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Abstract

The phase relations in the La203-Luz03-Er:03 ternary system at 1500 and 1600 °C were studied in the whole
concentration range by X-ray diffraction (XRD) and scanning electron microscopy (SEM). Oxides of La, Lu, and Er
(99.99 %) were used as starting substances. The 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), and 1600 °C (for 10 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 (LaErOs) phases were detected in the system. No new
phases were found in the system. The isothermal cross-sections of the La203-Luz03-Er203 phase diagram at 1500 and
1600 °C are characterized by the presence of three single-phase (A-Laz0s, R, C-Luz03 (Erz03)) and two two-phase (C+
R, A + R) regions. The system forms continuous series of solid solutions based on the cubic modification of C-
Luz03(Erz03) and the ordered perovskite-type phase (R-phase). 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 46 to 54 mol % Laz203 at 1500 °C and
from ~48 to 54 mol % Laz0s3 at 1600 °C. Lutetium and erbium oxides form an continuous series of C-REE oxide solid
solutions.
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®A30BI PIBHOBATHU B CUCTEMI La203-Lu203-Erz03 3A 1500 i 1600 °C

Osbra B. UyainoBuul?, Onekcanap B. lllupokos?, AHaToui#l B. Camentok!?
1[Hcmumym npo6saem mamepiano3Hascmea im. .M. dpanyesuua HAH Ykpainu, m. Kuie
2HayioHasbHulli mexHivHuli ynieepcumem Ykpainu “Kuigcokuii nonimexnivHuili iHcmumym imeni lzops Cikopcvkozo”, m. Kuis

AHoTalif

da3oBi cniBBigHOIEHHA B MOTPiiHIA cucTeMi Laz03-Luz03-Er203 3a 1500 i 1600 °C BUBYa/JIM B YCbOMY AianasoHi
KOHIeHTpaliii Metogamu peHTreHiBcbkoi audpaxnii (PPA) i ckaHyw4yoi esnekTpoHHoi Mikpockomii (CEM). fk
BUXiJHi pe4OBMHHM BUKOPHCTOBYBaJIM oKcuaM La, Lu ta Er (99.99 %). 3pa3ku roTyBaiy 3 KPOKOM KOHLLEeHTPYBaHH:A
1-5 mMoJ1. %. Okcuau po3uuHsAau B HNOs (1 : 1) 3 HACTYyNNHUM BUNIAapIOBaHHAM PO34YMHIB i po3KJIaJaHHAM HiTpaTiB 3a
800 °C mpoTtsarom 2 roguH. 3pa3sku migaaBaau TepMidyHil o6po6ui 3a 1500 °C (mpotsarom 70 roguH) ta 1600 °C
(mpotsasrom 10 roauH) Ha mnoBiTpi. Pa3oBUil cKIaj JOCHiAKyBaHMX 3pa3KiB BHBYAJM 3a [JONOMOrOI0
pentreHodasosoro (P®A, JPOH-3), MiKpOCTPYKTYpHOTro Ta eJIEKTPOHHO-MiKpo30HA0BOro (Superprobe-733, JEOL,
fAnownis, Mano-AnbTo, KanipopHia) anasisiB. Y cucremMi BUAB/IEHO TBepAi pO3YMHM Ha OCHOBI Pi3HUX nmoJ1iMoppHUX
dopm BuxigHuX okcuAiB i BnopagkoBanux ¢pas LaLuOs3 (LaErOs). HoBux ¢as y cucremi He BUABJIeHO. I30TepmiuHi
nepepisu ¢asoBoi giarpamm craHy Laz03-Luz03-Er20s npu 1500 i 1600 °C xapaKkTepu3ylOThCSl HasABHICTIO TPbOX
oaHoda3zHux (A-Laz0s3, R, C-Luz03 (Erz03)) i ABox aABoda3nux (C+R, A+R) o6aacreii. CucTeMa yTBOpIO€E Ge3nepepBHi
cepii TBepAMX po34HHiB HA OCHOBI Ky6i4HOI MoAudikanii C-Luz03(Erz03) Ta BnopsiskoBaHoi ¢pa3u TUIY EPOBCKITY
(R-¢aza). BusHayeHO MeKi PO3YMHHOCTI Ta MOGYAO0BAaHO KOHIEHTpaLiiHi 3asexHocTi mepiofiB i mapameTtpiB
I'paTKHd eJleMeHTapHOiI KOMipKu ¢a3s, 0 YTBOPIKWThCA B cUCTeMi. /lianma3oH roMOreHHOCTi TBepAUX PO3YHUHIB Ha
ocHOBi R-¢a3u npocrsraerbca Big 46 x0 54 moua. % Laz203 3a 1500 °C i Big ~48 g0 54 Mos. % Laz03 3a 1600 °C.
OKcHAHU JII0TeliI0 Ta ep6ilo yTBOPIOIOTh HellepepBHU pPsAJ, TBepAUX po34uHiB okcuAiB C-REE.

