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Abstract

The phase equilibria in the Laz03-Luz03-Ho203 ternary system at 1500 °C were studied by X-ray diffraction (XRD)
and scanning electron microscopy (SEM) in the whole concentration range. La203, Luz203, and Ho203 (99.99 %) were
used as starting substances. The experimental samples were prepared with a concentration step of 1-5 mol%. The
oxides were dissolved in HNO3 (1 : 1) followed by evaporation of the solutions and decomposition of nitrates at 800
°C for 2 hours. The samples were heat treated at 1500 °C (for 70 h) in air. The phase composition of the test samples
studied by X-ray diffraction (XRD, DRON-3), microstructural phase and electron microprobe X-ray (Superprobe-
733, JEOL, Japan, Palo Alto, CA) analyses. Solid solutions based on various polymorphic forms of original oxides
and ordered LaLuOs phase were detected in the system. No new phases were found in the system. The isothermal
cross-sections of the Laz03-Luz03-Ho203 phase diagram at 1500 °C are characterized by the presence of four single-
phase (A-Laz0s3, B-Laz03, R, C-Luz03 (Ho203)), five two-phase (C+ R, A +R, B + A, B +R, B + C) and two three-phase (A
+ R+ B, B + R + C) regions. Solubility limits are determined and concentration dependences of periods also lattice
parameters of the unit cell of phases formed in the system are constructed. The range of homogeneity of solid
solutions based on the R-phase extends from 0 to 8 mol% Ho203 and from ~47 to 54 mol% Laz03 at 1500 °C. Lu and
Ho oxides form an continuous series of C-REE oxide solid solutions.

Keywords: phase equilibria; lanthana; lutetia; holmia; isothermal section; solid solutions; lattice parameters.

®A30BI PIBHOBATH Y CUCTEMI Laz03-Luz03-Ho2033A 1500 °C
Oaibra B. UyainoBuul?, Onekcanap B. llupokos?, AHaTousii B. Camentok!, MapuHa B. 3amynal,

TeTsHa A. KameHcbka?
1[Hcmumym npobsaem mamepiano3Hascmsa im. LM. ®panyesuua HAH Ykpainu, 8ya. Omensua lpiyaka, 3, Kuis, Ykpaiua,
03142
2HayioHaabHull mexHivyHull yHisepcumem Ykpainu “Kuiecvkuli nosimexuiuHuli incmumym imeni lzops Cikopcbkozo”, npoch.
Ilepemozu, 37, m. Kuis, Ykpaina, 03056
AHoTalis
HJocnigkeHo ¢a3oBy B3aeMOAil0 y mnoTpilHii cucremi Laz03-Luz03-Hoz203 3a 1500°C y BcboMy iHTepBasi
KOHIeHTpaniil. Okcuau La, Lu, Ho (99.99 %) BUKOpHCTOBYBa/JHM fAAK BUXiJAHI pe4oBMHHU. KOHIleHTpamiiHUNA KPOK
AOCJIiJKyBaHUX 3pasKiB - 1-5 mMos1. %. BuxigHi okcuau po34uHAAM B HiTpaTHiN kuciaoti (1 : 1) 3 mojganpmuMm
BUIIAPOBYBAaHHSAM pO34YUHIiB i po3ksagaHHaM HiTpaTiB npu 800 °C mporarom 2 roauH. TepMooGpoGKy 3pa3kKiB
npoBoauan npu 1500 °C (mpotsarom 70 roa) y moBiTpi. ®a3oBuil ck/Iaj 3pa3kiB BUBYA/JIM 3a J0NOMOrol0
peHTreHiBcbkoi gudpaxuii (XRD, DRON-3), mikpocTpykTypHoro ¢asoBoro aHanisy (Superprobe-733, JEOL, fnonis,
Iano-AnbTo, Kanidopnisa). Y norpiitHiit cucremi Laz03-Luz03-Ho203 yTBOpIOIOTbCA TBEpJi PO3YMHM HA OCHOBI
pi3Hux noyaiMop¢Hux Mmoaudikanii BUXiAHUX OKCUAIB i BiopsAAKoBaHoi ¢pa3u Tuny nepoBckity (LaLu03). Y cucremi
HOBi a3 He yTBopOIOTHCA. [30TepMiuHUMil nepepi3 cucremu Laz03-Luz03-Ho203 3a 1500 °C xapaKTepHU3yHOThCsA
HasABHICTIO YOTUPBHOX ogHOda3Hux (A-Laz03, B-Laz03, R, C-Luz03 (Ho203)), n’stu ABodasuux (C+R,A+R,B+A,B +
R, B + C) i aBox TpudasHux (A + R+ B, B + R + C) o61acreii. [I06ys0BaHO KOHIleHTpaIliiiHi 3a/1e’)KHOCTI NapameTpiB
eJleMeHTapHoiI KoMipku ¢a3, 110 yTBOPIIOThCA Y cucTeMi. 06/1acTh TOMOTeHHOCTi TBepAUX PO34YUHIB HAa OCHOBI R-
¢a3u npocraraerbes Big 0 7o 8 moab % Ho203 i Big ~47 a0 54 moa1% Laz03 npu 1500 °C. Okcujam jawTenio Ta
roJibMilo yTBOpPIOIOTh HelepepBHMM psi/Ji TBepPAUX PO34YHHIB Ha 0CHOBI Ky6iuHoi Moagudikanii okcuais P3E.
Knawuosi cnosa: da3oBi piBHOBary; OKCHAM JIAaHTaHY; JIIOTELilo; rojbMilo; i3oTepMmiuHMM nepepis; TBepAi po3uHHY;
napaMeTpH eJleMeHTapHOI KOMipKH.
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Introduction

