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Abstract 

The phase equilibria and structural transformations in the ternary ZrO2-CeO2-Eu2O3 system at 

1500 °C were studied by X-ray diffraction and scanning electron microscopy in the overall 

concentration range. The system was found to constitute fields of solid solutions based on the 

tetragonal (Т) modification of ZrО2, cubic (С) and monoclinic (B) modifications of Eu2O3, cubic 

with a fluorite-type structure (F) modifications of СеО2 (ZrО2), and ordered intermediate 

phase with a pyrochlore-type structure of Eu2Zr2O7 (Py). The refined lattice parameters of the 

unit cells corresponding to the solid solutions and microstructures of the definite field of 

compositions for the systems were determined. The peculiarity of the isothermal section of 

the phase diagram in the ZrO2-СеO2-Eu2O3 system at 1500 °С is the formation of phase 

equilibria on the basis of the fluorite solid solutions of ZrO2(CeO2) along with other 

components. There are at least three homogeneous fields of cubic phases. The isothermal 

section of the ZrO2-CeO2-Eu2O3 system at 1500 °С was constituted of four three-phase regions 

(C-Eu2O3 + F-CeO2+Py, C-Eu2O3 + F-ZrO2+Py, Py + F-ZrO2 + T-ZrO2, Py + F-CeO2 + T-ZrO2). 
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1. Introduction 

There are various systems containing oxides of zirconium, cerium, and lanthanides, which are 

promising alternative materials for the development of heat-protective coatings and fuel cells [1-7]. 

Environmental pollution is a major concern due to the use of natural carbohydrates and their 

byproducts in industry and transport. Catalytic neutralization is employed to resolve this problem 

[8-12]. Generally, the catalysts are composed of noble metals such as Pt, Pd, and Rh. Due to the high 

cost of precious metals, researchers are seeking new catalytic systems with a high degree of 

conversion of harmful components. The materials composed of cerium dioxide are promising due 

to the occurrence of the redox reaction Ce3+ ↔ Ce4+ within the system. Due to the 

nonstoichiometry of cerium dioxide, a large number of oxygen vacancies are formed, which leads 

to an increase in the mobility of oxygen in the crystal lattice and catalytic activity, as well as the 

development of oxygen storage capacity (OSC). However, low thermal stability is a significant 

disadvantage of cerium dioxide. In order to increase thermal stability, it is necessary to introduce 

zirconium dioxide into the crystal lattice. The doping of Zr1-xCexO2 solid solutions with Ln3+ ions 

increases the formation of defects and, in turn, enhances the catalytic activity of the materials 

possessing a fluorite-type structure. In addition, the catalytic activity of M0,1Zr0,18Ce0,72O2 in the CO 

oxidation reaction decreases with the addition of Ln3+ species with an increasing atomic number [9]. 

This is attributed to the occurrence of lanthanide contraction within the system. Also, ZrO2-CeO2-

Ln2O3 systems are widely used for the development of safe and reliable technologies for waste 

disposal in nuclear industries and the construction of new generation reactors. In addition, materials 

based on these systems are used as an inert matrix for the immobilization of plutonium. These 

materials must meet stringent conditions, such as good neutron efficiency, better thermophysical 

properties, including high thermal conductivity and low thermal expansion, no phase 

transformations, and stability at high temperatures. In order to fix the transuranic elements, the 

ceramic matrix is characterized by high thermodynamic stability over time. The ordered pyrochlore 

phase crystal structure (A2B2O7) containing Zr4+ as one of the cations in the ideal composition 

M2Zr2O7 (M = three and/or quadrivalent cation) is a highly reliable and reasonable matrix for the 

retention of multi-concentrated nuclear wastes. It should be noted that Ln2Zr2O7 (Py) exists as a 

disordered fluorite-type phase at high temperatures, while it acquires a pyrochlore-type structure 

with ordered oxygen vacancies and cations at low temperatures. On the other hand, CeO2 is widely 

used as a surrogate material instead of PuO2 due to their similar physicochemical properties. 

Therefore, the nodes intended for plutonium ions in the pyrochlore structure will probably be 

replaced by cerium ions [1-7]. 

The phase relations in the boundary binary systems ZrO2-CeO2 and ZrO2-Eu2O3 were partially 

studied [13-22], and the phase equilibria data of the CeO2-Eu2O3 system was reportedly 

contradictory [23-27]. 
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The interaction of zirconium dioxide with cerium dioxide was studied [8-15]. However, there are 

some differences in the obtained data for phase equilibria at temperatures <1100 °C due to the 

uncertainty in the eutectoid coordinates of the tetragonal-monoclinic transformation of ZrO2 and 

the existence of the Ce2Zr3O10 (F) phase, and at temperatures >1600 °C due to the possible partial 

conversion of CeO2 to Ce2O3. 

On the low-temperature region (≤1500 ℃) in the state diagram of the ZrO2-CeO2 system, the 

existence of the following phases was revealed: monoclinic M-ZrO2 in the range of 0 to 1 mol % CeO2 

at 1100 °C, tetragonal T-ZrO2 from 0 to 18 mol % CeO2 at 1500 °C and from 2 to 18 mol % CeO2 at 

1100 °C and cubic with a structure of fluorite-type F-CeO2 in the range of 56 to 100 mol % CeO2 at 

1500 °C and from 73 to 100 mol % CeO2 at 1100 °C. A wide two-phase region (F+T) in the range of 

18-56 mol % CeO2 was reported at 1500 °С, and two heterogeneous regions were observed at 

1100 °С, namely a wide two-phase field (F+T) in the range of 18-73 mol % CeO2, and a narrow two-

phase region (M+T) in the range of 1-2 mol % CeO2. The tetragonal modification of ZrO2 does not 

resist but promotes the formation of the monoclinic phase of M-ZrO2 [8-10]. 

The state diagram of the ZrO2-Eu2O3 system has been thoroughly studied in the literature [16, 

17]. The liquidus in the ZrO2-Eu2O3 system is characterized by the eutectic transformation of Le⇆F+X 

(2130 °С, 26 mol % ZrO2). The solubility limits of Eu2O3 in the crystal lattice of T-ZrO2 are reported 

to be 1 and 2 mol % at 1250 and 1550 °C, respectively. In addition, the length of the homogeneous 

region of T+F decreases with temperature from 1-13 mol % Eu2O3 at 1250 °C to 2-8 mol % Eu2O3 at 

1550 °C. The region demonstrating phase homogeneity with a pyrochlore-type structure (Eu2Zr2O7) 

is located in the concentration range of 30-35 and 30-34 mol % at 1250 and 1550 °C, respectively. 

