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Abstract 
The phase relations in the La2O3–Lu2O3–Er2O3 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 LaLuO3 (LaErO3) phases were detected in the system. No new 
phases were found in the system. The isothermal cross-sections of the La2O3–Lu2O3–Er2O3 phase diagram at 1500 and 
1600 °C are characterized by the presence of three single-phase (A-La2O3, R, C-Lu2O3 (Er2O3)) and two two-phase (C+ 
R, A + R) regions. The system forms continuous series of solid solutions based on the cubic modification of C-
Lu2O3(Er2O3) 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 % La2O3 at 1500 C and 
from ~48 to 54 mol % La2O3 at 1600 C. Lutetium and erbium oxides form an continuous series of C-REE oxide solid 
solutions. 
Keywords: phase equilibria; lanthana; Lutetia; erbia; lattice parameters. 
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Анотація  
Фазові співвідношення в потрійній системі La2O3-Lu2O3-Er2O3 за 1500 і 1600 °С вивчали в усьому діапазоні 
концентрацій методами рентгенівської дифракції (РФА) і скануючої електронної мікроскопії (СЕМ). Як 
вихідні речовини використовували оксиди La, Lu та Er (99.99 %). Зразки готували з кроком концентрування 
1–5 мол. %. Оксиди розчиняли в HNO3 (1 : 1) з наступним випарюванням розчинів і розкладанням нітратів за 
800 °C протягом 2 годин. Зразки піддавали термічній обробці за 1500 °C (протягом 70 годин) та 1600 °C 
(протягом 10 годин) на повітрі. Фазовий склад досліджуваних зразків вивчали за допомогою 
рентгенофазового (РФА, ДРОН-3), мікроструктурного та електронно-мікрозондового (Superprobe-733, JEOL, 
Японія, Пало-Альто, Каліфорнія) аналізів. У системі виявлено тверді розчини на основі різних поліморфних 
форм вихідних оксидів і впорядкованих фаз LaLuO3 (LaErO3). Нових фаз у системі не виявлено. Ізотермічні 
перерізи фазової діаграми стану La2O3-Lu2O3-Er2O3 при 1500 і 1600 °С характеризуються наявністю трьох 
однофазних (A-La2O3, R, C-Lu2O3 (Er2O3)) і двох двофазних (C+R, A+R) областей. Система утворює безперервні 
серії твердих розчинів на основі кубічної модифікації C-Lu2O3(Er2O3) та впорядкованої фази типу перовскіту 
(R-фаза). Визначено межі розчинності та побудовано концентраційні залежності періодів і параметрів 
ґратки елементарної комірки фаз, що утворюються в системі. Діапазон гомогенності твердих розчинів на 
основі R-фази простягається від 46 до 54 мол. % La2O3 за 1500 °C і від ~48 до 54 мол. % La2O3 за 1600 °C. 
Оксиди лютецію та ербію утворюють неперервний ряд твердих розчинів оксидів C-REE. 
Ключові слова: фазові рівноваги, лантан, лютецій, ербій, параметри ґратки. 
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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. Lu2O3 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 La2O3–Lu2O3 
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 а 
= 6.00 nm, b = 5.79 mn, c = 8.35 nm and space 
group is Pnam [11]. The paper [12] provides 
calculations of oxygen vacancies in La2O3, Lu2O3, 
and LaLuO3 but there was no data on phase 
equilibria.  

The La2O3–Lu2O3 system at 1500°C (and at 
1600°C) is characterized by the hexagonal (A) 
modification of lanthanum oxide with the 
solubility of Lu2O3 9 mol.% (and 9 mol.% at 
1600°C), cubic (C) modification of lutetium oxide 
with the solubility of A-La2O3 4 mol.% (and 
7 mol. % at 1600°C), and ordered perovskite-type 
LaLuO3 (R) phase in the range 48–56 mol.% 
Lu2O3 (and 48–55 mol.% Lu2O3 at 1600°C) [13]. 