Recently, significant attention has been paid to
research on developing phosphors based on rare
earth elements. These materials have a wide
range of applications in such fields as solar cells,
optical fiber communication systems, solid-state
lasers, display panels, and electron beam tubes
(CRT) [1-9]. The oxides of rare earth elements
are chemically stable with low phonon energy,
which allows RE3+ ions to be doped with other
ions such as Ho3+, Eu3+, Ce3+, Tb3+ Tm3+ and Sm3+
For example, lanthanum oxide (La>03) has unique
characteristics such as a wide band gap of 4.3 eV,
high stability, close ionic radius to other RE ions,
luminescence, and low phonon energy ~400 cm-1
[9]. Doping lanthanum oxide with different REE
makes it attractive for photoconverters due to its
optical, luminescent, and dielectric properties.
Lutetium oxide is used for scintillation materials
[10]. Lanthanum oxide is used for special high-
tech glasses, transmitting infrared and absorbing
ultraviolet rays [11].

The phase equilibria in the La;03-Luz03
system were examined by X-ray diffraction and
thermal analysis at high temperatures [12]. The
melt was crystallized at temperatures above
2000 °C to obtain perovskite-like LaLuO3 single
crystals. The orthorhombic cell parameters are a
= 6.00 nm, b = 5.79 mn, c=8.35nm and space
group is Pnam [12]. The paper [13] provides
calculations of oxygen vacancies in La;03, Luz0s3,
and LaLuOs; but there was no data on phase
equilibria. The Laz03-Luz03 system at 1500 °C
(and at 1600°C) is characterized by the hexagonal
(A) modification of lanthanum oxide with the
solubility of Luz0z 9 mol% (and 9 mol.% at
1600 °C), cubic (C) modification of lutetium oxide
with the solubility of A-Laz03; 4 mol.% (and
7 mol. % at 1600 °C), and ordered perovskite-
type LaLuOs (R) phase in the range 48-56 mol.%
Lu203 (and 48-55 mol.% Lu.03 at 1600 °C) [14].