The cubic structure of pyrochlorine (general formula A2B2O7, Fd-3 m) contains large eight coordinated 

cations A and relatively small octahedral cations B. The pyrochlor has an ordered defective fluorite 

structure [28]. The structural flexibility in the crystal lattice of pyrochlor allows the partial replacement of 

A by the B cations, the appearance of oxygen vacancies, and different phases of varying compositions 

within the structural type. Many compounds are currently known to have a pyrochlor-type structure 

formed by A3+ and B4+, A2+ and B5+ or combinations of elements, whose average valence corresponds to 

the A and B cations [29]. Also, the degree of ordering in the structure of pyrochlor depends on its chemical 

composition [30]. Generally, the pyrochlor structure is preferred for the ratios of the radii of the A and B 

cations (rA/rB) greater than 1.2. In addition, there is a temperature range for the existence of an ordered 

pyrochlor-type Ln2Zr2O7 structure (Ln = La-Ln). For zirconates, the temperature range of this phase 

decreases from 2280 °С (La2Zr2O7) to 1580 °С (Gd2Zr2O7) [31]. Above these temperatures, the structure is 

disordered, resulting in the formation of the fluorite structure. The region of solid solutions possessing 

a fluorite-type structure undergoes a rupture in the region of an ordered pyrochlore-type structure. 

The concentration limits of the solid solutions of F-ZrO2 are as follows: 13-25 and 37-45 mol % 

Eu2O3 at 1250 °C and 8-28 and 36-52 mol % Eu2O3 at 1550 °C. 

The dissolution of zirconium dioxide in Eu2O3 leads to the stabilization of the C-type cubic phase. 

The homogeneous region of the solid solutions based on C-Eu2O3 are reported to be in the range of 

25-15 mol % ZrO2 at 1250 °C and 21-19 mol % ZrO2 at 1550 °C. Also, a narrow region of homogeneity 

is formed in the system on the basis of the monoclinic modification of B-Eu2O3 [16, 17]. 

The binary system CeO2-Eu2O3 was studied in detail [18-22]. In our opinion, the most reliable 

data on phase equilibria in this system were presented in [22]. There are three types of solid 

solutions in the CeO2-Eu2O3 system: cubic on the basis of the fluorite F-CeO2 and C-Eu2O3, monoclinic 

B-Eu2O3, and homogeneous regions separated by two-phase fields (F+C) and (C+B), respectively. The 
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number of phase fields decreases as the temperature reduces to 1000 °C due to the fact that the 

monoclinic B-modification of Eu2O3 exists above 1000 °C. The solubility of Eu2O3 in the crystal lattice 

of F-CeO2 is reported to be 20 mol % at 1100 and 1500 °C. The length of the homogeneous region 

of the solid solution based on B-Eu2O3 is <1 mol %. 

There have been no studies on the phase equilibria of the ZrO2-CeO2-Eu2O3 system in the literature. 

Meanwhile, the phase equilibria of the ternary systems of the ZrO2-CeO2-Ln2O3 (Ln = La, Gd, Dy, Y, Yb) 

series have been extensively studied [32-38]. In these ternary systems, thesolid solutions depends on 

various polymorphic modifications of the initial components, as well as the existence of phases with a  

pyrochlor-type Ln2Zr2O7 (Pr) structure and Zr3Ln4O12 (δ) phases. It should be noted that the formation of 

an ordered phase with a pyrochlor-type structure is a characteristic feature of cerium subgroup systems. 

The homogeneous region of the ordered pyrochlor-type structured phase narrows with the decreasing 

ionic radius of the lanthanide. Meanwhile, the existence of the δ-phase has been established to be unique 

for the ternary ZrO2-CeO2-Ln2O3 (Ln = Y, Yb) systems [32, 38]. 

2. Experimental 

Zirconium oxide nitrate ZrO(NO3)2·H2O, cerium oxide nitrate Ce(NO3)3·6H2O, europium oxide 

Eu2O3 (all 99.99%), and analytical-grade nitric acid were used as the starting materials for the ZrO2-

CeO2-Eu2O3 system. The oxides were dried in a muffle chamber at 1200 °C (2 h) before weighing them 

out.%. The weighed oxide portions were dissolved in HNO3 (1:1), evaporated, and calcined at 800 °C 

for 2 h. The powders were subjected to single-action pressing in a steel die without a binder at 10-

30 MPa to make pellets with the dimensions of 5 mm diameter and 4 mm height. The obtained 

samples for the study of the phase equilibria of the ternary ZrO2-CeO2-Eu2O3 system at 1500 °C were 

subjected to a two-stage heat treatment: 1) calcination in a laboratory muffle furnace (SNOL 10/1300 

LHM01) with heaters H23U5T (fehral) at 1100 °С for 452 h to remove nitrate residues, and 2) annealing 

in a high-temperature furnace (Micropyretics Heaters International M18-40) with molybdenum 

disilicide heaters (MoSi2) at 1500 °C for 150 h in air, resulting in the diffusion-controlled leveling of the 

composition in accordance with the state diagram of the system. The completion of the synthesis 

was regularly monitored. Furthermore, the samples were pressed and annealed again. Upon 

annealing for 150 h (1500 °С), there was no change in the phase composition of the samples. The 

samples were cooled inside the furnace. 

After heat treatment, the obtained samples were ground in an agate mortar to form a homogeneous 

powder. The resultant powder was taken in a cuvette, which was screwed to the holder upon the 

installation of DRON-3. Using the DRON-3 diffractometer (Joint Stock Company "Bourevestnik"), the X-

ray diffraction (XRD) pattern was obtained at room temperature (CuK- radiation, Ni-filter) to analyze 

the phases. The modes used in the study were as follows: scanning step was 0.05-0.1 deg, exposure 

was set as 4 s, and 2 angles were in the range of 10 to 100. The experimental result is dependent 

on the intensity of the diffracted radiation on the angle of reflection. The International Powder 

Standards Committee database (JSPSDS International Center for Diffraction Data 1999) was used to 

identify the obtained X-ray diffraction patterns. 

The refractive indices were measured in highly refractive immersion media (sulfur-selenium 

alloys or solutions of arsenic tri-bromide in methylene iodide) with an accuracy of ±0.02.  

The samples for the microstructural studies were prepared using a Buehler grinding and polishing 

machine. The microstructures were studied using the scanning electron microscope SUPERPROBE-733 
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(‘‘JEOL, Japan, Palo Alto, CA) with the help of back-reflected electrons (BSE) on the undigested sections 

of the annealed samples with a gold-plated sample. 

3. Results and Discussion 

The formation of new phases in the ZrO2-CeO2-Eu2O3 system was not established at 1500 °C. At 

1500 °С, solid solution fields were formed on the basis of tetragonal (T) and cubic (F) phases with 

fluorite structured modifications of ZrО2, monoclinic (B) and cubic (C) modifications of Eu2O3, cubic 

modification of СеО2 with a fluorite (F) structure and ordered phase with a pyrochlore Eu2Zr2O7 (Py) 

structure. 

