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Introduction
On an Ex-vessel stage of a severe accident corium can contain the essential quantity of iron oxides (products of steel oxidation) and zirconium dioxide (product of fuel cladding oxidation).
The mentioned circumstances determine the necessity in researching of such systems for known databases optimization and computer codes verification.
The main objective of the presented work is the experimental determination of the data on phase equilibria in the ZO2-FeOy system:

the question under consideration on presence/absence of a miscibility gap;

refinement of components solubility limits;

refinement of eutectic point position;
The obtained results will be used for:

thermodynamic databases optimisation (in particular, NUCLEA);

refinement of thermodynamic models;

active and projected NPP safety analysis.
Experimental research of the phase equilibria in the ZrO2-FeOy system was conducted using annealing-quenching in a high-temperature microscope method.
The physicochemical analysis of samples was performed using scanning electron microscopy (SEM) combined with the X-ray microanalysis system (EDX).
1. A review of published works
The existence of iron in different oxidation states (Fe3 +, Fe2 + and Fe0) complicates greatly the study of phase equilibria in systems that contain it as one of the components. In these systems, the equilibria composition of the condensed phases containing iron is changed with temperatures well as with composition of the gaseous phase. This fact causes to necessity of monitor and/or set the partial pressure of oxygen providing and the system under study should be viewed not as the two-component, but as a private subsystem of ZrO2–Fe2O3–FeO ternary system.

The phase diagram of the Fe2O3–FeO system (Figure 1.1) is well studied in the framework of the Fe–O system investigation, which is one of the basic systems for many metallurgical processes [1,2].
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Fig. 1.1 – Phase diagram of the FeO–Fe2O3 system [1,2].

I – a phase with wustite structure; II – a phase with magnetite structure; III – a phase with hematite structure; L1 – a liquid from the metallic iron; L2 – liquid from the iron oxide (II); 
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 – oxygen isobars, Pa.

In the CORPHAD project based on the composition and temperature of the solidus and liquidus data obtained by different methods, as well as the phase structure based on zirconia, quasi-binary phase diagram of the ZrO2–FeO system in an inert atmosphere (argon, helium) has been constructed. This is a diagram with eutectic and FeO in ZrO2 limited solid solutions (Figure 1.2) [3].

Phase relations in the ZrO2–FeOy system were studied in [4, 5] (Figure 1.3). The ZrO2–Fe2O3 system was investigated in air [4]. The eutectic point position in the system was specified as 1525 (C, 13.5 mol. % ZrO2, but the temperature of 1525 (C already corresponds to the equilibrium in the ZrO2–Fe3O4 system. Research in this work has been limited to iron oxides enriched region. Position of the liquidus at high temperatures and the solubility of the components in the solid phase [4] are not defined. Merely an extrapolation of the liquidus curve from eutectic point to the ZrO2 melting point and a forecast of possible boundaries Fe2O3 solubility in ZrO2 has been made (Fig. 1.2, a). 
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Fig. 1.2 – Phase diagram of the ZrO2–FeO system (inert atmosphere).
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 – VPA IMCC; 
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 – VPA in the Galakhov microfurnace; 
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 – DSC; 
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 – IMCC/EDX.
I – t-ZrO2(FeO) solid solution; II –c-ZrO2(FeO) solid solution.

Phase equilibria in the high-temperature region of the ZrO2–FeO–Fe2O3 system were studied in [5]. The system was investigated in air, so the studied equilibria are probably also closed to the ZrO2–Fe3O4 section. According to this work, the miscibility gap in this system can exist (Fig. 1.2,b). 
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Fig. 1.3 – Phase diagrams of the ZrO2–FeOy system.
Data of works: a) [4]; b) [5].

The solid solutions region from ZrO2 in [5], as well as in [4] has not been detailed studied, as these are given without ZrO2 polymorphism.
Data on the component solubility and change of the lattice parameters of the solid solution in the ZrO2–Fe2O3 system are presented in [6]. In [7] the formation of solid solutions in the system ZrO2–Fe2O3 (in the nanoscale crystals based on ZrO2) was investigated. Up to 20 mol. % Fe2O3 in ZrO2 nanocrystals possibility of dissolution at 900(С is indicated.
Phase relations in the ZrO2–FeO–Fe2O3 ternary system were determined at 1200(С (Fig. 1.4) in [8]. The experimental method used was thermogravimetry. The oxygen partial pressures were controlled by mixing gases (CO2 and H2) in known proportions and checking the pressures thus calculated by means of solid electrolyte (ZrO2-CaO) cells. Oxygen isobars (-log10, atm) are given for two-phase mixtures.
The compositions of limiting solid solutions are measured. Point A (wustite in equilibrium with metallic iron), mol.%: 94.8 FeO, 5.2 Fe2O3. Point B (wustite in equilibrium with magnetite), mol.%: 80.2 FeO, 19.8 Fe2O3. Point C (spinel in equilibrium with wustite B), mol.%: 51.5 FeO, 45.8 Fe2O3, 2.7 ZrO2. Point D (spinel in equilibrium with hematite), mol.%: 54.6 FeO, 45.4 Fe2O3.
[image: image9.wmf] 0

 20

 40

 60

 80

 100

Mol %

˜

˜

FeO

Z

r

O

2

F

e

2

O

3

F

e

 

+

 

W

+

 

Z

r

O

2

11.82

F

e

3

O

4

A

B

C

D

W

 

+

 

Z

r

O

2

 

+

 

S

p

l

Z

r

O

2

 

+

 

S

p

l

Z

r

O

2

 

+

 

S

p

l

 

 

+

 

H

e

m

Spl

Wustite ss (=W)

1

2

0

0

o

C

11.32

9.60

9.21

W + Spl

7.98

3.76

9.09

W

 

+

 

Z

r

O

2


Fig. 1.4 – Isothermic section of the ZrO2–FeO–Fe2O3 system [8].

Spl = spinel; W = wustite; Hem = hematite.