Karwuosi caoea: a3oBi piBHOBAry, JJaHTaH, JIOTeLiH, ep6il, mapaMeTpH IpaTKH.
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Introduction

The phosphors based on lanthanides oxides
represent a perspective class of materials for
photovoltaic devices [1-6]. Materials based on
solid solutions of rare earth element (REE) oxides
are used in radio electronics, optoelectronics,
instrument engineering, nuclear and laser
engineering, mechanical engineering, the
chemical industry, metallurgy, medicine, etc. REE
compounds are used to create laser and other
optically active elements [6]. Doping lanthanum
oxide with different REE allows for obtaining
substances with special optical, luminescent, and
dielectric properties, which makes it attractive as
a material for photo converters. Luz03 has a high
density, which is important for scintillation
materials [7]. Lanthanum oxide is a part of high-
tech glasses for special purpose, transmitting
infrared and absorbing ultraviolet rays [8-10].

The phase equilibria in the Laz03-Luz03
system were examined by X-ray diffraction and
thermal analysis at high temperatures [11]. 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 [11]. The paper [12] provides
calculations of oxygen vacancies in Laz03, Luz03,
and LaLuOsz but there was no data on phase
equilibria.

The La;03-Luz03; system at 1500°C (and at
1600°C) is characterized by the hexagonal (A)
modification of lanthanum oxide with the
solubility of Luz;03 9 mol.% (and 9 mol.% at
1600°C), cubic (C) modification of lutetium oxide
with the solubility of A-La;03 4 mol.% (and
7 mol. % at 1600°C), and ordered perovskite-type
LaLuOs3 (R) phase in the range 48-56 mol.%
Lu203 (and 48-55 mol.% Lu203 at 1600°C) [13].

The phase relations and structures of the
phases formed in the La;03-Er;03 system are
examined in [11, 14-21]. It should be noted that
this system was studied experimentally [21] and
assessed thermodynamically [18]. According to
X-ray diffraction, an ordered LaErOs (R)
perovskite-type  phase with a  narrow
homogeneity range forms in the La;03-Er;0;
system [11]. The lattice parameters of the unit
cell in the ordered stoichiometric LaErQOsz phase
are as follows: a = 0.5864 nm, b = 0.6082 nm, and
¢ = 0.8466 nm. The compound remains stable up
to 1800°C then transforms into a hexagonal H-
La;03 solid solution [17]. In the above system,
there are solid solutions of cubic (C) and
hexagonal (H) Er.0s; modifications and low-

temperature hexagonal (A) and high-temperature
hexagonal (H) and cubic (X) La203; modifications.

The Laz03-Er;03 system at 1100°C (and at
1500°C) is characterized by the hexagonal (A)
modification of lanthanum oxide with the
solubility of Er,0z 5 mol.% (and 13 mol. % at
1500 °C), cubic (C) modification of erbium oxide
with the solubility of A-La;0; ~6 mol.% (and
~11 mol. % at 1500 °C), and ordered perovskite-
type LaErOs; (R) phase in the range 45-51 mol.%
Er;03 (and 45-51 mol.% Er;03 at 1500 °C) [14].

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 [18; 20, 22-25].

Phase equilibria in binary systems based on
oxides of rare earth elements have been studied
completely [11-25]. Information on phase
equilibria in the ternary Laz03-Luz03-Er;03
system is absent and requires further research.
The purpose of this work is to study the
interaction of lanthanum, lutetium and erbium
oxides at 1500 and 1600 °C in the whole
concentration range and to construct the
corresponding isothermal cross-section of the
phase diagram.

Experimental

The starting materials were Lu,03, La;03, and
Er,03 (produced by «Merck» Corp.) with 99.99 %
of the main component. The samples were
prepared with a concentration step of 1-5 mol.
%. Weighed oxide portions were dissolved in
HNOz (1:1) and then the solutions were
evaporated and the nitrates decomposed into
oxides by calcination at 800°C for 2 h. The
powders were pressed as pellets 5 mm in
diameter and 4 mm in height at 10 MPa. The
samples were heat treated in three stages: in a
furnace with H23US5T (FeCrAl alloy) heating
elements at 1100°C and with molybdenum
disilicide (MoSiz) heating elements at 1500 °C
(70 h) and 1600 °C (10 h) in air.