Based on the obtained results, an isothermal cross-section of the state diagram of the ZrO2-CeO2-

Eu2O3 system was constructed at 1500 °С (Figure 1). The original chemical and phase compositions 

of the samples at 1500 °C, and the parameters of the unit cells of the phases in equilibrium at a 

given temperature are shown in Table 1. 

 

Figure 1 Isothermal section of the ZrO2-CeO2-Eu2O3 system at 1500 °C, ○ -single-phase 

samples; ◐-two-phase samples; ●-three-phase samples. 

Table 1 Chemical and phase compositions, and lattice parameters of the phases in the 

ZrO2-CeO2-Eu2O3 system after annealing at 1500 °C for 150 h. (XRD, petrography and 

microscopy data). 

Chemical composition, mol % Phase compositions and parameters of elementary cells, nm 

ZrO2 CeO2 Eu2O3  

Section ZrO2-(50 mol % CeO2-50 mol % Eu2O3) 
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5 47.5 47.5 <F-CeO2> (а = 0.5432) + <С-Eu2O3> (а = 1.0864) 

10 45 45 <F-CeO2> (а = 0.5397) + <С-Eu2O3> (а = 1.0794) 

15 42.5 42.5 <F-CeO2> (а = 0.5409) + <С-Eu2O3> (а = 1.0827) 

20 40 40 <F-CeO2> (а = 0.5392) + <С-Eu2O3> (а = 1.0807) 

25 37.5 37.5 <F-CeO2> (а = 0.5411) + <С-Eu2O3> (а = 1.0827) 

30 35 35 <F-CeO2> (а = 0.5370) + <С-Eu2O3> (а = 1.0743) 

35 32.5 32.5 <F-CeO2> (а = 0.5350) + <С-Eu2O3> (а = 1.0805) + Ру  

40 30 30 <F-CeO2> + <С-Eu2O3> (а = 1.0894) + Ру  

45 27.5 27.5 <F-CeO2> + <С-Eu2O3> + Ру 

50 25 25 <F-CeO2> + <С-Eu2O3> + Ру 

55 22.5 22.5 <F-CeO2> + Ру + <С-Eu2O3>  

60 20 20 <F-CeO2> + Ру 

65 17.5 17.5 <F-ZrO2> + Ру + <T-ZrO2>* 

70 15 15 <F-ZrO2> +Ру + <T-ZrO2>* 

75 12.5 12.5 <F-ZrO2> +Ру + <T-ZrO2>*  

80 10 10 Ру + <T-ZrO2>*↑ 

85 7.5 7.5 <F-ZrO2> + <T-ZrO2>* + Ру 

90 5 5 <F-ZrO2> + <T-ZrO2>*  

95 2.5 2.5 <F-ZrO2> + <T-ZrO2>*  

96 2 2 <F-ZrO2> + <T-ZrO2>*  

97 1.5 1.5 <T-ZrO2>* + <F-ZrO2> 

98 1 1 <T-ZrO2>* + <F-ZrO2> 

99 0.5 0.5 <T-ZrO2>* 

Section CeO2-(67 mol % ZrO2 - 33 mol % Eu2O3) 

66 1 33 Py (Eu2Zr2O7) 

65 2 33 Py + <F-ZrO2> 

64 3 33 Py + <F-ZrO2> 

64 4 32 Py + <F-ZrO2> 

63 5 32 <F-CeO2> (а = 0.5315) + Ру + <С-Eu2O3 

60 10 30 <F-CeO2> (а = 0.5320) + Ру + <С-Eu2O3 

57 15 28 <F-CeO2> (а = 0.5319) + Ру + <С-Eu2O3 

53 20 27 <F-CeO2> (а = 0.5317) + Ру + <С-Eu2O3> 

47 30 23 <F-CeO2> (а = 0.5318) + Ру + <С-Eu2O3> 

44 35 21 <F-CeO2> (а = 0.5319) + Ру + <С-Eu2O3> 

40 40 20 <F-CeO2> (а = 0.5318) + Ру + <С-Eu2O3> 

37 45 18 <F-CeO2> (а = 0.5319) + Ру + <С-Eu2O3> 

34 50 16 <F-CeO2> (а = 0.5322) + <С-Eu2O3> 

30 55 15 <F-CeO2> (а = 0.5336) + <С-Eu2O3> 

26 60 14 <F-CeO2> (а = 0.5356) + <С-Eu2O3> 

23 65 12 <F-CeO2> (а = 0.5368) + <С-Eu2O3> 

20 70 10 <F-CeO2> (а = 0.5369) + <С-Eu2O3>  

17 75 8 <F-CeO2> (а = 0.5374) + <С-Eu2O3>  
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13.5 80 6.5 <F-CeO2> (а = 0.5381) 

10 85 5 <F-CeO2> (а = 0.5386) 

7 90 3 <F-CeO2> (а = 0.5390) 

3 95 2 <F-CeO2> (а = 0.5397) 

Section ZrO2-(30 mol % CeO2-70 mol % Eu2O3) 

5 29 66 <С-Eu2O3> (а = 1.0849) 

10 27 63 <С-Eu2O3> (а = 1.0819) 

15 25.5 59.5 <С-Eu2O3> (а = 1.0802) + <F-CeO2> 

25 22 53 <С-Eu2O3> (а = 1.0737) + <F-CeO2> 

30 21 49 <С-Eu2O3> (а = 1.0738) + <F-CeO2> + Ру  

40 18 42 <С-Eu2O3> (а = 1.0672) + <F-CeO2>+ Ру  

45 16.5 38.5 <С-Eu2O3> (а = 1.0657) + <F-CeO2> + Ру  

50 15 35 <С-Eu2O3> (а = 1.0621) + <F-CeO2> + Ру 

55 13.5 31.5 <С-Eu2O3> (а = 1.0580) + <F-CeO2> + Ру 

65 10 25 <F-CeO2> + Ру 

70 9 21 Ру + <T-ZrO2> 

75 8.5 16.5 Ру + <T-ZrO2> 

80 6 14 <F-ZrO2> + Py + <T-ZrO2> 

85 5.5 9.5 <F-ZrO2> + <T-ZrO2>* + Py  

90 3 7 <F-ZrO2> + <T-ZrO2>* 

Section ZrO2-(70 mol % CeO2-30 mol % Eu2O3) 

5 66 29 <F-CeO2> + <С-Eu2O3>  

10 63 27 <F-CeO2> + <С-Eu2O3>  

15 59.5 25.5 <F-CeO2> + <С-Eu2O3> 

25 53 22 <F-CeO2> + <С-Eu2O3> 

30 49 21 <F-CeO2> + <С-Eu2O3> сл. 