In [9 and 10] the ZrO2–FeO–Fe2O3 system (in particular, the Fe2O3 ( FeO reversible transition) was studied by the thermogravimetric method in air and under reduced oxygen partial pressure. After the initial mixtures preparation they are annealed in air at 1000 °C. The products were analyzed by X-ray diffraction and contained monoclinic ZrO2 and hematite. Thermal analysis was carried out to 1500 °C on air. The heating/cooling rate was equal to 5 °C/min. To measure the dissociation of Fe2O3 and the formation of FeO, equilibrium values were obtained when the weight remained constant at the experimental temperature. Under constant partial pressure of oxygen the dissociation proceeded in steps depending on the temperature. In Fig. 1.5,a 1380 °C is the temperature at this partial pressure where hematite and magnetite (Fe3O4) are in equilibrium with the gas phase (oxygen partial pressure 0.021 MPa). The dashed lines show quasibinary section between Fe2O3 and «ZrFeO3», as well as between Fe3O4 and «ZrFe2O4». The author argues that in Fe2O3 dissolved to 6 mol.% ZrO2, which causes an increase in the dissociation temperature of the 3Fe2O3 ( 2Fe3O4 + 1/2O2 reaction form temperature 1380 °C to 1437 °C. It is noted that the solubility of Fe2O3 in ZrO2 is about 3 mol.% (Fig. 1.5,b).
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a)
b)

Fig. 1.5 – Phase equilibria in the ZrO2–FeO–Fe2O3 system at 0.021 MPa oxygen partial pressure (in air) [9]:
a) Isotherms at different temperatures with the content of the components x, mole fraction: (1-x)ZrO2 + x(Fe2O3)/2; b) isothermic section at 1437°C. Line A-B –hematite-ZrO2 equilibrium, Line C-D – spinel-hematite equilibrium, Line D-E –ZrO2-spinel equilibrium. Hem = hematite Fe2O3; Spl = spinel, Fe3O4.
In Fig. 1.6, and the temperature of 1265 °C corresponds to the hematite-magnetite transition (oxygen partial pressure 0.21 kPa). Dashed lines quasibinary section between Fe2O3 and «ZrFeO3», as well as between Fe3O4 and «ZrFe2O4» are shown.
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Fig. 1.6 – Phase equilibria in the ZrO2–FeO–Fe2O3 system at 0.21 kPa oxygen partial pressure [10]:

a) Isotherms at different temperatures with the content of the components x, mole fraction: (1-x)ZrO2 + x(Fe2O3)/2; b) isothermic section at 1380°C or less. Line A-B –wustite-ZrO2 equilibrium, Line C-E – spinel-ZrO2 equilibrium, Line D-E spinel-hematite equilibrium, Line H-F – hematite-ZrO2 equilibrium. Hem = hematite, Fe2O3; Spl = spinel, Fe3O4; Wus = wustite, FeO.

The author claims that under these conditions, in Fe2O3 dissolved to 2 mol.% ZrO2, which causes an increase in the dissociation temperature of the 3Fe2O3 ( 2Fe3O4 + 1/2O2 reaction temperature from 1265 °C to 1300 °C. It is noted that the Fe2O3 in ZrO2 solubility increases from 3 mol.% at atmospheric oxygen partial pressure up to 8 mol.% at pO2=0.21 kPa (Fig. 1.6,b).
So one can state that in the published data on the ZrO2-FeOy system there are a number of contradictions and important information on polymorphism within the phases and their existence limits has been absent. The aim of this study was to obtain information on the phase equilibria in the system in the regions with a maximum uncertainty of the data, i.e., in the first place, the confirmation or disproofing of the miscibility gap in the system and, secondly, clarification of the ZrO2.

2. Experimental techniques and installations description
Up to now there has no the single universal method that can be applied in phase diagram investigation to obtain the reliable and accurate temperatures of phase transformations, including Tsol and Tliq for the systems with specified compositions, in wide ranges of varied gas medium compositions. In this relation, the ongoing improvement of techniques for the investigation of phase diagrams is combined with the use of complex of mutually complementary methods ensuring a higher reliability of data from experimental studies.
2.1. Used materials and methods of sample synthesis
The study of phase formation processes in this system is associated with a number of difficulties associated with the behavior of the system components, such as:

- The behavior of iron oxide (composition and phase state of iron oxide depends on the temperature and oxygen partial pressure);

- Polymorphism of ZrO2 and solubility of system components (due to the proximity of the ionic radii of Fe and Zr the solid solution formation, apparently, is due to the substitution of iron atoms to zirconium atoms with vacancies formation in the anion sublattice. And since the process of vacancy formation is difficult energetically, the possibility of entering iron in state 3+ into the structure of ZrO2 is much higher, as it requires the formation of fewer anion vacancies for charge compensation. On the other hand, it is known that stabilization the cubic zirconia is achieved through defects in the oxygen sublattice. I.e. it can be expected, on one hand, the increasing of the solubility limits of iron in the structure of zirconia, and on the other, the raising of c-ZrO2 to t-ZrO2 transition temperature. It can lead to a dramatic increase of the viscosity of the dispersed system (mushy-zone) due to the sharp increase of the solid phase quantity, which can be interpreted as inmiscibility).

In this regard it is necessary to use not only the method of solid-phase synthesis of initial compositions of the system allows the study the formation of solid solutions, but also a set of synthesis methods, giving the opportunity to analyze the processes associated with the decomposition of solid solutions. 
Thus, for obtaining the initial compositions the following techniques were used:

- The method of solid-phase synthesis;

- Sol-gel method;

- Hydrothermal synthesis.
In the case of solid-phase synthesis, the starting materials for the study of ZrO2-FeOy system were of high purity:
- 99.97% Fe2O3;

- 99.99% ZrO2.