The phase relations and structures of the 
phases formed in the La2O3–Er2O3 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 LaErO3 (R) 
perovskite-type phase with a narrow 
homogeneity range forms in the La2O3–Er2O3 
system [11]. The lattice parameters of the unit 
cell in the ordered stoichiometric LaErO3 phase 
are as follows: a = 0.5864 nm, b = 0.6082 nm, and 
c = 0.8466 nm. The compound remains stable up 
to 1800°C then transforms into a hexagonal H-
La2O3 solid solution [17]. In the above system, 
there are solid solutions of cubic (C) and 
hexagonal (H) Er2O3 modifications and low-

temperature hexagonal (A) and high-temperature 
hexagonal (H) and cubic (X) Lа2O3 modifications.  

The La2O3–Er2O3 system at 1100°C (and at 
1500°C) is characterized by the hexagonal (A) 
modification of lanthanum oxide with the 
solubility of Er2O3 5 mol.% (and 13 mol. % at 
1500 °C), cubic (C) modification of erbium oxide 
with the solubility of A-La2O3 ~6 mol.% (and 
~11 mol. % at 1500 °C), and ordered perovskite-
type LaErO3 (R) phase in the range 45–51 mol.% 
Er2O3 (and 45–51 mol.% Er2O3 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 La2O3-Lu2O3-Er2O3 
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 Lu2O3, La2O3, and 

Er2O3 (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 
HNO3 (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 H23U5T (FeCrAl alloy) heating 
elements at 1100 C and with molybdenum 
disilicide (MoSi2) 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-K radiation). The scan 
angle was 0.05–0.1  in the range 2 = 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-
scattered electrons (BSE) and secondary 
electrons (SE). 

 

Results and Discussion 
For the study samples were taken, the 

compositions of which lie on two beams Lu2O3–

(50 mol % La2О3–50 mol % Er2O3) and La2O3–(50 
mol % Lu2О3–50 mol % Er2O3).  

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 La2O3–Lu2O3–Er2O3 samples, annealed at 1500 C for 70 h 

Chemical composition  
(mol %) 

Phases by XRD Lattice parameters of the phases  
σ  0.0002 (nm) 

Lu2O3 La2O3 Er2O3 R <C> <А>* 

а b с a a с 

Section Lu2O3—(50 mol % La2О3—50 mol % Er2О3) 
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 42.5 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 La2O3—(50 mol % Lu2О3—50 mol % Er2О3) 

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 <А> + R 0.603 0.583 0.860  0.650 0.393 
20 60 20 <А> + R 0.598 0.585 0.860  0.654 0.385 
7.5 85 7.5 <А> + R 0.610 0.584 0.861  0.652 0.379 
5 90 5 <А> + Rtr. 0.568 0.581 0.866  0.650 0.384 
4 92 4 <А> + Rtr.     0.650 0.386 

2.5 95 2.5 <А>      0.651 0.387 
 
*) Note that the oxide of lanthanum is subject to hydration in air and, thus, instead of hexagonal A-La2O3 in the samples 

after heat treatment at 1500 °C we found the formation of hexagonal A-La(OH)3. This arose in this work, however, proper 
storage and prompt investigation after annealing would have made it possible to obtain A-La2O3. Nevertheless, since this 
applies only to A-La2O3 in the investigated system, the results obtained for La(OH)3 can be attributed to A-La2O3. Designation 
of phases: <A> - solid solutions based on hexagonal modifications of La(OH)3; <C> - solid solutions based on cubic 
modification of Lu2O3(Er2O3); R – ordered phase of LaLuO3(LaErO3) with perovskite-type structure with rhombic distortions.  
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Table 2 
Phase composition and lattice parameters of the phases in the La2O3–Lu2O3–Er2O3 samples, annealed at 1600 C for 10 h 

 
Chemical composition  

(mol %) 
Phases by 

XRD 
Lattice parameters of the phases  

σ  0.0002 (nm) 

Lu2O3 La2O3 Er2O3 R <C> <A>* 

а b c a а c 

Section Lu2O3—(50 mol % La2О3—50 mol % Er2О3) 

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 R tr. + <C>    1.040   

95 2.5 2.5 <C> ― ― ― 1.0389   

100 0 0 <C> ― ― ― 1.039   

Section La2O3—(50 mol % Lu2О3—50 mol % Er2О3) 

