 3.04 157
Atomic parameters
Atom site 1 2 Celin 2d (2/3,1/3,1/4); 8 Celin 8f(0,y,2); 8 Cel in 8d (x,y,2);
y = 0.2287(3), x = 0.0228(3),
z=0.1018(2) y =0.1109(2),
z=0.6391(5)
Occupation 1.0(—) 1.0(-) 1.0(-)
Biso (102 nm?) 1.9(4) 0.54(7) 0.74(7)
Atom site 2 6 Ir1 in 6h (x,y,%); 4 Ce2 in 4c (0,y,%); 4 Ce2 in 4c (x,%,2);
x = 0.0626(9), y = 0.5239(4) x = 0.1675(7),
y = 0.4475(11) z = 0.0974(9)
Occupation 1.0(—) 1.0(-) 1.0(—)
Biso (102 nm?) 0.89(10) 0.54(7) 0.74(7)
Atom site 3 6 Ir2 in 6h (x,y,%); 4 1Ir1 in 4c (0,y,%); 81Ir1 in 8d (x,y,2);
x = 0.2628(6), y = 0.8146(3) x = 0.1652(4),
y = 0.1426(10) y = 0.0400(1),
z=0.1057(5)
Occupation 1.0(—) 1.0(—) 1.0(—)
Biso (102 nm?) 0.89(10) 0.88(7) 0.94(5)
Atom site 4 6 Sil in 6h (x,y,%); 4 1r2 in 4b (0,'4,0); 41r2 in 4c (x,Y%,2);
x = 0.289(6), x =0.3188(6),
y = 0.413(5) z = 0.5625(6)
Occupation 1.0(—) 1.0(-) 1.0(—)
Biso (10?2 nm?) 2.8(8) 0.88(7) 0.94(5)
Atom site 5 1 Si1 in 4e (0,0,2); 8 Sil in 8f(0,y,2); 8 Sil in 8d (x,y,2);
z=0.092(1) y = 0.946(2), x = 0.358(2),
z = 0.093(1) y = 0.1146(9),
z = 0.428(2)
Occupation 0.25(1) 1.0(-) 1.0(-)
Biso (10 nm?) 2.8(8) 1.5(3) 1.6(3)

from Ceg4lry7Sigg to Ceglry;Sig7 at. %. This unique homogeneity re-
gion along iso-concentration line of 27 at. % Ir assumes the unusual
substitution of small silicon atoms by significantly larger cerium
ones. Also, the iridium concentration is identical to non-
stoichiometric IrSi3_x phase, but there is a clear boundary between
these two phases as seen in SEM images of CeslrpgSigg (at.%) alloy
(see Fig. 2d). This indicates that these two compounds are related
but are essentially different phases. The XPD study of CeslrygSigg
alloy demonstrates the presence of monoclinic phases Irs3Sis and
alrSis_x together with a new phase which was indexed in hexag-
onal symmetry with parameters a = 044329 nm and
b = 0.65788 nm. These parameters of 7; phase, converted to
orthorhombic (a’ = ay/3; @ = 0.7685 nm, b = 0.4437 nm,
¢ = 0.6586 nm), are similar to the cell parameters of BIrSiz_y.
Further studies of unconventional homogeneity region of 7; phase
and its complete structural information of the atomic order are
needed.

76 — CeslrSiz crystallizes with the orthorhombic structure of the
TasB4-type, space group Immim, lattice parameters a = 0.41323(1)
nm, b = 0.42755(1) nm, and ¢ = 1.8182(1) nm. Preliminary SEM and
EPMA tests of the alloy with exact 3:1:3 stoichiometry indicated
single phase state of the prepared sample. The set of the experi-
mental peaks of a XPD pattern was successfully indexed in ortho-
rhombic unit cell with the dimensions ~0.41 x 0.43 x 1.81 nm,
similar to those for the related compound CesRhSis, which had
been studied before [9]. Further Rietveld refinement of the XPD

pattern revealed the crystal structure to be isotypic with Ce3RhSi3
(TasB4 type of the crystal structure, see Table 3).