Phase relations and phase structures formed
in the La;03-Ho203 binary system were studied in
[16-19]. It should be noted that research in this
system was conducted both experimentally [17-
19], and using thermodynamic calculations [16].
In [17], the existence of several types of solid
solutions was established: high-temperature
cubic (X), hexagonal (A and H), monoclinic (B),
and low-temperature cubic C-type Ln;0s. In [19]
it was found that below the temperature of
1300 °C the formation of an ordered phase with a
structure of the perovskite LaHoO3 is observed.
The lattice parameters of the ordered phase with
the  structure of the  perovskite-type

a=0.5885nm, b=0.6094 nm, c=0.8508 nm are
established. At the same time, according to the
results of thermodynamic calculations, the
existence of an ordered phase with a perovskite-
type structure has not been established [16]. The
liquidity curve of the La;03-Ho0,03 binary system
is characterized by the formation of a minimum
near the composition of 20 mol% La,03 [17-18].
It is established that in the La,03-Ho0,03 system at
1500 °C three types of solid solutions are formed:
based on hexagonal modification A-La;03,
monoclinic modification B-Ho,03 and cubic
modification C-Ho;03 which are separated by
two-phase fields (A + B) and (B + C), respectively
[15]. The boundaries of the regions of
homogeneity of solid solutions based on A-La»03
are determined by compositions containing 25-
30 mol% Ho;03 at 1500 °C [15]. It is established
that the region of homogeneity of cubic solid
solutions of C-type extends from 100 to 82 mol%
Ho;03zat 1500 °C [15].

The phase diagrams of the system consisted of
oxides at the end of the lanthanide series feature
infinite solid solutions based on A, B, C, H, and X
modifications of REE oxides [20-22].

Phase equilibria in binary systems based on
oxides of rare earth elements have been studied
completely [23-27]. Information on phase
equilibria in the ternary La;03-Lu203-Ho0203
system is absent and requires further research.
The purpose of this work is to study the
interaction of lanthanum, lutetium and holmium
oxides at 1500 °C in the whole concentration
range and to construct the corresponding
isothermal cross-section of the phase diagram.

Experimental

Lanthanum oxide, Laz03, lutetium oxide,
Luz03, holmium oxide, Ho203 (all 99.99 %), and
analytical-grade nitric acid were used as the
starting materials. In total 100 compositions in
the La;03-Luz03-Ho203 system were prepared in
the present work for experimental analysis. The
experimental samples were prepared in step 1-
5mol% from nitrate solutions with their
subsequent evaporation and decomposition at
800 °C for 2 h. Powders were pressed at 10 MPa
into pellets of 5 mm in diameter and 4 mm in
height. To study phase relationships at 1500 °C
thermal treatment of as-prepared samples was
carried out in two stages: at 1100 °C (for 980 h in
air) and then at 1500 °C (for 70 h in air) in the
furnaces with heating elements based on Fecral
(H23US5T) and Superkanthal (MoSi2),
respectively. The heating rate was 3 °C/min-1.
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X-ray diffraction analysis of the samples was
performed by a powder method at room
temperature (CuKo radiation). The scanning
speed of 0.05-0.1° 20/min was employed in the
15° to 80° 20 range. The effective precision of the
measurements was  +0.0002 nm. Lattice
parameters were refined by least squares fitting
using the LATTIC program. The uncertainty in the
lattice parameter of cubic phases was within
0.0002 nm. Phase composition has been
determined with the aid of International powder
standards (JSPDS International Center for
Diffraction Data 1999).

Microstructures were examined on polished
sections of annealed samples by electron-probe
x-ray microanalysis (EPXMA) in backscattered

electron (COMPO) and secondary electron (SEI)
modes.

Results and discussion

The tested samples were made into five
beams: Lu203-(50 mol % Laz03-50 mol % Ho,03),
La203—(50 mol% Lu203—50 mol% H0203), H0203—
(50 mol% Lu203—50 mo 1% La203), LuZ03—(40
mol% La;03-60 mol% Ho203), Luz03-(70 mol%
La;03-30 mol% Ho203). Chemical and phase
compositions of the samples annealed at 1500°C
and the lattice parameters of the phases that are
in equilibrium at this temperature are
summarized in Table. The results were used to
construct the isothermal section of the La;03-
Lu,03-Ho,03 phase diagram at 1500 °C (Fig. 1).