The samples were subjected to X-ray powder
diffraction using a DRON-3 diffractometer at
room temperature (Cu-Ko radiation). The scan
angle was 0.05-0.1 ° in the range 26 = 15-90 °.
The lattice parameters were calculated with the
least-square method employing the LATTIC
software [26], with an error of less than 0.0002
nm for the cubic phase. The phase composition
was determined of the Joint Committee on
Powder Diffraction Standards (JCPDS
International Center for Diffraction Data, 1999).

The microstructures of the samples were
studied by scanning electron microscopy with a
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Superprobe-733 analyzer (JEOL, Japan) in back-
and secondary

scattered

electrons

electrons (SE).

(BSE)

Results and Discussion
For the study samples were taken, the
compositions of which lie on two beams Lu;03-

(50 mol % Laz03-50 mol % Er;03) and La»03-(50

mol % Lu;03-50 mol % Er,03).

The chemical and phase composition of the
samples annealed at 1500 and 1600°C and the
lattice parameters of the phases in equilibrium at
these temperatures are summarized in Tables 1

and 2, respectively.

Table 1
Phase composition and lattice parameters of the phases in the Laz03-Lu203-Er203 samples, annealed at 1500 °C for 70 h

Chemical composition Phases by XRD Lattice parameters of the phases
(mol %) 010.0002 (nm)
Lu203 La203 Er203 R <C> <A>*
a c a a c
Section Luz03—(50 mol % La203—50 mol % Er203)
0 50 50 R 0.612 0.588 0.840
1 49.5 49.5 R 0.609 0.585 0.842
2 49 49 R+<C>tr. 0.586 0.583 0.851
3 48.5 48.5 R+<C> 0.606 0.585 0.842 1.052
4 48 48 R+ <C> 0.594 0.584 0.852 1.041
5 47.5 47.5 R+ <C> 1.047
10 45 45 R +<C> 0.583 0.583 0.857 1.045
15 425 42.5 R +<C> 0.598 0.584 0.850 1.036
20 40 40 R +<C> 0.609 0.581 0.833 1.049
30 35 35 R +<C> 0.548 0.583 0.875 1.047
70 15 15 R +<C> 0.603 0.582 0.836 1.042
80 10 10 Rtr. + <C> 1.042
85 7.5 7.5 Rtr.+ <C> 1.041
90 5 5 Rtr. + <C> 1.040
95 2.5 2.5 <C> - - - 1.039
100 0 0 <C> - - - 1.039
Section Laz03—(50 mol % Luz03—50 mol % Erz03)
50 0 50 <C> 1.044
49 2 49 <C> 1.047
48 4 48 <C> 1.047
47.5 5 47.5 <C> 1.048
45 10 45 Rtr. + <C> 1.049
30 40 30 R +<C> 0.549 0.583 0.874 1.049
29 42 29 R +<C> 0.605 0.583 0.838 1.049
27.5 45 27.5 R + <C> 0.607 0.584 0.841
26 48 26 R 0.594 0.582 0.846
25 50 25 R 0.596 0.582 0.848
23.5 53 23.5 R 0.603 0.582 0.857
22.5 55 22.5 <A>+R 0.603 0.583 0.860 0.650 0.393
20 60 20 <A>+R 0.598 0.585 0.860 0.654 0.385
7.5 85 7.5 <A>+R 0.610 0.584 0.861 0.652 0.379
5 90 5 <A> + Rtr. 0.568 0.581 0.866 0.650 0.384
4 92 4 <A> + Rtr. 0.650 0.386
2.5 95 2.5 <A> 0.651 0.387

*) Note that the oxide of lanthanum is subject to hydration in air and, thus, instead of hexagonal A-Laz03 in the samples
after heat treatment at 1500 °C we found the formation of hexagonal A-La(OH)s. This arose in this work, however, proper
storage and prompt investigation after annealing would have made it possible to obtain A-La203. Nevertheless, since this
applies only to A-Laz03 in the investigated system, the results obtained for La(OH)3 can be attributed to A-La203. Designation
of phases: <A> - solid solutions based on hexagonal modifications of La(OH)s3; <C> - solid solutions based on cubic
modification of Lu203(Er203); R — ordered phase of LaLuOs(LaEr0Os) with perovskite-type structure with rhombic distortions.
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Table 2