50 0 50 <C>    1.0453   

49 2 49 <C>    1.0466   
48 4 48 <C>    1.0483   

47.5 5 47.5 R tr. + <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 <А> + R 0.6022 0.5843 0.8437    
20 60 20 <А> + R 0.6007 0.5844 0.8486  0.6479 0.3813 
7.5 85 7.5 <А> + R  0.6030 0.5851 0.8333  0.6497 0.3816 
5 90 5 <А> + R tr.     0.6507 0.3818 
4 92 4 <А> + R tr.     0.6505 0.3821 

2.5 95 2.5 <А>      0.6517 0.3830 

 
*) Note that the oxide of lanthanum is subject to hydration in air and, thus, instead of hexagonal A-La2O3 in the samples 

after heat treatment at1600°C we found the formation of hexagonal A-La(OH)3. This arose in this work, however, proper 
storage and prompt investigation after annealing would have made it possible to obtain A-La2O3. Nevertheless, since this 
applies only to A-La2O3 in the investigated system, the results obtained for La(OH)3 can be attributed to A-La2O3. Designation 
of phases: <A> - solid solutions based on hexagonal modifications of  La(OH)3; <C> - solid solutions based on cubic 
modification of Lu2O3(Er2O3); R – ordered phase of LaLuO3(LaErO3) with perovskite-type structure with rhombic distortions.  

 
The results were used to construct the 

isothermal sections of the La2O3–Lu2O3–Er2O3 
system at 1500 and 1600 C (Fig. 1). 

Fields of solid solutions based on cubic (C) 
modifications of Lu2O3(Er2O3), hexagonal (A) 
modification of La2O3, and ordered perovskite-

type LaLuO3 and LaErO3(R) phases form in the 
La2O3–Lu2O3–Er2O3 system at 1500 and 1600 C. 
No new phases were found. 

XRD patterns of samples characterizing the 
phase fields present in the La2O3–Lu2O3–Er2O3 

system at 1600 °C are presented in Fig. 2. 



55 
 Journal of Chemistry and Technologies, 2023, 31(1), 51-60 

 

 
                                                       a                                                                                                                         b 
 

○ ― single-phase and ◐- two-phase regions 
 

Fig. 1 The isothermal section of the La2O3–Lu2O3–Er2O3 phase diagram at 1500 (a) and 1600 (b) °C 
 

 
 

 
а – 49 mol %. Lu2О3–2 mol % La2O3–49 mol % Er2О3 (С);  

b – 29 mol %. Lu2О3–42 mol % La2O3–29 mol % Er2О3 (С + R);  
c – 25 mol % Lu2О3–50 mol %  La2O3–25 mol % Er2О3 (R);  

d – 7,5 mol %. Lu2О3–85 mol % La2O3–7,5 mol % Er2О3 (R+ A*- La(OH)3);  
e – 2,5 mol %. Lu2О3–95 mol %  La2O3–2.5 mol % Er2О3 (A*- La(OH)3) 

 

Fig. 2. XRD patterns from the La2О3–Lu2O3–Er2О3 samples heat-treated at 1600 ºC 
 

A infinite continuous serie area of solid 
solutions based on ordered perovskite-type 
phases forms in the La2О3–Lu2O3–Er2О3 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 % La2O3 at 1500 C and from 

~48 to 54 mol % La2O3 at 1600 C in the section 
La2O3–(50 mol % Lu2O3–50 mol % Er2O3) (Fig. 3). 
The lattice parameters of the unit cell R phase 
vary from а = 0.609 nm, b = 0. 585 nm, с = 0.842 
nm in the single-phase sample of the composition 
1 mol % Lu2O3-49.5 mol % La2O3-49.5 mol % 
Er2O3 to а = 0.586 nm, b = 0.583 nm, с = 0.851 nm 
in the two-phase (R + C) sample of the 
composition 2 mol % Lu2O3-49 mol % La2O3-
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49 mol % Er2O in the section Lu2O3–(50 mol % La2O3-50 mol % Er2O3) (1500 ⁰C). 
 

 
a 

 

 
b 

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 La2O3–(50 mol % Lu2O3–50 mol % Er2O3) in the system La2O3–Lu2O3–Er2O3 

 

Similar to this system, in the La2O3–Lu2O3–
Yb2O3 [27] and La2O3–Y2O3–Er2O3 [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 
La2О3-Y2O3-Nd2O3 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 Nd2О3-(50 mol 
% La2О3-50 mol % Y2O3) [29]. 