40 42 18 <F-CeO2> + <С-Eu2O3> + Ру 

45 38.5 16.5 Ру + <F-CeO2> + <С-Eu2O3>  

50 35 15 Ру + <F-CeO2> + <С-Eu2O3>  

55 31.5 13.5 Ру осн.+ <F-CeO2> 

65 25 10 Ру + <F-CeO2> + <T-ZrO2>*  

70 21 9 Ру + <F-CeO2> + <T-ZrO2>*  

75 16.5 8.5 Ру + <F-CeO2> + <T-ZrO2>*  

80 14 6 Ру + <F-CeO2> + <T-ZrO2>*  

85 9.5 5.5 <F-CeO2> + <T-ZrO2>* + Ру 

90 7 3 <F-ZrO2> + <T-ZrO2>* 

Section ZrO2-(10 mol % CeO2-90 mol % Eu2O3) 

2 10 88 <С-Eu2O3> (а = 1.0847) + <B-Eu2O3> 

3 10 87 <С-Eu2O3> осн. (а = 1.0844) + <B-Eu2O3> 

4 9.5 86.5 <С-Eu2O3> (а = 1.0837) + <B-Eu2O3> 

5 9.5 85.5 <С-Eu2O3> (а = 1.0829) + <B-Eu2O3> 

10 9.5 80.5 <С-Eu2O3> (а = 1.0821) + <B-Eu2O3>  
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15 9 76 <С-Eu2O3> (а = 1.0810) 

20 8 72 <С-Eu2O3> (а = 1.0803) + Ру 

25 8 67 <С-Eu2O3> (а = 1.0786) + Ру 

30 8 62 <С-Eu2O3> (а = 1.0763) + Ру↑ 

35 8 57 <С-Eu2O3> (а = 1.0750) + <F-ZrO2> + Ру 

40 7 53 <С-Eu2O3>(а = 1.0748) + <F-ZrO2> + Ру 

45 6.5 48.5 <С-Eu2O3> (а = 1.0751) + <F-ZrO2> + Ру 

50 6 44 <С-Eu2O3> (а = 1.0753) + <F-ZrO2> + Ру 

55 5.5 39.5 <С-Eu2O3> (а = 1.0749) + <F-ZrO2> + Ру 

60 5 35 <С-Eu2O3>(а = 1.0750) + <F-ZrO2> + Ру 

70 4 26 <F-ZrO2> + Ру 

75 3 22 <F-ZrO2> + Ру 

80 2.5 17.5 <F-ZrO2> 

85 1.5 13.5 <F-ZrO2> + <T-ZrO2>* 

90 1.5 8.5 <T-ZrO2>* + <F-ZrO2> 

Section Eu2O3-(60 mol % ZrO2-40 mol % CeO2) 

60 40 0 <T-ZrO2>** + <F-СеO2> 

57 38 5 <F-СеO2> + Ру + <T-ZrO2> 

53.5 36.5 10 <F-СеO2> + Ру 

39.5 25.5 35 <F-СеO2> + <С-Eu2O3> + Ру 

36 24 40 <F-СеO2> + <С-Eu2O3> + Ру 

9.5 5.5 85 <В-Eu2O3> + <С-Eu2O3> 

6 4 90 <В-Eu2O3> + <С-Eu2O3> 

3 2 95 <В-Eu2O3> + <С-Eu2O3> 

2.5 1.5 96 <В-Eu2O3> + <С-Eu2O3> 

2 1 97 <В-Eu2O3> + <С-Eu2O3> 

1.5 0.5 98 <В-Eu2O3> + <С-Eu2O3> 

0.5 0.5 99 <В-Eu2O3> + <С-Eu2O3>  

Iso-concentration line 20 mol % ZrO2 

20 1 79 <С-Eu2O3> + <F-ZrO2> 

20 2 78 <С-Eu2O3> + <F-ZrO2> 

20 3 77 <С-Eu2O3> + <F-ZrO2> 

20 4 76 <С-Eu2O3> + <F-ZrO2> 

20 10 70 <С-Eu2O3> + <F-СеO2> 

20 20 60 <С-Eu2O3> + <F-СеO2> 

20 25 55 <С-Eu2O3> + <F-СеO2> 

20 30 50 <С-Eu2O3> + <F-СеO2>  

20 35 45 <С-Eu2O3> + <F-СеO2> 

20 45 35 <С-Eu2O3> + <F-СеO2> 

20 55 25 <С-Eu2O3> + <F-СеO2> 

20 65 15 <С-Eu2O3> + <F-СеO2> 

20 75 5 <С-Eu2O3> + <F-СеO2> 
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20 80 0 <F-СеO2> 

Iso-concentration line 45 mol % ZrO2 

45 2 53 <F-ZrO2> + <С-Eu2O3> 

45 3 62 <F-ZrO2> + <С-Eu2O3> 

45 4 51 <F-ZrO2> + <С-Eu2O3> 

45 5 50 <F-ZrO2> + <С-Eu2O3> + Ру  

45 20 35 <F-СеO2> + <С-Eu2O3> + Ру  

45 45 10 <F-СеO2> + <С-Eu2O3> + Ру  

45 50 5 <F-СеO2> + <С-Eu2O3> + Ру  

45 55 0 <F-ZrO2> + <T-ZrO2>* 

Iso-concentration line 85 mol % ZrO2 

85 0 15 <F-ZrO2> 

85 11 4 <F-СеO2> + <T-ZrO2>* + Ру  

85 12 3 <F-СеO2> + <T-ZrO2>* + Ру  

85 13 2 <F-СеO2> + <T-ZrO2>**↑ + Ру  

85 14 1 <F-СеO2> + <T-ZrO2>**  

85 15 0 <T-ZrO2>** 

* Under given conditions (Т= 1500 °C, 150 h, in air, slow cooling), the tetragonal phase T-ZrO2 is 

not stable, while the monoclinic phase M-ZrO2 is stable; 

** The partial stabilization of Т-ZrO2 was observed. 

In order to determine the boundaries of the phase fields, the concentration dependencies of the 

parameters of the unit cells of the formed phases were used along with the phase composition data 

of the samples (Figures 2-4). 

 

Figure 2 Concentration dependencies of the lattice parameters of the solid solutions 

based on the F-CeO2 in the CeO2-(67 mol % ZrO2-33 mol % Eu2O3) section of the ZrO2-

CeO2-Eu2O3 system after annealing the samples at 1500 °С. 
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Figure 3 Concentration dependencies of the lattice parameters of the solid solutions 

based on the С-Eu2O3 in the ZrO2-(30 mol % CeO2-70 mol % Eu2O3) section of the ZrO2-

CeO2-Eu2O3 system after annealing the samples at 1500 °С. 