Phase composition and lattice parameters of the phases in the Laz03-Lu203-Er203 samples, annealed at 1600 °C for 10 h

Chemical composition Phases by
(mol %) XRD

Lattice parameters of the phases
010.0002 (nm)

Lu203 La203 Er203

R <C> <A>*

a

b c a a c

Section Luz03—(50 mol % La203—50 mol % Er203)

0 50 50 R
1 49.5 49.5 R 0.6043 0.5842 0.8444
2 49 49 R+<C>tr. 0.6039 0.5813 0.8419
3 48.5 48.5 R+<C>
4 48 48 R+ <C> 0.6045 0.5838 0.8435
5 47.5 47.5 R+ <C> 0.6038 0.5843 0.8425 1.0466
10 45 45 R +<C>
15 42.5 42.5 R +<C> 0.6027 0.5837 0.8428
20 40 40 R+ <C> 0.6024 0.5828 0.8411 1.0534
30 35 35 R+ <C> 0.6002 0.5821 0.8407 1.0458
70 15 15 R+ <C> 0.5971 0.5828 0.8355 1.0419
80 10 10 R+ <C> 0.6013 0.5790 0.8382 1.0415
85 7.5 7.5 R tr+ <C> 0.607 0.583 0.8274 1.0421
90 5 5 Rtr. + <C> 1.040
95 2.5 2.5 <C> - - - 1.0389
100 0 0 <C> - - - 1.039
Section La203—(50 mol % Lu203—50 mol % Er203)
50 0 50 <C> 1.0453
49 2 49 <C> 1.0466
48 4 48 <C> 1.0483
47.5 5 47.5 Rtr. + <C> 1.0484
45 10 45 R+ <C> 0.6083 0.5837 0.8537 1.0484
30 40 30 R+ <C> 0.6023 0.5819 0.8395 1.0497
29 42 29 R+ <C> 0.6029 0.5820 0.8509 1.0464
27.5 45 27.5 R +<C> 0.6006 0.5820 0.8388 1.0482
26 48 26 R 0.6044 0.5821 0.8397
25 50 25 R 0.6007 0.5830 0.8418
23.5 53 23.5 R 0.6019 0.5842 0.8424
22.5 55 22.5 <A>+R 0.6022 0.5843 0.8437
20 60 20 <A>+R 0.6007 0.5844 0.8486 0.6479 0.3813
7.5 85 7.5 <A>+R 0.6030 0.5851 0.8333 0.6497 0.3816
5 90 5 <A> + Rtr. 0.6507 0.3818
4 92 4 <A> + Rtr. 0.6505 0.3821
2.5 95 2.5 <A> 0.6517 0.3830

*) Note that the oxide of lanthanum is subject to hydration in air and, thus, instead of hexagonal A-La203 in the samples
after heat treatment at1600°C we found the formation of hexagonal A-La(OH)s. This arose in this work, however, proper
storage and prompt investigation after annealing would have made it possible to obtain A-La203. Nevertheless, since this
applies only to A-Laz03 in the investigated system, the results obtained for La(OH)3 can be attributed to A-Laz03. Designation
of phases: <A> - solid solutions based on hexagonal modifications of La(OH)3; <C> - solid solutions based on cubic
modification of Lu203(Er203); R — ordered phase of LaLuOs(LaEr0Os) with perovskite-type structure with rhombic distortions.

The results were used to construct the
isothermal sections of the Laz03-Luz03-Er;0s3
system at 1500 and 1600 °C (Fig. 1).

Fields of solid solutions based on cubic (C)
modifications of Lu;03(Er;03), hexagonal (A)
modification of La,0s3, and ordered perovskite-

type LaLuOz and LaErO3(R) phases form in the
La;03-Luz03-Er;03; system at 1500 and 1600 °C.
No new phases were found.

XRD patterns of samples characterizing the
phase fields present in the Lay03-Lu;03-Er;03
system at 1600 °C are presented in Fig. 2.
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Lu203

30

"90  Er203

Tu203

La203 10

0 —single-phase and ©- two-phase regions

Fig. 1 The isothermal section of the La203-Luz203-Er203 phase diagram at 1500 (a) and 1600 (b) °C
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4000 | .

Intensity (a. u.)