1g — CeslrsSiy. The phase of 3:4:4 stoichiometry composition
(~Cey7lr3e5Si365 at.%) was not detected by EPMA and SEM tech-
niques in as-cast alloys. However, the new phase was observed in
the annealed samples in equilibrium with known compounds
CelrSi and Celr,Si,. UsNigSig-type as a model of the atomic order
was successfully utilized in the Rietveld refinement. Space group
Immm (No. 71), unit cell parameters a = 0.40241(2) nm,
b = 0.41430(2) nm, ¢ = 2.4345(1) nm. A set of experimental con-
ditions and results of refinement are presented in Table 3.

710 — Ceglr3pSizg and 712 — Cealr2Siz. Two hexagonal ternary
compounds, T19 — Ceglr3pSitg (ScgCo30Sitg-type) and t13 — Ceylr,Siy
(HozRh12As7-type), were found in the high iridium content area of
the Ce—Ir—Si phase diagram. These two compounds belong to a
hexagonal structure series with linked triangular columns
following the general formula Cep 1) Tg(n241)Sign23 and described
in Refs. [9,60,61] (n = 1 for 71, — CeylrpSiz, n = 2 for 719 —
Ceglr3pSijg). In contrast to analogous ternary Ce-Rh-Si system [9],
other members of this series with n = «, 3 and 4 were not observed
in Ce—Ir—Si system at 950 °C. Fig. 2e and f shows SEM images of
CeylrgeSizy and Ce7IrgsSizp (at.%) alloys revealing two ternary
equilibria: Iry5Si — Ir3Si — 71 and Ir — Ir3Si — 719. Since 713 is located
exactly between 119 and Irs3Si phases (i.e. pure 712 can be obtained
by mixing 719 and Ir3Si), there is a degenerate triangle near 71, —
Ce,Iry3Si7 phase (see Fig. 1). The results of the Rietveld refinements
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of T190 and 712 phases are presented in Table 3.

T13 — Ceslry_xSiy.x. Powder XPD pattern of Ceslr;Si, revealed
orthorhombic symmetry of the new compound, the crystal struc-
ture of which was found to be isotopic to ternary Smslr,Siy, a site
occupancy variant of the W3CoBs type structure [62]. Rietveld
analysis presented in Table 3 confirmed that Ceslr,Siy belongs to
Smslr;,Siy crystal type with the space group Cmcm (No. 63), 0C28,
cell parameters a = 0.41178(2) nm, b = 108136(4) nm,
¢ = 1.33775(6) nm, V = 0.59567(4) nm° and Z = 4 formula units per
cell. The Ir—Si distances range from 0.246 to 0.254 nm, which is an
indication of strong bonding [62]. Ceslry_4Siy. x exhibits a homo-
geneity region along 42.9 at% of Ce iso-concentrate line with Si
concentration ranging from 28.5 to 31.5 at.% (i.e., 0.0 < x < 0.2), see
Fig. 1 and Table 1.

714 — CeslrsSiy. The compound with the same stoichiometry is
observed in Ce-Rh-Si ternary system [4], and XPD pattern of
CeslrsSi, revealed similarities with Ce3Rh3Si, pattern. The results of
Rietveld analysis presented in Table 3 confirmed that CeslrsSiy
belongs to CesRhs3Si; structural type with space group Pnma (No.
62), oP32, cell parameters a = 0.76950(2) nm, b = 1.48111(4) nm,
¢ =0.57065(2) nm, V = 0.65038(3) nm> and Z = 4 formula units per
cell. The structure can be presented as an intergrowth of FeB- and
YPd,Si-type slabs [63]. At 950 °C CeslrsSiy participates in equilibria
with 5 ternary and three binary Ce—Ir phases, and has no homo-
geneity region.

5. Summary

Phase relations in the ternary system Ce—Ir—Si at 950 °C have
been established based on 83 alloys, which were characterized by
XPD, SEM and EMPA techniques. Fifteen ternary compounds were
detected. Among them 8 phases have been reported earlier and
their crystal structures were confirmed in the present work.
Structure prototypes are assigned to six new Ce—Ir—Si compounds
and the crystal structure of one new ternary intermetallic t1—
Ceylry7Sigg (at.%) is unknown. Except for the 71 compound, which
exhibit homogeneity region along Ir iso-concentrate, binary and
ternary iridium silicides do not dissolve cerium. Mutual solubility
between silicon and iridium, however, results in formation of
extended homogeneity regions for many compounds in the
Ce—Ir—Si system.
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