The components were subjected to mechanical mixing, and iron oxide was dried at 300 (C for 3 h prior to use. Then the powder mixture was pressed into pellets and these were then fired in a SiC-furnace in air.
For more uniform mixing of the components of the system the modified sol-gel technology (a method of co-precipitation of metals hydroxides from solutions of their salts) was used. The starting materials were the soluble iron and zirconium salts of high degree of purity: 
- ZrOCl2(8H2O (main content 99.97%);
- FeCl3.6H2O (99.98%).
To a mixture of 1 M aqueous solution of zirconium chloride and ferric chloride with constant stirring the 12 M ammonium hydroxide was poured to establish pH equaled to 9-10. The obtained precipitates was washed by distilled water until a negative reaction of the chloride ions (Cl-) and pH ~7 and then dried at 75 °C in air.
Then compositions prepared by co-precipitation were exposed to either heat treatment in SiC furnaces on air or hydrothermal treatment.
The hydrothermal treatment was carried out in autoclaves with PTFE 16 cm3 liner at 240 °C and 70 MPa. As hydrothermal medium distilled water was used. Duration of isothermal exposure was 4 hours. The autoclaves were placed in the furnace, which shut down after isothermal exposure at a given temperature and the autoclaves has been cooled in the furnace. The accuracy of the isothermal exposure temperature control was (5K. Heat treatment time was fixed for the duration of isothermal exposure.

At the end of isothermal exposure and autoclave full cooling the samples were removed from avtoclaves and dried at 100 °С.
2.2. Annealing-quenching in the high-temperature microscope
Determination of solidus-liquidus temperatures was carried out on prebaked and analyzed samples by visual polythermal analysis using the original facility – high-temperature microscope.

For temperature measuring of the liquidus-solidus temperatures the obtained tablet samples were ground into powders. In each experiment, the sample mass was about 0.4 mg.

The high-temperature microscope designed by N.A. Toropov was developed in the ISC USSR Academy of Sciences in the 60th year of XX century. It enables to conduct the VPA of oxidic systems up to 2300(С [11].

The scheme of high-temperature microscope (HTM) is given in Fig. 2.1.

The microscope measured temperature range is 1000-2300 (C. The HTM measurements can be made in the inert (He, Ar), reducing and oxidizing atmospheres (e.g. in gas mixtures with a set oxygen partial pressures or using the oxygen pump).

The powdered oxide specimen is placed on the end of loop-shaped holder-heater. The traditional material of holder-heater is iridium, but platinum, tungsten, and other refractory materials can also be used.

The HTM calibration is made using oxides with known melting temperatures (K2SO4, CaAl2O4, Al2SiO5, Al2O3, Er2O3 etc.) or using high-temperature pyrometer. Similar to the Galakhov microfurnace the rate of measured area is taken up in terms of viscosity of studied melts (normally it is the rate of 5 (С/s).
The melting of specimen is recorded by the digital camera with a subsequent frame-by-frame analysis of the video. Solidus temperature is registered as the temperature, at which the powder sintering starts – it indicates the appearance of liquid phase in the system. Liquidus temperature is registered as the complete spreading of specimen on the holder. 
Beside the data on characteristic temperatures this method provides information on the surface tension in the studied refractory oxidic systems (Fig. 2.1, (13) – last frame). A considerable temperature gradient inherent for this method is advantageous for its application for the steady states and metastable phases.
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1 – chamber with quartz walls; 2 – cartridge with a specimen; 3 – silver electrodes; 4 – specimen holder-heater (Ir, Pt, W, Mo); 5 – powdered oxidic specimen; 6 – gas supply system; 7 – water-cooling system for the chamber; 8 – specimen lighting device; 9 – long-focus microscope (240-times magnification); 10 – video camera; 11 – controlled power source; 12 – monitoring and management system; 13 – specimen in the holder at heating.

Fig. 2.1 – Scheme of high-temperature microscope

Small masses of used portions (< 1 mg) as well as the small mass and good thermal conductivity of the holder-heater enable specimen quenching by power disconnection. After quenching the XRF and microstructural studies of the produced specimen can be made, also the elemental analysis of phases.

The VPA HTM temperature measurement error is (30 (C. The systematic error can be explained by a possible higher than actual values due to the method dynamics, and by possible lower than actual temperatures due to the impossibility to register visually the very start of specimen melting without measuring other parameters (the liquid phase is too small for visual recording) and the complete melting (certain presence of the solid phase at visually complete specimen spreading on the holder).
2.3. Synthesized samples analysis
Calcination products were analyzed by X-ray powder diffraction method (XRD) using CoKα-radiation (DRON-3) and DTA method using a differential scanning calorimeter (DSC, Netzsch Simultaneous Thermal Analyser STA 429). Experimental conditions using DTA (DSC) were the same for all samples:

- Pt crucibles;

- Sample weight of 30 mg;
- Heating rate of 10 (C/min;

- Air.
The composition of both the initial and heat-treated at high-temperature microscope samples were examined using X-ray fluorescence analysis method on the ReSPECT analyzer, as well as by EDX method on electron microscopes ABT-55, equipped with a Link Analytical microprobe system and Hitachi S-570, equipped with a Bruker Quantax 200 microprobe system.
By scanning electron microscopy (SEM) and electron probe microanalysis (EDX) methods the definition of the microstructure and elemental composition of the samples was also carried out
For each an investigation area the photography of spectral characteristics was carried out to define the entegrated structure and the composition of each phase separation. Quantitative analysis was carried out by the fundamental parameter method.

The limit of reliable determination of the element depends on its number in the periodic system, and ranges from 0.3 mass.% for light elements up to 0.1 mass.% for heavy elements. Detection of smaller amounts of the elements is uncertain.

The depth of penetration of the electron beam as a function of the electron beam energy and the composition of the samples ranged from 1 to 5 microns. Microanalyzer captures radiation even thinner layer of ~ 1 mkm.

3. Experimental part
3.1. Solid phase synthesis of samples
By solid-phase synthesis of Fe2O3 (dried at 300°C for 2 h) and ZrO2 simple oxides a series of samples of the ZrO2–Fe2O3 was prepared. Samples of the respective mixtures were calculated for the whole concentration range of the ZrO2–Fe2O3 system with step of 10 mol.%. Reagent mixture was mixed thoroughly in distilled water in alumina mortar, dried and compressed into a cylinder with a diameter of 15 mm and a thickness of 3-4 mm under 0.5 MPa pressure. The crucible with the sample was placed in a cold furnace and heated to the desired temperature at which the heat treatment was carried specified duration. After which the samples were cooled in the furnace. The patterns were calcinated in a SiC furnace at 1200 °C in air (data is presented in Table 3.1).
Table 3.1 – Composition of the initial compositions of ZrO2–Fe2O3 system obtained by mechanical mixing of oxides (in terms of one cation) 
	Sample
	ZrO2
	FeO1.5
	Heat treatment conditions
	Cooling conditions

	
	mol. %
	T, °C
	τ, h
	

	sps1
	5.3
	94.7
	1200
	4
	Slow cooling

	sps2
	11.1
	88.9
	
	
	

	sps3
	17.7
	83.3
	
	
	

	sps4
	25.0
	75.0
	
	
	

	sps5
	33.4
	66.6
	
	
	

	sps6
	42.9
	57.1
	
	6
	

	sps7
	53.9
	46.1
	
	
	

	sps8
	66.6
	33.4
	
	
	

	sps9
	81.8
	18.2
	
	
	


Phase composition of the polycrystalline samples was determined by X-ray analysis (DRON-3 CoKα-radiation, Ni-filter). Fig. 3.1 shows the X-ray diffraction patterns of the samples.