2000

1-C-LuO,
2 - R-phase
3 - La(OH),

20

a - 49 mol %. Luz03-2 mol % Laz03-49 mol % Erz0s (C);
b - 29 mol %. Lu203-42 mol % Laz03-29 mol % Erz0s3 (C + R);
¢ - 25 mol % Luz03-50 mol % Laz03-25 mol % Erz0s (R);
d - 7,5 mol %. Luz03-85 mol % Laz03-7,5 mol % Erz0s3 (R+ A*- La(OH)3);
e - 2,5 mol %. Lu203-95 mol % Laz03-2.5 mol % Erz03 (A*- La(OH)3)

Fig. 2. XRD patterns from the Laz03-Luz03-Erz03 samples heat-treated at 1600 2C

A infinite continuous serie area of solid
solutions based on ordered perovskite-type
phases forms in the La;03-Luz03-Er,03; system.
This indicates the mutual substitution of
Lu3+(r =0.085 nm) ions by Er3+(r=0.881 nm),
and vice versa. Using the concentration
dependences of the unit cell parameters, it was
established that the range of homogeneity of
solid solutions based on the R-phase extends
from 46 to 54 mol % La;03 at 1500 °C and from

~48 to 54 mol % Laz03 at 1600 °C in the section
Laz03-(50 mol % Lu203-50 mol % Er:03) (Fig. 3).
The lattice parameters of the unit cell R phase
vary from a = 0.609 nm, b = 0. 585 nm, ¢ =0.842
nm in the single-phase sample of the composition
1mol% Luz03-49.5mol % Laz03-49.5 mol %
Er;03to a=0.586 nm, b =0.583 nm, c = 0.851 nm
in the two-phase (R + C) sample of the
composition 2 mol % Lu;03-49 mol % La;0s3-
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49 mol % Er;0 in the section Lu:03;-(50 mol %

0,865 4
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0,583 o

0,582
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mol. % 1 :|__()L

b
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Fig. 3 Concentration dependence of lattice parameters (c and b) for R -based solid solutions annealed at 1500 (a) and
1600 (b) °C along the section Laz03-(50 mol % Luz203-50 mol % Erz03) in the system Laz03-Luz203-Erz203

Similar to this system, in the La;03-Lu,0s3-
Yb,03 [27] and Laz03-Y203-Er,03 [28] systems
at 1500 °C, continuous series of solid solutions
based on an ordered phase with a perovskite-
type structure are also formed. In contrast, in the
La;03-Y203-Nd,03 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
% La203-50 mol % YzOg) [29].

Lutetium and erbium oxides form a
continuous series of C-REE oxide solid solutions.
This field ranges along the Lu;03-Er,03 side of
the composition triangle. This direction of the

1,0420
1,0415
1,0410

1,0405

o(C), nm

1,0400
1,0395

1.,0390
1600

Ci

94 96 98 100

T T T
20 92
mol. % Lu,0,

86 88

a

o(C), nm

homogeneity range of the C-phase indicates that
Lu3+ ions are predominantly replaced by Er3+ ions
and vice versa, without charge compensation.
The composition dependence of the lattice
parameters shows that the homogeneity range of
the C-phase solid solutions extends from 95 to
100 (1500 °C) and ~93 mo 100 (1600 °C) mol %
Luz0; at section Luz03-(50 mol % Laz03-50 mol
% Er,03) (Fig. 4) and from 0 to 6 (1500 °C) and 0
2o 5 (1600 °C) mol % Laz03 at section La,03-(50
mol % Luz03-50 mol % Er.03) (Fig. 5).

For comparison, in the La;03-Lu;03-Yb,03
system at 1500 [27] and 1600 [30] °C, a
continuous series of solid solutions based on the
C-form of REE oxides is also formed.

1,0420
1,0415
1,0410
1,0405
1,0400 —
1,0395
1,0390
c;
T+ 1+ 1+ T -+ T * T + 1T T 1

84 86 88 90 92 94 96 98
mol. % Lu, O,

b

1
100

Fig. 4 Concentration dependence of lattice parameters (a) for C-based solid solutions annealed at 1500(a) and
1600(b) °C along the section Luz03-(50 mol % Laz03-50 mol % Erz03) in the system Laz03-Luz03-Erz03
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1,050
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1500

1600

1,048 4

1,047 4

a(C), nm

1,046

1,045 <

C+R

T T T
20 30 40 50

mol. % La O,

Fig. 5 Concentration dependence of lattice parameters (a) for C-based solid solutions annealed at 1500 and 1600 °C
along the section of Laz03-(50 mol % Luz03-50 mol % Erz03) in the system La203-Lu203-Er20s