 

Figure 4 Concentration dependencies of the lattice parameters of solid solutions based 

on the С-Eu2O3 in the ZrO2-(10 mol % CeO2-90 mol % Eu2O3) section of the ZrO2-CeO2-

Eu2O3 system after annealing the samples at 1500 °С. 
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Based on the parameters of the unit cell of the Py phase in the three-phase regions, X-ray 

diffraction data and electron microscopy results, the coordinates of the figurative points of the Py 

phase on the vertices of the triangles of the three-phase regions (Py+T+F-CeO2), (Py+T+F-ZrO2), 

(Py+C+F-ZrO2) and (Py+C+F-CeO2), are shown in Table 2. 

Table 2 Coordinates of the tie-line triangles in the ZrO2-СеO2-Eu2O3 system after 

annealing the samples at 1500 °С. 

Phase Coordinates of the tie-line triangles, mol % 

Field Т Ру F-СеО2 F-ZrO2 С 

 ZrO2 CeO2 ZrO2 CeO2 ZrO2 CeO2 ZrO2 CeO2 ZrO2 CeO2 

Py+T+F-СеО2 88 10 67 7 43 56 - - - - 

Py+Т+F-ZrO2 90 8 68 5 - - 83 3 - - 

Ру+С+F-ZrO2 - - 65 5 - - 57 2 19 6 

Py+С+F-СеО2 - - 66 10 42 56 - - 19 8 

The characteristic microstructures of the samples located in different phase fields on the state 

diagram of the ZrO2-CeO2-Eu2O3 system at 1500 °С are presented in Figure 5. 
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Figure 5 Microstructure of ZrO2-CeO2-Eu2O3 samples after annealing at 1500 °С (a-99 

mol % ZrO2-0.5 mol % CeO2-0.5 mol % Eu2O3, <T-ZrO2>*; b-66 mol % ZrO2-1 mol % CeO2-

33 mol % Eu2O3, Py (Eu2Zr2O7), BEI,  2000; c-64 mol % ZrO2-3 mol % CeO2-33 mol % 

Eu2O3, Py + <F-ZrO2>, BEI,  400; d-64 mol % ZrO2-4 mol % CeO2-32 mol % Eu2O3, Py + <F-

ZrO2>, BEI,  400; e-70 mol % ZrO2-4 mol % CeO2-26 mol % Eu2O3, <F-ZrO2> + Ру, BEI,  

400; f-75 mol % ZrO2-3 mol % CeO2-22 mol % Eu2O3, <F-ZrO2> + Ру, BEI,  400; grey phase 

- Ру, dark phase-<F-ZrO2>, black - pores; g-75 mol % ZrO2-8.5 mol % CeO2-16.5 mol % 

Eu2O3, Ру осн. + <T-ZrO2>, BEI,  400; h-25 mol % ZrO2-8.5 mol % CeO2-66.5 mol % Eu2O3, 

<С-Eu2O3> + Ру, BEI,  2000; grey phase - Ру, dark phase-<F-ZrO2>, black - pores; i-30 

mol % ZrO2-8 mol % CeO2-62 mol % Eu2O3, <С-Eu2O3> + Ру↑, BEI,  2000; j-3 mol % ZrO2-95 

mol % CeO2-2 mol % Eu2O3, <F-CeO2>, BEI,  400; k-53.5 mol % ZrO2-36.5 mol % CeO2-10 

mol % Eu2O3, <F-СеO2> + Ру, BEI,  2000; l-80 mol % ZrO2-6 mol % CeO2-14 mol % Eu2O3, 

<F-ZrO2> + Py + <T-ZrO2>, BEI,  2000; grey phase-<F-CeO2>, grey porous phase-Eu2Zr2O7; 

m-85 mol % ZrO2-11 mol % CeO2-4 mol % Eu2O3, <F-СеO2> + <T-ZrO2>* + Ру, BEI,  400; 

light porous phase-<F-CeO2>, light grey porous phase- E2Zr2O7 (Py), dark phase-<T-

ZrO2>*, blake - pores; n-6 mol % ZrO2-4 mol % CeO2-90 mol % Eu2O3, <В-Eu2O3> + <С-

Eu2O3>, BEI,  2000.) 
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At 1500 °С, seven regions of the solid solutions based on the T-and F-modifications of ZrO2, F-

CeO2, C-and B-Eu2O3, as well as intermediate phase of europium zirconate Eu2Zr2O7 (Py) were 

observed. 

On the regions with a high concentration of ZrO2, solid solutions are formed on the basis of the 

tetragonal modification of ZrO2. The solubility of Eu2O3 in T-ZrO2 was as low as ~1 mol. %, as 

confirmed by the X-ray diffraction data. The boundary of the homogeneous region of the solid 

solution based on T-ZrO2 at 1500 °C passed through the compositions: 98 mol % ZrO2-1 mol % CeO2-

1 mol % Eu2O3, 90 mol % ZrO2-7 mol % CeO2-3 mol % Eu2O3, 85 mol % ZrO2-14 mol % CeO2-1 mol % 

Eu2O3-two-phase (T+F), 85 mol % ZrO2-9.5 mol % CeO2-5.5 mol % Eu2O3-three-phase (T+F+Py). 

In the ternary system, the oxides of cerium and europium dissolved upon the tetragonal 

modification of zirconium dioxide in the same amount as observed in the binary systems of ZrO2-

Eu2O3 and ZrO2-CeO2. The solid solutions based on the T-modification of ZrO2 do not harden on 

employing the cooling modes. The X-ray diffractions of the samples obtained at room temperature 

showed the characteristic lines of M-ZrO2. A fully stabilized tetragonal modification of T-ZrO2 was 

observed in the two-phase and three-phase samples with a cross-section of ZrO2-(70 mol % CeO2-

30 mol % Eu2O3) in formulations containing 70 mol % ZrO2-9 mol % CeO2-21 mol % Eu2O3, 75 mol % 

ZrO2-8.5 mol % CeO2-16.5 mol % Eu2O3, 80 mol % ZrO2-6 mol % CeO2-14 mol % Eu2O3. The 

petrographic studies revealed traces of the phase transitions manifested in the form of 

polysynthetic twinning. The microstructure of the solid solution based on the T* modification of 

ZrO2 is presented in Figure 5 a. 