Unit cell parameters of monoclinic zirconia calculated from X-ray diffraction pattern for a number of samples are given in Table 3.2 and Fig. 3.2.

Table 3.2 – Unit cell parameters of monoclinic zirconia, depending on the content of FeO1.5 (solid phase synthesis)
	Sample
	a
	b
	c
	V

	
	Å
	Å3

	sps5
	5.13±0.02
	5.22±0.02
	5.33±0.02
	142.6±0.7

	sps6
	5.15±0.02
	5.21±0.02
	5.32±0.02
	142.6±0.7

	sps7
	5.15±0.02
	5.21±0.02
	5.32±0.02
	142.7±0.7

	sps8
	5.14±0.02
	5.21±0.02
	5.32±0.02
	142.4±0.7

	sps9
	5.15±0.02
	5.21±0.02
	5.31±0.02
	142.6±0.7

	ZrO2
	5.14±0.02
	5.20±0.02
	5.31±0.02
	142.1±0.7


The analysis of X-ray diffraction patterns and dependence of the lattice parameters of the m-ZrO2 content of iron oxide indicate that under the synthesis conditions solid solutions in the ZrO2-Fe2O3 system are not observed. A mixture of two phases was fixed only (see Figure 3.1, the appearance of phase FeO1.5 marked in red in the example of a single-ended). Also, it can be stated that in all the compositions range iron is in a III valence state. The presence of monoclinic (no tetragonal) ZrO2 in the samples suggests that the cooling rate of the samples was small, and the tetragonal modification was managed to transform to the thermodynamically stable state – monoclinic phase.
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Fig. 3.1 – X-ray diffraction patterns of sample series of ZrO2-Fe2O3 system prepared by solid-state synthesis (radiation CоKα)
It is worth to be mentioned, that there are at least two papers [7, 12], in which the existence of solid solutions in the ZrO2–Fe2O3 system was confirmed by the presence of the entire concentration range of the ZrO2–Fe2O3 system of two types of solid solutions Zr1-xFe2xO2+x for 0 ≤ x ≤ 0.02 by zirconia and 0.99 ≤ x ≤ 1 by iron oxide. All samples were prepared by co-precipitation from aqueous solutions of the corresponding salts (from nitrates). It was also suggested that the solubility of Fe2O3 in ZrO2 decreases with increasing temperature of heat treatment. For example, the solubility of Fe2O3 in ZrO2 at 600 (С was 33 mol.%, at 800 (С – 9 mol.%, at 1100 (С – 2 mol.%.
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Fig. 3.2 – Unit cell parameters of monoclinic zirconia phase (a, b, c (Å)) vs FeO1.5 content 
3.2. Sol-gel and hydrothermal synthesis of samples
Due to the fact that solid solutions were not produced by solid state synthesis method it was decided to prepare series of compositions by sol-gel synthesis to bridge the diffusion barriers by mixing the components at the molecular level (Table 3.3). Except the pure sol-gel technology a combination of hydrothermal synthesis and sol-gel technology was used. Hydroxide iron (III) was deposited in the suspension of zirconia nanoparticles with an average size of about 20 nm, obtained previously by hydrothermal dehydration zirconium hydroxide.

Table 3.3 – Composition of initial compositions prepared by sol-gel synthesis (sgs) and combined sol-gel/hydrothermal method (sghs)
	Sample
	ZrO2
	FeO1.5
	Heat treatment conditions
	Cooling conditions

	
	mol. %
	T, °C
	τ, h
	

	sgs1
	5
	95
	1100,
1300
	3
	quenching

	sgs2
	10
	90
	
	
	

	sgs3
	15
	85
	
	
	

	sgs4
	25
	75
	1300
	in DSC regime
	Slow cooling with furnace

	sghs1
	25
	75
	
	
	

	sgs5
	50
	50
	
	
	

	sgs6
	20
	80
	1100,
1300
	3
	quenching

	sgs7
	90
	10
	
	
	


Phase composition of the polycrystalline samples was determined by X-ray analysis (DRON-3 CоKα-radiation, Ni filter). In Fig. 3.3 shows X-ray diffraction patterns of the samples. 
Unit cell parameters of monoclinic zirconia calculated for ZrO2–FeOy samples obtained by the sol-gel method after thermal treatment at T = 1100 and 1300 °C for 3 h are shown in Table 3.4 and Figure 3.4.
Analysis of the data presented in Fig. 3.3 and 3.4 is also not confidently allows judging about the presence of solid solutions based on ZrO2 in the system. 
Fig. 3.5 presents the results of some studies of dehydration of sol-gel compositions in DSC mode. Based on the obtained data it can be concluded that the behavior of the test composition by heating to a large extent depends on the method of preparation. Thus, by comparing the behavior of samples of the same composition but which are different by the way of producing one can see the change of the curve DTA and corresponding shift of the peak crystallization of Fe2O3 to side of lower temperatures (Fig. 3.5). It should also be noted that the increase in the amount of zirconia in the system leads to a shift in peak crystallization of iron oxide at high temperatures.
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Fig. 3.3 – X-ray diffraction patterns of a series of samples of ZrO2-Fe2O3 system prepared by sol-gel method (Tannealing = 1300(С, CоKα radiation)
Table 3.4 – Unit cell parameters of monoclinic zirconia, depending on the FeO1.5 content (sol-gel synthesis)
	Sample
	a
	b
	c
	V, Å3
	β, °