The homogeneity range of the solid solution
based on the hexagonal (A) modification of
lanthanum oxide is not extensive wide. Note that
the oxide of lanthanum is subject to hydration in
air and, thus, instead of hexagonal A-La;0s3 in the
samples after heat treatment at 1500 and 1600 °C
we found the formation of hexagonal A-La(OH)3
(Fig. 2 e, d). 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)s; can be attributed to A-
La;03. The field of this homogeneity range is
concave in the direction of decreasing the content
of erbium oxide and extends in accordance with

0.654 —
0.653

0.652

a(A), nm

0.651

0.650 —

T T - T T T
90 92 94 96 98 100
mol. % La,O,

a

boundaries in the bounding La;03-Lu;03 and
La;03-Er;03 binary systems. The composition
dependence of the lattice parameters shows that
the homogeneity range of the A-phase solid
solutions extends from ~94 to 100 (1500 °C) and
~93 to 100 (1600 °C) mol % La:03 at section
Laz03-(50 mol % Lu203-50 mol % Er,03) (Fig. 6).
At 1500 °C, the lattice parameters of the unit cell
of A-La(OH)3z vary from a=0.651nm, c=0.387
nm in the sample of the composition 2.5 mol %
Luz03-95 mol % Laz03-2.5 mol % Er;03 to
a=0.654 nm, ¢=0,385 nm for 1500 °C in the
two-phase (A + R) sample of the composition
20 mol % Lu203-60 mol % Laz03-20 mol % Er;0s.
A similar correlation is at 1600 °C.

0.6545 —
0.6540
0.6535
0.6530

0.6525

a(A), nm

0.6520 -

0.6515

0.6510

0.6505

mol. % La,0O,

b

Fig. 6 Concentration dependence of lattice parameters (a) for solid solutions based on A- La(OH)3 heat-treated at
1500(a) and 1600(b) °C along the section of Laz03-(50 mol % Lu203-50 mol % Er:z03)
in the system La203-Lu203-Er203

Depending on the lutetium oxide content,
microstructural changes in the two-phase
samples (C + R) can be followed in Fig. 7 and 8. In
fig. 7 shows microstructures of the samples lying
on the Luz03-(50 mol % Laz03 - 50 mol % Er,03)
section. In fig. 8 shows microstructures of

samples lying on the La;03-(50 mol % Lu,03 - 50
mol % Er;03) section. The C phase is light and the
R phase is dark. With increasing lutetium oxide
content, the amount of the perovskite-type phase
decreases (Figs. 7, 8).
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Al513_401 AT517_401

R %Al 25w A155340)

c d
a - 15 mol % Lu203-42,5 mol %Laz03-42,5 mol % Erz03 (R + C); b - 70 mol % Luz03-15 mol % Laz03-15 mol %
Erz0s3 (R + C); ¢ - 80 mol % Luz03-10 mol %Laz03-10 mol % Erz03 (R + C); d - 90 mol % Luz03-5 mol %Laz03-5 mol %
Er:0s, (R + C). Light phase - C, dark phase - R, black - pores.
Fig. 7. SEM microstructures of the samples heat-treated at 1500 °C in the definite field of compositions of the
system Laz03-Luz03-Erz03
VA T SRR A

A1533 401

A1339_401

C

a - 47.5 mol % Lu203-5 mol % Laz03-47.5 mol % Erz0s3 (R + C); b - 45 mol % Lu203-10 mol % Laz03-45 mol %
Erz0s (R + C); ¢ - 29 mol % Luz03-42 mol % Laz03-29 mol % Erz0s3 (R + C); d - 27,5 mol % Luz203-45 mol % Laz03-27,5
mol % Er203, (R + C). Light phase - C, dark phase - R, black - pores.

Fig. 8. SEM microstructures of the samples heat-treated at 1600 °C in the definite field of compositions of the
system La203-Lu203-Er203
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Conclusions

Phase equilibria have been studied in the
Laz03-Luz03-Er,03 system at 1500 and 1600 °C.
It has been established that solid state
interactions between three oxides resulted in the
formation of extended fields of solid solutions
based on various crystal modifications of the
initial components of rare-earth oxides, as well as
the ordered phase of perovskite type. The
isothermal section of the Laz03-Lu;03-Er;03
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