0 /
Lax0s; 10 A*B ~ B

60 70 80 90

Ho203

Fig. 1. The isothermal section at 1500 °C for the system La203-Luz203-Ho0203 (© - single-phase, © - two-phase and e-
three-phase regions)

Table
Phase composition and lattice parameters of the phases in the Laz03-Luz03-Ho203 samples, annealed at 1500° C
Chemical composition, Lattice parameters of the phases
mol % Phases by XRD, lattice parameters of 0£0.0002, nm
Lu203 Laz03 Ho203 the phases, nm R <C>
a b c a
1 2 3 4 5 6 7 8
Section Lu203—(50 mol % La203—50 mol % Ho203)
0 50 50 <B> (a=1.465,b =0.362,
c=0.872)
1 49.5 49.5 <B> (a=1.468,b =0.363,
c=0.873)
2 49 49 <B> (a=1.485, b = 0.366, 0.586 0.608 0.844
c=0.871)+R
3 48.5 48.5 <B> (a=1.467,b=0.361, 0.600 0.594 0.845
c=0.878)+R
5 475 47.5 <B> (a=1.451,b=0.362, 0.585 0.608 0.845

c=0.876)+R
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Continuation of Table

10 45 45 <B> (a=1.631, b =0.359, 0,588 0,604 0,843 1,054
c=0911)+ R+ <C>
20 40 40 R+ <C> 1.052
70 15 15 R+ <C> 0.582 0.602 0.843 1.043
80 10 10 R+ <C> 0.579 0.601 0.854 1.041
85 7.5 7.5 R+ <C> 0.579 0.596 0.854 1.041
90 5 5 Rtr + <C> 1.040
95 2.5 2.5 <C> 1.039
100 0 0 <C> 1.039
Section Ho203—(50 mol % Laz03—50 mol % Lu203)
49.5 49.5 1 R 0.580 0.599 0.839
49 49 2 R 0.583 0.599 0.835
48.5 48.5 3 R 0.581 0.599 0.836
48 48 4 R 0.582 0.599 0.837
47.5 475 5 R 0.581 0.599 0.822
45 45 10 R + <C>tr 0.581 0.600 0.837
425 425 15 R +<C> 0.539 0.604 0.873
40 40 20 R+ <C> 0.581 0.600 0.839 1.049
30 30 40 R +<C> 0.585 0.607 0.843 1.061
Section Lu203—(70 mol % La203—30 mol % Ho203)
3 67,9 29,1 <B> (a =1.488, b = 0.370,
¢ =0.835)
5 66,5 28,5 <B> (a =1.511, b= 0.370,
c=0.837) +R
10 63 27 <B> (a =1.408,
b=0.369,c=0.912) + R +<A>
(a=0.652,b=0.379)
15 59,5 25,5 <B> (a=1.477,b=0.352,
c=0.916) + R+ <A>
(a=0.654,b = 0.378)
Section Laz03—(50 mol % Luz03 — 50 mol % Ho203)
50 0 50 <C> 1.047
49 2 49 <C> — — — 1.049
47.5 5 47.5 R tr + <C> 1.051
45 10 45 R tr + <C> 1.051
30 40 30 R+<C> 0.603 0.602 0.772 1.054
29 42 29 R +<C> 0.591 0.605 0.783 1.052
27.5 45 27.5 R+ <C> 0.584 0.605 0.838 1.049
26 48 26 R 0.585 0.6045 0.841
23.5 53 23.5 R 0.584 0.6035 0.840
22.5 55 22.5 R+ <A> (a=0.655, c=0.372) 0.584 0.603 0.841
20 60 20 R+ <A> (a=0.649, c=0.379) 0.583 0.603 0.841
7,5 85 7.5 R + <A> (a=0.649, c=0.381) 0.580 0.603 0.843
5 90 5 R+ <A> (a=0.646, c=0.382) 0.583 0.601 0.838
4 92 4 Rtr + <A> (a=0.648, c=0.383)
25 95 25 Rtr + <A> (a=0.650, c=0.382)
Section Lu203—(40 mol % La203—60 mol % Ho203)
5 38 57 <B> (a=1.753, b =0.365,c=0.869) + 1.068
<C>
10 36 54 <B> (a=1.703,b=0.363,c=0.862) + 0.586 0.604 0.849
<C>+R
6 65 29 <B>(a=1.484,b=0.363,c=0.889) + R 0.608 0.587 0.863