	
	Å
	
	

	Tannealing=1100(C

	sgs3
	5.12±0.02
	5.21±0.02
	5.28±0.02
	141.1±0.7
	-

	sgs7
	5.14±0.02
	5.19±0.01
	5.29±0.02
	140.8±0.5
	-

	ZrO2
	5.1471
	5.2125
	5.3129
	142.5
	-

	Tannealing=1300(C

	sgs2
	5.294±0.005
	5.179±0.005
	5.15±0.01
	139.3±0.3
	99.103

	sgs3
	5.25±0.01
	5.20±0.01
	5.13±0.01
	138.7±0.5
	98.959

	sgs6
	5.28±0.02
	5.21±0.02
	5.10±0.01
	138.9±0.6
	99.098

	sgs7
	5.29±0.02
	5.19±0.02
	5.14±0.02
	139.3±0.6
	99.148

	ZrO2
	5.3129
	5.2125
	5.1471
	140.7
	99.218
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Fig. 3.4 – Unit cell parameters of monoclinic zirconia phase (a, b, c (Å)) vs FeO1.5 content of 
samples obtained by the sol-gel method: a) – the annealing temperature 1100 (С, b) – annealing temperature 1300 (С.
The results of XRD analysis showed that in the case of a small content of zirconium dioxide in the system (5 mol.%) during heating, the formation of Fe2O3 as hematite phase and solid solution based on tetragonal ZrO2 was observed. Increasing of zirconia content in the system up to 25 mol. % and then to 50 mol. % led to the formation, along with hematite (Fe2O3) the predominantly monoclinic ZrO2 phase (t-ZrO2 is fixed only in trace amounts). When the composition was 90 mol.%, X‑ray diffraction peaks fixed only m-ZrO2. This behavior may be explained due to kinetic factors.
The composition of the test composition was controlled by EDX and XRF methods. Composition of some samples is shown in the Table. 3.5.

Based on the analysis of the initial compositions it can be concluded that results are suitable for further study of visual-polythermic by both the phase composition and the ratio of the components.
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Fig. 3.5 –DSC and XRD investigation results of composition obtained by 
a) sol-gel and b) – mixed sol-gel – hydrothermal synthesis
Table 3.5 – Control of the test compositions
	Sample
	ZrO2
	FeO1.5

	
	mol.%

	sgs1
	by synthesis
	5
	95

	
	EDX
	3.2(0.4
	96.8(0.4

	
	XRF
	6.2(0.3
	93.8(2.0

	sgs4
	by synthesis
	25
	75

	
	EDX
	23.6(0.6
	76.4(0.6

	
	XRF
	26.4(0.9
	73.6(1.7

	sghs1
	by synthesis
	25
	75

	
	EDX
	28.9(0.6
	71.1(0.6

	
	XRF
	29.1(1.2
	70.9(1.5


3.3. VPA in high-temperature microscopy and SEM/EDX analysis results
Visual polythermal analysis of sps4 composition (see Table 3.1.) has been performed in the annealing-quenching mode. The results are shown in Fig. 3.6-3.10. Table 3.6 summarizes the results of measurements of the characteristic temperatures.
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Fig. 3.6 – Test №1 of sps4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1440(С; temperature of the start of active spreading sample on holder – 1486(С; full spreading temperature – 1559(С; quenching temperature – 1725(С.
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Fig. 3.7 – Test №2 of sps4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1435(С; temperature of the start of active spreading sample on holder – 1521(С; full spreading temperature – 1655(С; quenching temperature – 1732(С.
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Fig. 3.8 – Test №3 of sps4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1448(С; temperature of the start of active spreading sample on holder – 1479(С; full spreading temperature – 1543(С; quenching temperature – 1843(С.
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Fig. 3.9 – Test №4 of sps4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1426(С; temperature of the start of active spreading sample on holder – 1525(С; temperature of melt boiling – 1867(С; quenching temperature – 1914(С.
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Fig. 3.10 – Test №5 of sps4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1460(С; temperature of the start of active spreading sample on holder – 1535(С; quenching temperature – 2045(С.
Table 3.6 – VPA VTM results of sps4 sample
	Effect
	T, (C

	Fe2O3→Fe3O4
	1442(13

	solidus
	1509(25

	liquidus
	1586(61


Comparison of the results with the known data on the Fe2O3→Fe3O4 transition temperature and solidus of the system (the eutectic temperature of the Fe2O3–Fe3O4–ZrO2 system) indicates good reproducibility of the measurements. On the other hand, the liquidus temperature of the system was not reliably measured in this series of experiments as for reaching the solidus melt spreads on the heater even, apparently, in the presence of a significant amount of the solid phase.

Among the five measured tests on VTM only for test 3 it was managed to produce polished section. This is due to the fact that for this test the melt was gathered into a drop of enough sample size. Fig. 3.11 and Table 3.7 show the data of SEM/EDX analysis of prepared polished section. Based on this SEM/EDX data it can be concluded that the sample was at the time of the isothermal completely in the liquid state (dendritic nature of crystallization). At the central part the dendrites are larger than at the periphery, which means lower cooling rates of the zone. At the same time, the central area is more enriched in the refractory component. This effect may be due to the fact that in the method of high-temperature microscopy sample zone is not isothermal. Melt from the heater has a higher temperature than in the area of ​​the meniscus. Together with a marked disadvantage nonisothermal system has some positive aspects. In particular, the large size of the dendrites in the central zone can perform analysis FeO1.5 solubility in ZrO2, which is 14.6 mol.% at a temperature in the vicinity of the quenching temperature - 1843 (C (Table 3.7, point P5).
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Fig. 3.11 – SEM images of test №3 of sps4 sample
Table 3.7 – EDX analysis results of test №3 of sps4 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	34.7
	65.3

	
	mol.%
	25.6
	74.4

	SQ2
	mass.%
	27.7
	72.3

	
	mol.%
	19.9
	80.1

	SQ3
	mass.%
	24.8
	75.2

	
	mol.%
	17.6
	82.4

	SQ4
	mass.%
	24.2
	75.8

	
	mol.%
	17.1
	82.9

	SQ5
	mass.%
	26.7
	73.3

	
	mol.%
	19.1
	80.9

	SQ6
	mass.%
	52.5
	47.5

	
	mol.%
	41.7
	58.3

	P1
	mass.%
	72.6
	27.4

	
	mol.%
	63.2
	36.8

	P2
	mass.%
	71.9
	28.1

	
	mol.%
	62.4
	37.6

	P3
	mass.%
	11.0
	89.0

	
	mol.%
	7.4
	92.6

	P4
	mass.%
	10.9
	89.1

	
	mol.%
	7.3
	92.7

	P5
	mass.%
	90.0
	10.0

	
	mol.%
	85.4
	14.6

	P6
	mass.%
	3.7
	96.3

	
	mol.%
	2.5
	97.5


Visual polythermal analysis of sps6 composition (see Table 3.1) performed in the annealing-quenching mode. The results are shown in Fig. 3.12.