The solid solution formed by europium zirconate at 1500 °C was in equilibrium with all the phases 

existing in the ZrO2-CeO2-Eu2O3 system, except for the monoclinic B-modification of europium oxide, 

resulting in the formation of solid substitution solutions with the phases of the binary systems. The 

phase-based field of the solid solutions with a pyrochlore (Py)-type structure was directed in the 

direction of the ZrO2-CeO2 limiting system. The highest solubility of cerium dioxide in Eu2Zr2O7 

reached 7 mol % CeO2 (Table 1) along the beam of 67 mol % ZrO2, attributing to the intermediate 

size of the Ce4+ ion (r = 0.090 nm) among the Eu3+ (r = 0.0985 nm) and Zr4+ (r = 0.079 nm) ions. The 

microstructure of the phase-based solid solution with a pyrochlore-type structure possessing 

different grain orientations is shown in 4.5.b. The microstructure of the single-phase sample of 66 

mL % ZrO2-1 mol % CeO2-33 mol % Eu2O3 is represented by large and small (0.8-10.8 µm) polyhedral 

grains (Figure 5 b). 

The micro-X-ray spectral analysis showed that the sample possessed a single phase, where all the 

elements (Zr, Eu) were distributed uniformly over the investigated surface. This is consistent with 

the X-ray diffraction data suggesting the formation of a solid solution based on the ordered Eu2Zr2O7 

(Py) phase (Table 1). The microstructures of the samples in the two-phase region (Py+F-ZrO2) are 

presented in Figure 5 c-d. The samples with 65 mol % ZrO2-2 mol % CeO2-33 mol % Eu2O3 and 64 

mol % ZrO2-3 mol % CeO2-33 mol % Eu2O3 revealed two distinct structural components (Figure 5 c-

d). Based on the results of the micro-X-ray spectral analysis, the dark phase was composed of 

zirconium alone and thus possessed the F-ZrO2 phase, while the grey phase was enriched with 

europium and zirconium and thus identified as the Eu2Zr2O7 (Py) phase, as confirmed by the X-ray 

diffraction and petrography. With the increase in the ZrO2 concentration, the number of pyrochlore-

type phases increased, resulting in a change in the morphology of the samples. Based on the 

petrography results of the above compositions, two isotropic phases were observed, namely the 

basis isotropic phase (Py), and the second (F) phase observed in much smaller quantities. The cross-
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section of CeO2-(67 mol % ZrO2-33 mol % Eu2O3) in the samples containing 2-4 mol % CeO2 clearly 

revealed a two-phase fine-grained structure, with an isotropic pyrochlore-structured phase, as well 

as an isotropic fluorite-structured phase in much smaller quantities. The microstructures of the two-

phase samples (Py+F-ZrO2) with the compositions of 70 mol % ZrO2-4 mol % CeO2-26 mol % Eu2O3 

and 75 mol % ZrO2-3 mol % CeO2-22 mol % Eu2O3 in the cross-section of ZrO2-(10 mol % CeO2-90 

mol % Eu2O3) differs markedly in its morphology (Figure 5 e, f). The structures of these samples were 

manifested in the form of perforated and smooth grey areas on the surfaces, where the grey smooth 

area corresponded to the <F-ZrO2> phase, and the grey porous phase showed a perforated Eu2Zr2O7 

(Py) structure. 

The characteristic microstructure of the two-phase region (Py+T) is presented in Figure 4.5 j. Both 

the phases were clearly manifested in their morphology. Based on the qualitative micro-X-ray 

spectral analysis, the smooth grey phase was enriched with zirconium and, apparently, 

corresponded to a solid solution based on T-ZrO2. The grey phase with a high intragranular porosity 

was enriched with europium and zirconium. The latter was assumed to be a solid solution based on 

Eu2Zr2O7 (Py), as confirmed by the X-ray diffraction data (Table 1). Therefore, the number of T-

phases increases with the ZrO2 concentration. 

The samples with 25 mol % ZrO2-8.5 mol % CeO2-66.5 mol % Eu2O3 and 30 mol % ZrO2-8 mol % 

CeO2-62 mol % Eu2O3 determine the boundaries of the two-phase region (Py+C). The 

microstructures of the samples characterizing the two-phase region (Py+C) are presented in Figures 

4.5 j and g. Two types of grains were observed in the samples. Based on the qualitative micro-X-ray 

spectral analysis, it can be concluded that the dark phase enriched with zirconium contains less 

cerium and corresponds to a solid solution based on a pyrochlore-structured phase. The light phase 

corresponds to C-Eu2O3 because the amount of europium is slightly higher than that of the dark 

phase (Figure 5 h). 

One of the characteristic features of the isothermal cross-section of the state diagram of the 

ZrO2-CeO2-Eu2O3 system at 1500 °С is the presence of three regions of solid solutions based on the 

cubic modification of ZrO2 (CeO2) with a fluorite-type structure. Just as a gap was observed in the 

ZrO2-Eu2O3 double system, The field of the solid solutions based on the fluorite-type structure in the 

ternary system was broken in the region of formation of the ordered phase, which was similar to 

the gap in the solubility of the F-ZrO2 phase in the region of the Eu2Zr2O7 compound. The boundaries 

of the homogeneity regions of F-ZrO2 extended from the corresponding coordinates of the ZrO2-

Eu2O3 limiting system (72-90 mol % ZrO2 and 45-63 mol % ZrO2). The concentration boundaries of 

the regions of homogeneity of the solid solutions based on F-ZrO2 were curved toward the opposite 

side of the concentration triangle. The length of the F phase in the region with a high zirconium 

dioxide concentration was determined by samples with a cross-section of ZrO2-(10 mol % CeO2-90 

mol % Eu2O3) and an iso-concentrate of 85 mol. % ZrO2 containing 75 mol % ZrO2-3 mol % CeO2-22 

mol % Eu2O3-two-phase (F-ZrO2+Py), 80 mol % ZrO2-2.5 mol % CeO2-17.5 mol % Eu2O3 - single-phase 

(F-ZrO2), 85 mol % ZrO2-1.5 mol % CeO2-13.5 mol % Eu2O3-biphasic (F-ZrO2+T*). The maximum 

solubility of cerium dioxide in the solid solutions based on F-ZrO2 was found to be 3 and 2 mol. %, 

respectively. The largest region of homogeneity was observed for the solid solution based on F-CeO2. 