An examination of the X-ray data and
microstructural analysis has not identified any
new phase in the La;03-Lu,03-Ho203 system. The
phase equilibria in the ternary La;03-Lu,03-
Ho,03 system at 1500 °C are determined by the
boundary of binaries and four homogeneity fields
of solid solutions have been identified. It has been
found that in the system La;03-Luz03-Ho0:03 the
following solid solutions are in equilibria at
1500 °C based on the cubic (C) Luz03(Ho203),

hexagonal (A) and monoclinic (B) Laz03, as well
as ordered phase of perovskite-type of LaLuO3
(R).

Lu and Ho oxides form series of C-REE oxide
solid solutions. This field ranges along the Lu,03-
Ho,03 side of the composition triangle. The C-
phase homogeneity range extends in compliance
with its solubility limits in the binary La;03-
Lu,03, Laz03-Ho203, and Lu;03-Ho203 systems.
This direction of the homogeneity range of the C-
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phase indicates that Lu3+* ions are predominantly
replaced by Ho3* ions and vice versa, without
charge compensation. Using the concentration
dependences of the unit cell parameters, it was
established that the range of homogeneity of
solid solutions based on the C-phase extends
1.056 —
1,054—-
1.052—-
1.050——
1,048—-

1.046 |

a(C), nm

1.044
1.042
1.040

1.038

from 94 to 100 mol% Lu203; at 1500 °C in the
section Luz03-(50 mol% Laz03-50 mol% Ho,03)
and from 0 to 4 mol% La,0s; at 1500 °C in the
section La;03-(50 mol% Lu203-50 mol% Ho,03)
(Fig. 2, 3).

i C

1.036 : , : ,
0 20 40

T T T YRR
60 80 100

mol. % Lu O,

Fig. 2. Concentration dependence of lattice parameters for solid solutions based on C-type of rare-earth oxides along
the section of Lu203- (50 mol % Ho203-50 mol % Laz03) in the system Laz03-Lu203-Ho0203 heat-treated at 1500 °C

1.052 —

1.051

4

1.050

< 1.049

a(C), nm

1.048 A

1.047

1.046

R+C

10 20

T y T u 1
30 40 50

mol. % La O,

Fig. 3. Concentration dependence of lattice parameters for solid solutions based on C-type of rare-earth oxides along
the section of La203-(50 mol % Ho203-50 mol % Luz03) in the system Laz03-Lu203-Ho0203 heat-treated at 1500 °C

The lattice parameters of the unit cell C-phase
vary from a= 1.039 nm in sample, containing
95 mol% Lu;03-2.5 mol% La>03-2.5 mol% Ho,03
to a= 1.041 nm in two-phase sample (C + R),
containing 85 mol% Lu;03-7.5 mol% Laz03-7.5
mol% Ho203 in the section Luz03-(50 mol%
Laz03-50 mol% Ho:03). The lattice parameters of
the unit cell C-phase vary from a= 1.049 nm in
sample, containing 49 mol% Lu:03-2 mol%
La;03-49 mol% Ho;03 to a= 1.054 nm in two-
phase sample (C + R), containing 30 mol% Lu,03-
40 mol% Laz03-30 mol% Ho203 in the section
La203—(50 mol% Lu203—50 mol% H0203).