As in the case of a sps4 sample, the data obtained for a sps6 sample correlate well with the known sources for the Fe2O3→Fe3O4 transition temperature (1433(С) and the solidus of the system (1542(С). Visual determination of the liquidus temperature (1891(С) is too low, because melt good running on the heater, even with a significant amount of the solid phase.

Fig. 3.13 and Table 3.8 show the data of SEM/EDX analysis of polished section of the test of sps6 sample prepared after VPA measurements. Based on these SEM/EDX data it can be concluded that the sample was at the time of isothermal holding in the region between the solidus and liquidus of the system, since there is well-faceted microstructure of crystals based on ZrO2. FeO1.5 solubility in ZrO2 according to EDX is 6.8 mol.% at 1891(С.
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Fig. 3.12 – Test №1 of sps6 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1433(С; temperature of the start of active spreading sample on holder – 1542(С; full spreading temperature и она же quenching temperature – 1891(С.
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Fig. 3.13 – SEM images of test №1 of sps6 sample
Table 3.8 – EDX analysis results of test №1 of sps6 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	49.3
	50.7

	
	mol.%
	38.6
	61.4

	SQ2
	mass.%
	41.8
	58.2

	
	mol.%
	31.8
	68.2

	SQ3
	mass.%
	52.7
	47.3

	
	mol.%
	41.9
	58.1

	SQ4
	mass.%
	74.2
	25.8

	
	mol.%
	65.0
	35.0

	P1
	mass.%
	95.5
	4.5

	
	mol.%
	93.2
	6.8

	P2
	mass.%
	3.8
	96.2

	
	mol.%
	2.5
	97.5

	Total composition
	mol.%
	40.3(2.3
	59.8(2.3


Visual polythermal analysis of sps7composition (see Table 3.1) was performed in the annealing-quenching mode. The results are shown in Fig. 3.14, 3.15.

As in the previous measurements, the data obtained for a sps7 sample correlate well with the known sources for the Fe2O3→Fe3O4 transition temperature (1433(11(С) and solidus (1550(24(С) of the system. Liquidus temperature of the system to visually identify as it was not possible (measured in 1700(С, clearly underestimated) because melt good running on the heater, even with a significant amount of the solid phase.

Fig. 3.16-3.17 and Table 3.9-3.10 show SEM/EDX analysis data of polished sections of tests prepared sps7 sample after VPA measurements. Based on these SEM/EDX data it can be concluded that the two samples were examined at the time of isothermal holding in the region between the solidus and liquidus of the system. Despite of thindendrite character of crystallization of the test №1 it is possible to assess the solubility limits FeO1.5 in ZrO2 which is less as 13.7 mol.% at 1630(С. Microstructure itself indicates that the system under mentioned conditions is in a state closed to the solidus. The average composition of samples corresponds to the content FeO1.5 of 46.2(2.8 mol.%, which is rather closed to the specified composition.
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Fig. 3.14 – Test №1 of sps7 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1444(С; temperature of the start of active spreading sample on holder – 1567(С; quenching temperature – 1630(С; (full temperature spreading is not reached).
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Fig. 3.15 – Test №2 of sps7 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1422(С; temperature of the start of active spreading sample on holder – 1533(С; full spreading temperature – 1690(С; quenching temperature – 1700(С.
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Fig. 3.16 – SEM images of test №1 of sps7 sample
Table 3.9 – EDX analysis results of test №1 of sps7 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	64.6
	35.4

	
	mol.%
	54.2
	45.8

	SQ2
	mass.%
	63.7
	36.3

	
	mol.%
	53.2
	46.8

	P1
	mass.%
	90.7
	9.3

	
	mol.%
	86.3
	13.7

	P2
	mass.%
	10.9
	89.1

	
	mol.%
	7.3
	92.7
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Fig. 3.17 – SEM images of test №2 of sps7 sample
Table 3.10 – EDX analysis results of test №2 of sps7 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	61.0
	39.0

	
	mol.%
	50.4
	49.6

	SQ2
	mass.%
	81.9
	18.1

	
	mol.%
	74.6
	25.4

	SQ3
	mass.%
	54.9
	45.1

	
	mol.%
	44.1
	55.9

	SQ4
	mass.%
	70.4
	29.6

	
	mol.%
	60.6
	39.4

	SQ5
	mass.%
	67.4
	32.6

	
	mol.%
	57.3
	42.7

	SQ6
	mass.%
	51.0
	49.0

	
	mol.%
	40.3
	59.7

	SQ7
	mass.%
	50.7
	49.3

	
	mol.%
	40.0
	60.0

	SQ8
	mass.%
	26.6
	73.4

	
	mol.%
	19.0
	81.0


Visual polythermal analysis of sgs1 composition (see Table 3.1) was performed in the annealing-quenching mode. The results are shown in Fig. 3.18-3.20.
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Fig. 3.18 – Test №1 of sgs1 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1444(С; temperature of the start of active spreading sample on holder – 1519(С; full spreading temperature – 1705(С; quenching temperature – 1860(С.
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Fig. 3.19 – Test №2 of sgs1 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1431(С; temperature of the start of active spreading sample on holder – 1509(С; full spreading temperature – 1683(С; quenching temperature – 1770(С.
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Fig. 3.20 – Test №3 of sgs1 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1436(С; temperature of the start of active spreading sample on holder – 1523(С; full spreading temperature – 1751(С; quenching temperature – 1779(С.