The boundary of the homogeneous region of the F-phase concaved towards the CeO2 vertex and 

extended from the corresponding coordinates in the limiting ZrO2-CeO2 (56-100 mol % CeO2) and 

CeO2-Eu2O3 (80-100 mol % CeO2) systems. The length of the F phase was determined by the two-

phase samples with the composition of 17 mol % ZrO2-75 mol % CeO2-8 mol % Eu2O3 and 20 mol % 
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ZrO2-75 mol % CeO2-5 mol % Eu2O3 and single-phase sample with the composition of 13.5 mol % 

ZrO2-80 mol % CeO2-6.5 mol % Eu2O3. The parameters of the cubic unit cell with the fluorite 

structure vary from a = 0.5409 nm for pure CeO2 to a = 0.5374 nm for the two-phase sample (F+C) 

of 17 mol % ZrO2-75 mol % CeO2-8 mol % Eu2O3 and up to a = 0.5319 nm for the three-phase sample 

(F+Py+C) of 37 mol % ZrO2-45 mol % CeO2-18 mol. % Eu2O3 (Figure 2, Table 1). The homogeneous 

regions in the cubic solid solutions with the fluorite-type structure were confirmed by the X-ray 

diffraction, petrographic and microstructural studies. The characteristic microstructure of the 

single-phase region <F-CeO2> is presented in Figure 5 k. Polyhedral <F-CeO2> grains of 2 to 25 µm 

were observed at the fracture of the sample with 3 mol % ZrO2-95 mol % CeO2-2 mol % Eu2O3 in the 

cross-section of CeO2- (67 mol % ZrO2-33 mol % Eu2O3) (Figure 5 k). The samples containing 60 mol % 

ZrO2-20 mol % CeO2-20 mol % Eu2O3, 65 mol % ZrO2-10 mol % CeO2-25 mol % Eu2O3, 55 mol % ZrO2-

31.5 mol % CeO2-13.5 mol % Eu2O3 and 53.5 mol % ZrO2-36.5 mol % CeO2-10 mol % Eu2O3 revealed 

two structural components with distinct morphologies. According to the micro-X-ray spectral 

analysis, the grey smooth phase corresponded to <F-CeO2>, and the grey porous phase with a 

perforated structure was identified as Eu2Zr2O7. The electron microscopy results were confirmed by 

X-ray diffraction and petrography. The cross-section of ZrO2-(50 mol % CeO2-50 mol % Eu2O3) in the 

sample containing 60 mol % ZrO2-20 mol % CeO2-20 mol % Eu2O3 showed two isotropic phases F-

CeO2 and Eu2Zr2O7 in equal amounts. In the sample containing 55 mol % ZrO2-31.5 mol % CeO2-13.5 

mol % Eu2O3 in the cross-section of ZrO2-(70 mol % CeO2-30 mol % Eu2O3), there was an increase in 

the number of pyrochlore-type phases and a resultant change in the morphology of the samples. 

The fluorite-structured phase was observed in the two-phase (C+F), (Py+F), (T+F) and three-phase 

(Py+F+T), (Py+C+F) regions. 

The isothermal cross-section of the partial ZrO2-Eu2Zr2O7-CeO2 system at 1500 °С was 

characterized by two three-phase (Py+F+T) and five two-phase (two Py+F, two T+F, one Py+T) 

regions. 

The microstructures of the samples corresponding to the three-phase region (Py+F-ZrO2+T-ZrO2) 

by the cross-sections of ZrO2-(50 mol % CeO2-50 mol % Eu2O3) and ZrO2-(30 mol % CeO2-70 mol % 

Eu2O3 ) were characterized by the presence of morphologically different phases (Figure 5 o). Based 

on the scanning electron microscopy results of the sample containing 80 mol % ZrO2-6 mol % CeO2-

14 mol % Eu2O3, a grey smooth phase corresponded to <F-ZrO2>, and the grey porous phase with a 

perforated structure was typical of Eu2Zr2O7 (Py). The matrix showed the inclusion of a dark grey 

phase <T-ZrO2>. 

The samples containing 65 mol % ZrO2-25 mol % CeO2-10 mol % Eu2O3, 70 mol % ZrO2-21 mol % 

CeO2-9 mol % Eu2O3, 75 mol % ZrO2-16.5 mol % CeO2-8.5 mol % Eu2O3, 80 mol % ZrO2-14 mol % 

CeO2-6 mol % Eu2O3, 85 mol % ZrO2-9.5 mol % CeO2-5.5 mol % Eu2O3 by cross-section ZrO2-(70 mol % 

CeO2-30 mol % Eu2O3), 57 mol % ZrO2-38 mol % CeO2-5 mol % Eu2O3 in cross-section Eu2O3-(60 mol % 

ZrO2-40 mol % CeO2) and 85 mol % ZrO2-11 mol % CeO2-4 mol % Eu2O3, 85 mol % ZrO2-12 mol % 

CeO2-3 mol % Eu2O3, 85 mol % ZrO2-13 mol % CeO2-2 mol % Eu2O3 along with the isoconcentrate 85 

mol % ZrO2 corresponded to the three-phase region (Py+F-CeO2+T-ZrO2). The structural components 

of the samples were different (Figure 5 p). From the results of the qualitative micro-X-ray spectral 

analysis, it was concluded that the light grey smooth phase corresponded to F-CeO2, light grey 

porous with a perforated structure was associated with Eu2Zr2O7, and the dark phase belonged to 

T-ZrO2. The electron microscopy data were confirmed by the X-ray diffraction and petrography 

results. The cross-section of ZrO2-(70 mol % CeO2-30 mol % Eu2O3) in the sample with a composition 
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of 65 mol % ZrO2-25 mol % CeO2-10 mol % Eu2O3 displayed two isotropic phases F-ZrO2 and Py in 

equal amounts and a small amount of anisotropic T-ZrO2 phase with a high refractive index (n~2.06). 

According to the petrography results for the sample containing 70 mol % ZrO2-21 mol. % CeO2-9 

mol % Eu2O3, there were two isotropic phases with inhomogeneous distributions. Thus, there was 

an increase in the number of isotropic phases. The sample containing 75 mol % ZrO2-16.5 mol % 

CeO2-8.5 mol % Eu2O3 showed a light porous isotropic phase (Py) constituting a smooth darker phase 

in the form of small inclusions of the isotropic nature (F-CeO2) and intergranular inclusions of the 

anisotropic phase (T-ZrO2). The isotropic phase (F-CeO2) with numerous intergranular anisotropic 

inclusions (T-ZrO2) exists as a matrix in the sample with 80 mol % ZrO2-14 mol % CeO2-6 mol % Eu2O3 

along with significantly small amounts of another isotropic phase with a pyrochlore structure (Py). 