Lutetium and erbium oxides form a 
continuous series of C-REE oxide solid solutions. 
This field ranges along the Lu2O3–Er2O3 side of 
the composition triangle. This direction of the 

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 °С) and ~93 до 100 (1600 °С) mol % 
Lu2O3 at section Lu2O3-(50 mol % La2O3–50 mol 
% Er2O3) (Fig. 4) and from 0 to 6 (1500 °С) and 0 
до 5 (1600 °С) mol % La2O3 at section La2O3–(50 
mol % Lu2O3-50 mol % Er2O3) (Fig. 5). 

For comparison, in the La2O3–Lu2O3–Yb2O3 
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. 

a 
 

b 

Fig. 4 Concentration dependence of lattice parameters (a) for C-based solid solutions annealed at 1500(a) and 
1600(b) C along the section Lu2O3–(50 mol % La2О3–50 mol % Er2О3) in the system La2O3–Lu2O3–Er2O3 
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Fig. 5 Concentration dependence of lattice parameters (a) for C-based solid solutions annealed at 1500 and 1600 C 

along the section of La2O3–(50 mol % Lu2О3–50 mol % Er2О3) in the system La2O3–Lu2O3–Er2O3 
 

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-La2O3 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-La2O3. Nevertheless, since this applies only to 
A-La2O3 in the investigated system, the results 
obtained for La(OH)3 can be attributed to A-
La2O3. The field of this homogeneity range is 
concave in the direction of decreasing the content 
of erbium oxide and extends in accordance with 

boundaries in the bounding La2О3–Lu2O3 and 
La2О3–Er2О3 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 °С) and 
~93 to 100 (1600 °С) mol % La2O3 at section 
La2O3–(50 mol % Lu2O3–50 mol % Er2O3) (Fig. 6). 
At 1500 °С, the lattice parameters of the unit cell 
of A-La(OH)3 vary from а = 0.651 nm, с = 0.387 
nm in the sample of the composition 2.5 mol % 
Lu2O3-95 mol % La2O3-2.5 mol % Er2O3, to 
а = 0.654 nm, с = 0,385 nm for 1500 °С in the 
two-phase (А + R) sample of the composition 
20 mol % Lu2O3-60 mol % La2O3-20 mol % Er2O3. 
A similar correlation is at 1600 °C. 

  
a 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 La2O3–(50 mol % Lu2О3–50 mol % Er2О3)  

in the system La2O3–Lu2O3–Er2O3 
 

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 Lu2O3–(50 mol % La2O3 – 50 mol % Er2O3) 
section. In fig. 8 shows microstructures of 

samples lying on the La2O3–(50 mol % Lu2O3 – 50 
mol % Er2O3) 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). 

 



58 
 Journal of Chemistry and Technologies, 2023, 31(1), 51-60  

 

 
a 

 
b 

 
c 

 
d 

a – 15 mol % Lu2O3-42,5 mol %La2O3-42,5 mol % Er2O3 (R + C); b – 70 mol % Lu2O3-15 mol % La2O3-15 mol % 
Er2O3 (R + C); c – 80 mol % Lu2O3-10 mol %La2O3-10 mol % Er2O3 (R + C); d – 90 mol % Lu2O3-5 mol %La2O3-5 mol % 

Er2O3, (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 La2O3–Lu2O3–Er2O3 

 
a 

 
b 

 
c 

 
d 

 

a – 47.5 mol % Lu2O3-5 mol % La2O3-47.5 mol % Er2O3 (R + C); b – 45 mol % Lu2O3-10 mol % La2O3-45 mol % 
Er2O3 (R + C); c – 29 mol % Lu2O3-42 mol % La2O3-29 mol % Er2O3 (R + C); d – 27,5 mol % Lu2O3-45 mol % La2O3-27,5 

mol % Er2O3, (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 La2O3–Lu2O3–Er2O3 
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Conclusions 
Phase equilibria have been studied in the 

La2O3–Lu2O3–Er2O3 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 La2O3–Lu2O3–Er2O3 

phase diagram at 1500 and 1600 °C has 
characterized the three one-phase fields (A-
La2O3, R, C-Lu2O3(Er2O3)) corresponding to solid 
solutions based on starting components and two 
two-phase fields (C + R, A + R) between them. 
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