The measurement results are summarized in Table 3.11. Data for sgs1 sample on the Fe2O3→Fe3O4 transition temperature and solidus of the system are closed to those obtained on samples prepared by solid-state method. Visually determined liquidus temperature in this case is overstated relative to forecast. This is probably connected with the kinetics of the process.

Table 3.11 – VPA in VTM results of sgs1 sample
	Effect
	T, (C

	Fe2O3→Fe3O4
	1437(7

	solidus
	1517(7

	liquidus
	1713(35



Fig. 3.21 and Table 3.12 show data of SEM/EDX analysis of prepared polished sections of the first two tests of the sgs1 sample after VPA measurements.
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Fig. 3.21 – SEM images of test №1 (1) and test №2 (2) of sgs1 sample
Table 3.12 – EDX analysis results of test №1 (1) and test №2 (2) of sgs1 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	9.2
	90.8

	
	mol.%
	6.1
	93.9

	SQ2
	mass.%
	16.6
	83.4

	
	mol.%
	11.4
	88.6

	P1
	mass.%
	23.7
	76.3

	
	mol.%
	16.8
	83.2

	P2
	mass.%
	0.6
	99.4

	
	mol.%
	0.4
	99.6

	P3
	mass.%
	24.0
	76.0

	
	mol.%
	17.0
	83.0

	P4
	mass.%
	0.6
	99.4

	
	mol.%
	0.4
	99.6


Based on presented SEM/EDX data of sgs1 sample it can be concluded that the two tests were examined at the time of isothermal liquid. Dendrites are the phases of the primary crystallization and represent almost pure iron oxide (points P2, P4). Fixed ZrO2 as the impurity are likely to be the capture of zones located between dendrites eutectic crystallization (points P1, P3). The average composition of samples corresponds to the content of FeO1.5 91.3(3.7 mol.%, Which is rather close to the specified composition.

Visual polythermal analysis of sgs4 composition (see Table 3.1) was performed in the annealing-quenching mode. The results are shown in Fig. 3.22-3.24.

The measurement results are summarized in Table 3.13. Data for a sgs4 sample temperature of Fe2O3→Fe3O4 transition and solidus of the system is closed to the results obtained from samples prepared by solid state method. Liquidus temperature of the system was not managed to be determined correctly also (it was measured as 1657(С, clearly underestimated) because melt was good running on the heater, even with a significant amount of the solid phase.

Fig. 3.25-3.27 and Table 3.14-3.16 show data of SEM/EDX analysis of polished sections of tests prepared on sgs4 sample after VPA measurements. Based on these SEM/EDX data it can be concluded that the first test was at the time of isothermal holding between solidus and liquidus of the system, because on the microstructure of the meniscus (in the area with the minimum temperature of the melt), the layer of sintered faceted crystals based on ZrO2 (Fig. 3.25, area 1-2) was observed. The sample number 2 also has such a zone, but the crystal was much smaller, which meant that the liquidus for the test of the temperature was near the neighborhood of 1899(С. Sample № 3 has undergone a slow cooling to obtain a layer phase primary crystallization and large areas of eutectic crystallization, as observed in polished sections (Fig. 3.27, area 1-2). Vast areas with the eutectic type with primary crystallization pushback ZrO2 crystallites in peripheral areas of the sample are observed in all cases. This may indicate either a lack of quenching rate (which is unlikely for such masses), or a high temperature gradient in the direction of the samples from the heater to the melt surface. In this case, at the sample number 2, crystallized by quenching from 1899(С temperature phenomena accompanying the equilibrium stratification in the liquid phase is not observed. This fact contradicts the experimental version of the state diagram, proposed in [5]. However, one can argue on this theme for not having miscibility gap. Further study of the system in a wider concentration-temperature range is needed.

Thus, in this series solubility limits of FeO1.5 in ZrO2 at three different temperatures (6.6(0.5 mol.% at 1769(С, 5.3(1.0 mol.% at 1899(С and 14.4(1.0 mol.% at the eutectic temperature) and the eutectic composition corresponding content of FeO1.5 87.7(0.3 mol.% were determined. The average composition of tests corresponds to the FeO1.5 content of 71.0(8.3 mol.%.
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Fig. 3.22 – Test №1 of sgs4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1442(С; temperature of the start of active spreading sample on holder – 1505(С; full spreading temperature – 1668(С; quenching temperature – 1769(С.
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Fig. 3.23 – Test №2 of sgs4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1439(С; temperature of the start of active spreading sample on holder – 1543(С; full spreading temperature – 1635(С; quenching temperature – 1899(С.
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Fig. 3.24 – Test №3 of sgs4 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1415(С; temperature of the start of active spreading sample on holder – 1511(С; full spreading temperature – 1668(С; isothermic annealing temperature (30 s) – 1842(С, after that slow cooling.

Table 3.13 – VPA in VTM results of sgs4 sample
	Эффект
	T, (C

	Fe2O3→Fe3O4
	1432(15

	solidus
	1520(20

	liquidus
	1657(19
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Fig. 3.25 – SEM images of test №1 of sgs4 sample
Table 3.14 – EDX analysis results of test №1 of sgs4 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	56.7
	43.3

	
	mol.%
	45.9
	54.1

	SQ2
	mass.%
	62.2
	37.8

	
	mol.%
	51.6
	48.4

	SQ3
	mass.%
	18.1
	81.9

	
	mol.%
	12.5
	87.5

	P1
	mass.%
	95.4
	4.6

	
	mol.%
	93.1
	6.9

	P2
	mass.%
	91.1
	8.9

	
	mol.%
	86.9
	13.1

	P3
	mass.%
	95.9
	4.1

	
	mol.%
	93.8
	6.2

	P4
	mass.%
	0.8
	99.2

	
	mol.%
	0.5
	99.5
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Fig. 3.26 – SEM images of test №2 of sgs4 sample
Table 3.15 – EDX analysis results of test №2 of sgs4 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	33.0
	67.0