The cubic solid solutions formation is
characteristic of oxides at the end of the
lanthanide series (Yb203, Er,03, Ho203, Lu,03). For
comparison, in the La;03-Luz03-Yb,03 system at
1500 [26] and 1600 °C [25] and La;03-Luz03-
Er,0z; system at 1500 and 1600°C [27], a
continuous series of solid solutions based on the
C-form of REE oxides is also formed.

The X-ray diffraction patterns for the samples
in the La;03-Lu203-Ho,03 system at 1500 °C are
presented in Figure 4.
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mol % Laz03-5 mol % Ho20s3, (R+C); f) 20 mol % Luz203-60 mol % Laz03-20 mol % Ho20s, (R+C)

Fig. 4 XRD patterns of the samples for the Laz03-Lu203-Ho203 system heat-treated at 1500 2C

In the ternary system La;03;-Luz03-Ho203 at
1500°C, the ordered phase of perovskite-type
with rhombic distortion has been revealed. The
boundaries of the homogeneity field of the
ordered phase LaLuO3 (R) at 1500 °C have a
substantial extension (48-53 mol % Lu;03) along
the side of the Laz03-Luz03 concentration
triangle. The stability of the R-phase by the
addition of a third component (Ho203) increases

markedly in comparison with the binary system
Laz03-Luz03. The field of solid solutions of the
perovskite-type phase is directed toward the
opposite side of the concentration triangle
corresponding binary Ho,03-Lu,03 system. The
maximum solubility of holmium oxide in the R-
phase is ~8 mol% along section Ho203-(50 mol
% Laz03-50 mol% Lu;03) (Fig. 5). The lattice
parameters of the unit cell R-phase vary from a =
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0.580 nm, b = 0. 599 nm, ¢ = 0.839 nm in the
single-phase sample, containing 49.5 mol %
La;03-49.5 mol % Lu;03-1 mol % Ho;03to a =

0.608

0.606

0.604

b(R), nm

0.602

0.600

0.598

0.585 nm, b = 0.607 nm, ¢ = 0.843 nm in the two-
phase sample (R + C), containing 30 mol %
La203—30 mol % Lu203—40 mol % H0203

0

I
I
:
8 T 1

10 20

mol. % Ho,O,

Fig. 5. Concentration dependence of lattice parameters (b) for solid solutions based on R-phase along the section of
Ho203- (50 mol % Laz03-50 mol % Luz03) in the system Laz03-Luz03-Ho203 heat-treated at 1500 °C

Using the fig. 1,3,5,6, it was established that
the range of homogeneity of solid solutions based
on the R-phase extends from 47 to 54 mol%
La;03 at 1500°C in the section Laz03-(50 mol%

Lu203-50 mol% Ho,03) (Fig. 6). The perovskite-
type phase exists in a two phase (B+ R, C+ R, A +
R) and three-phase (B + A + R, B + C + R) fields.

0.605 -
E 0.604 -
~
Ry
0.603 - *—
R+A
T T T T 1
70 80 90

mol. % La O,

Fig. 6. Concentration dependence of lattice parameters (b) for solid solutions based on R-phase along the section of
Laz03-(50 mol % Ho203-50 mol % Luz03) in the system Laz03-Luz03-Ho0203 heat-treated at 1500 °C

The formation of the R-phase was observed in
some systems Laz03-Luz03-Yb20s3, La;03-
Luz03—EF203, La203—Y203—Nd203, La203—Y203—
szog, La203—Y203—Er203 and Lazog—Yzog—szog
at 1500 °C [25-27]. Similar to this system, in the
Laz03-Y203-Nd203 system at 1500 °C, a region of
solid solutions is formed based on an ordered
phase with a perovskite-type structure. The
maximum solubility of neodymium oxide in the
R-phase is ~7 mol % along section Nd;03-(50
mol% Laz03-50 mol % Y»03) [23].

In contrast, in the La;03-Lu;03-Yb,03 [26],
La203—Lu203—Er203 [27] and La203—Y203—Er203
systems at 1500 °C, continuous series of solid
solutions based on an ordered phase with a
perovskite-type structure are also formed. This
indicates the mutual substitution of Lni3+ ions by
Ln,3+, and vice versa.