The structure becomes finer with the increase in the concentration of zirconium dioxide. The sample 

containing 85 mol % ZrO2-9.5 mol % CeO2-5.5 mol % Eu2O3 was based on the isotropic F-CeO2 phase 

with isotropic inclusions of Eu2Zr2O7. The boundaries of the three-phase region (Py+F-CeO2+T-ZrO2) 

determine the samples in the cross-section of Eu2O3-(60 mol % ZrO2-40 mol % CeO2) and along the 

85 mol % ZrO2 isoconcentrate. All the structural components possessed different textures and 

properties. The sample with 57 mol % ZrO2-38 mol % CeO2-5 mol % Eu2O3 displayed an isotropic 

phase (F) interspersed with an anisotropic phase (T) and a second isotropic phase (Py). In the sample 

containing 85 mol % ZrO2-12 mol % CeO2-3 mol % Eu2O, the anisotropic dark phase <T-ZrO2> acted 

as a matrix. Also, ZrO2 grains were observed at the fracture along with the second isotropic light 

phase possessing the fluorite-structured <F-CeO2> and separate intergranular isotropic inclusions 

of the light porous phase (Figure 4.5 n). The pyrochlore-structured phase was observed in small 

quantities within the samples. The number of Py phases gradually decreased with the increase in 

the cerium dioxide concentration. The two-phase sample with a composition of 85 mol % ZrO2-14 

mol % CeO2-1 mol % Eu2O3 exhibited a dark anisotropic phase of partially stabilized <T-ZrO2>, which 

formed the basis and constituted the second phase as small inclusions of isotropic <F-CeO2> phase. 

The isothermal cross-section of the partial system Eu2O3 Eu2Zr2O7-CeO2 at 1500 °С intersected 

two three-phase (C+Py+F-CeO2, C+Py+F-ZrO2) and six two-phase (C+B, C+F-CeO2, C+F-ZrO2, Py+F-

ZrO2, Py+C, Py+F-CeO2) regions. 

The subsystem with a low ZrO2 concentration exhibited regions of solid solutions based on F-

CeO2, B-Eu2O3, C-Eu2O3, and F-ZrO2 and pyrochlore-structured Eu2Zr2O7 (Py) phases. The 

homogeneous region of the solid solution based on B-Eu2O3 extended from 1 mol % CeO2 and 3 

mol % ZrO2 in the corresponding binary systems and passed through the sample containing 0.5 mol % 

ZrO2-0.5 mol % CeO2-99 mol % Eu2O3 in the cross-section of Eu2O3- (60 mol % ZrO2-40 mol % CeO2). 

The boundaries of the biphasic region (B+C) with a composition of 9.5 mol % ZrO2-8.5 mol % CeO2-

85 mol % Eu2O3, 10 mol % ZrO2-9.5 mol % CeO2-80.5 mol % Eu2O3 were confirmed by the X-ray 

diffraction analysis of the samples of Eu2O3-(60 mol % ZrO2-40 mol % CeO2) and ZrO2-(10 mol % 

CeO2-90 mol % Eu2O3) (Table 1). The samples containing 2 mol % ZrO2-10 mol % CeO2-88 mol % 

Eu2O3, 3 mol % ZrO2-10 mol % CeO2-87 mol % Eu2O3, 4 mol % ZrO2-9.5 mol % CeO2-86.5 mol % Eu2O3, 

5 mol % ZrO2-9.5 mol % CeO2-85.5 mol % Eu2O3 in the cross-section of ZrO2-(10 mol % CeO2-90 mol % 

Eu2O3) and 9.5 mol % ZrO2-5.5 mol % CeO2-85 mol % Eu2O3, 6 mol % ZrO2-4 mol % CeO2-90 mol % 

Eu2O3, 3 mol % ZrO2-2 mol % CeO2-95 mol % Eu2O3, 2.5 mol % ZrO2-1.5 mol % CeO2-96 mol % Eu2O3, 

2 mol % ZrO2-1 mol % CeO2-97 mol % Eu2O3, 1.5 mol % ZrO2-0.5 mol % CeO2-98 mol % Eu2O3, and 

0.5 mol % ZrO2-0.5 mol % CeO2-99 mol % Eu2O3 in the cross-section of Eu2O3- (60 mol % ZrO2-40 

mol % CeO2) (Figure 5 q) displayed two-phase microstructures. Both the phases were uniformly 
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distributed in texture and contrast. According to the results of the qualitative X-ray spectral analysis, 

the grey phase corresponded to <C-Eu2O3>, and the light phase corresponded to <B-Eu2O3>. 

The boundary of the homogeneous region of the C-modification of Eu2O3 was curved towards 

the side of the concentration triangle of the limiting binary system ZrO2-CeO2 to the vertex of CeO2 

and extended from the corresponding coordinates in the limiting CeO2-Eu2O3 (18-25 mol % CeO2) 

and ZrO2-Eu2O3 mol % ZrO2) system. The length of the C-phase was determined from the single-

phase samples with the compositions of 15 mol % ZrO2-9 mol % CeO2-76 mol % Eu2O3 in the cross-

section ZrO2-(10 mol % CeO2-90 mol % Eu2O3), 5 mol % ZrO2-29 mol % CeO2-66 mol % Eu2O3, and 10 

mol % ZrO2-27 mol % CeO2-63 mol % Eu2O3 in the cross-section of ZrO2-(30 mol % CeO2-70 mol % 

Eu2O3). The radiographic data were consistent with the results of the microstructural and 

petrographic studies. The concentration dependencies of the C-phase unit cell parameters are 

presented in Figures 2-4. 

The XRD patterns of the ZrO2-CeO2-Eu2O3 system at 1500 °С are presented in Figure 6. 



Recent Progress in Materials 2021; 3(3), doi:10.21926/rpm.2103036 

 

Page 18/21 

 

Figure 6 XRD patterns of the ZrO2-CeO2-Eu2O3 samples annealed at 1500 °C: a-90 mol % 

La2O3—10 mol % Sm2O3, (<A> *); b-40 mol % La2O3—60 mol % Sm2O3, (<A> * + <B>);c-

15 mol % La2O3—85 mol % Sm2O3, (<B>).The isothermal cross section of the ZrO2-CeO2-

Eu2O3 system at 1500 °С constitutes seven single-phase (one B-Eu2O3, C-Eu2O3, F-CeO2, 

Py, T-ZrO2, two F-ZrO2) ten two-phase-Eu2O3, C-Eu2O3+F-CeO2, C-Eu2O3+F-ZrO2, two 

Py+F-ZrO2, F-ZrO2+T-ZrO2, Py+T-ZrO2, Py+C-Eu2O3, Py+F-CeO2, T-ZrO2+F-CeO2) and four 

three-phase (C-Eu2O3+F-CeO2+Py, C-Eu2O3+F-ZrO2+Py, Py+F-ZrO2 +T-ZrO2, Py+F-CeO2+T-

ZrO2) regions.  
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4. Conclusions 

The phase equilibria of the ternary ZrO2-CeO2-Eu2O3 system were studied for the first time, and 

the isothermal cross-section at a temperature of 1500 °С was constructed. The solid solutions were 

formed on the basis of the tetragonal (T) and cubic (F) phases with a fluorite-structured modification 

of ZrО2, monoclinic (B) and cubic (C) modifications of Eu2O3, cubic modification with fluorite (F)-

structured СеО2 and an ordered pyrochlore-structured Eu2Zr2O7 (Py) phase. 
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