Due to the thermodynamic stability of the
ordered R-phase in the Laz03-Lu;03-Ho203
system the two three-phase field triangle of
transformation (B + C + R, R + A+ B) occur.
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Depending on the holmium oxide content, the
microstructural changes from the single-phase
samples (R) to the two-phase samples (C + R) can
be followed in Fig. 7. In Fig. 7 shows the
microstructures of the samples section on the

AZ115 401

C

Ho203-(50 mol % La;03 - 50 mol % Lu203)
section. The C-phase is light and the R-phase is
dark. With increasing holmium oxide content, the
amount of the C-type phase increases (Fig. 7).

A3119_ 401

a) 47.5 mol % Lu203-47.5 mol % Laz03 -5 mol % Ho20s3 (R); b) 45 mol % Luz203-45 mol % Laz03-10 mol % Ho203 (R
+C); c) 42.5 mol % Lu203-42.5 mol % Laz03-15 mol % Ho20s3 (R +C); d) 40 mol % Luz03-40 mol % Laz03-20 mol %
Ho203 (R +C), dark phase - R, light phase - <C>-Luz03, black - pores

Fig. 7. SEM microstructures of the samples in the definite field of compositions of the system Laz03-Lu203-Ho203
heat-treated at 1500 °C

In the region with a high content of La;03 solid
solutions are formed based on the hexagonal
modification of lanthanum oxide. For XRD data in
these samples, instead of the hexagonal
modification of La;03, the hexagonal modification
of A-La(OH)3 is provided (Fig. 4). This arose in
this work, however, proper storage and prompt
investigation after annealing would have made it
possible to obtain A-La;0s. Nevertheless, since
this applies only to A-La;03 in the investigated
system, the results obtained for La(OH)3; can be
attributed to A-La;0s. The homogeneity range of
the A-phase is not extensive and is concave in the
direction of decreasing lutetium oxide content
and passes under its solubility limits in the
boundary binary La;03-Lu;03 and La,03-Ho,03
systems. The solubility of lutetium oxide in the A-

phase is ~4 mol % along section La;03-(50 mol.
% Lu203-50 mol. % Ho203) (Fig. 1). This type of
deviation from additivity corresponds to
contraction of hexagonal lattice on the appearance
of smaller Lu3+ ion in the La3+ site.

The system forms a homogeneity field of solid
solutions based on the monoclinic modification of
B-La;03.The homogeneity range of the B-phase
passes under its solubility limits in the boundary
binary system. The homogeneity range of the B-
phase at section Luz03 - (50 mol. % La;03 - 50
mol% Ho,03) extends from 0 to 1 mol % Lu;03 at
1500 °C (Fig. 1). The X-ray diffraction patterns
and microstructures of solid solutions based on
the B-phase are presented in Fig. 4 and Fig. 8,
respectively.
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A3126_202

a) 1 mol% Luz203-49.5 mol% Laz03 -49.5 mol% Ho203; b) 80 mol% Lu203-10 mol% Laz03-10 mol% Ho20s3; c)
70 mol% Lu203-15 mol% Laz03-15 mol% Ho203 (R +C); d) 2.5 mol% Lu203-95 mol% Laz03-2.5 mol% Ho:0s3 (R +C); R
- R-phase, C - <C>-Lu203, A - <A>-Laz03,B - <B>-Laz03, black - pores

Fig. 8. SEM microstructures of the samples in the definite field of compositions of the system Laz03-Luz03-Ho203
heat-treated at 1500 °C

Conclusions

Phase relationships have been studied in the
Laz03-Luz03-Ho203 system at 1500 °C. It has
been established that solid state interactions
between three oxides resulted in the formation of
extended fields of solid solutions based on A-
La;03, B-Lay03, C-Lu203(Ho203)), as well as the
ordered phase of perovskite-type LaLuOs; (R).
The largest homogeneity field is represented by
the continuous solid solutions based on the cubic
(C) modification of REO. R-phase is the ordered
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