	
	mol.%
	24.2
	75.8

	SQ2
	mass.%
	40.9
	59.1

	
	mol.%
	30.9
	69.1

	SQ3
	mass.%
	17.7
	82.3

	
	mol.%
	12.3
	87.7

	SQ4
	mass.%
	17.7
	82.3

	
	mol.%
	12.3
	87.7

	SQ5
	mass.%
	18.3
	81.7

	
	mol.%
	12.6
	87.4

	P1
	mass.%
	95.9
	4.1

	
	mol.%
	93.8
	6.2

	P2
	mass.%
	97.1
	2.9

	
	mol.%
	95.6
	4.4

	P3
	mass.%
	96.5
	3.5

	
	mol.%
	94.8
	5.2

	P4
	mass.%
	14.0
	86.0

	
	mol.%
	9.5
	90.5

	P5
	mass.%
	1.4
	98.6

	
	mol.%
	0.9
	99.1

	P6
	mass.%
	0.8
	99.2

	
	mol.%
	0.5
	99.5
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Fig. 3.27 – SEM images of test №3 of sgs4 sample
Table 3.16 – EDX analysis results of test №3 of sgs4 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	50.1
	49.9

	
	mol.%
	39.5
	60.5

	SQ2
	mass.%
	48.8
	51.2

	
	mol.%
	38.1
	61.9

	SQ3
	mass.%
	17.0
	83.0

	
	mol.%
	11.7
	88.3

	P1
	mass.%
	90.7
	9.3

	
	mol.%
	86.3
	13.7

	P2
	mass.%
	89.7
	10.3

	
	mol.%
	85.0
	15.1

	P3
	mass.%
	4.8
	95.2

	
	mol.%
	3.2
	96.8

	P4
	mass.%
	2.0
	98.0

	
	mol.%
	1.3
	98.7


Visual polythermal analysis of sghs1composition (see Table 3.1) was performed in the annealing-quenching mode. The results are shown in Fig. 3.28-3.30.

The measurement results are summarized in Table 3.17.

The results obtained on the sghs1 sample can conclude that the characteristic temperatures in the ZrO2-FeOy system depend on the method of composition preparation. Thus, in the case of deposition of Fe(OH)3 on ZrO2 nanoparticles, visually apparent temperature of the beginning of the sample shape degradation (transition Fe2O3 in Fe3O4) was on 50(С lower than in the case of samples of series sps and sgs. Solidus temperature of the system (eutectic melting in the system Fe2O3-Fe3O4-ZrO2), although in less manner, was also turned out to be an underestimate. Liquidus temperature of the system just as in the previous cases, was not correctly identified.

Fig. 3.31 and Table 3.18 show data of SEM/EDX analysis of polished sections of tests prepared on sghs1 sample after VPA measurements.
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Fig. 3.28 – Test №1 of sghs1 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1375(С; temperature of the start of active spreading sample on holder – 1494(С; full spreading temperature – 1668(С; quenching temperature – 1845(С.
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Fig. 3.29 – Test №2 of sghs1 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1374(С; temperature of the start of active spreading sample on holder – 1475(С; full spreading temperature – 1698(С; quenching temperature – 1880(С.
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Fig. 3.30 – Test №3 of sghs1 sample during the experiment:
temperature of the beginning of the sample shape degradation – 1384(С; temperature of the start of active spreading sample on holder – 1486(С; full spreading temperature – 1650(С; quenching temperature – 1763(С.

Table 3.17 – VPA in VTM results of sghs1 sample
	Эффект
	T, (C

	Fe2O3→Fe3O4
	1378(6

	solidus
	1485(10

	liquidus
	1672(24
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Fig. 3.31 – SEM images of test №1 (1) and test №2 (2) of sghs1 sample
Table 3.18 – EDX analysis results of test №1 (1) and test №2 (2) of sghs1 sample
	№
	ZrO2
	FeO1.5

	SQ1
	mass.%
	36.5
	63.5

	
	mol.%
	27.1
	72.9

	SQ2
	mass.%
	16.5
	83.5

	
	mol.%
	11.4
	88.6

	P1
	mass.%
	90.7
	9.3

	
	mol.%
	86.4
	13.6

	P2
	mass.%
	84.8
	15.2

	
	mol.%
	78.3
	21.7

	P3
	mass.%
	90.4
	9.6

	
	mol.%
	85.9
	14.1

	P4
	mass.%
	29.0
	71.0

	
	mol.%
	20.9
	79.1


Based on SEM/EDX data of sghs1 sample it can be concluded that the first test was at the time of isothermal holding between solidus and liquidus of the system, because on the microstructure of the meniscus (in the area with the minimum temperature of the melt), the layer of sintered faceted crystals based on ZrO2 was observed. On the microstructure of the sample number 2 it was impossible to make definitive conclusions. Thus, the liquidus of the data composition is near of 1880(С. Solubility limit of FeO1.5 in ZrO2 in the sample number 1 was 13.9(0.4 in 1845(С. If we compare the data with the results of a series of sgs4, we can see a contradiction in the temperature range of 1750-1850(С. This result may be an indication of a phase transition occurring in this temperature range. You also can not exclude the effect of the sample background from hydrothermal treatment. The average composition of samples corresponds to the content of FeO1.5 76.0(4.4 mol.%, which is referred to specified composition.
4. Discussion of results
By annealing-quenching method in the high-temperature microscopy the phase equilibria in the ZrO2–FeOy system in air have been studied. The eutectic point position in the system was clarified. The solubility limits of the components were determined. The fragment of liquidus curve in the range of 60 to 100 mol.% FeO1.5 concentration was constructed. The received information is generalized in Tables 4.1 and 4.2 are. According to the get results the average temperature of the Fe2O3(Fe3O4 phase transition in ZrO2–FeOy system is 1435(19(С and the eutectic temperature of 1517(29(С, which corresponds to the data obtained in [4]. Fig. 4.1 provides the phase diagram of the system, based on the obtained data.

It is worth to be mentioned that the studied system is related to the multicomponent system, and therefore, the presented version should be considered as a quasi-binary section.

Table 4.1 – The composition and temperature of the characteristic points of ZrO2-FeOy system
	FeOy, mol.%
	T, (C
	Test

	
	Ttr (Fe2O3(Fe3O4)
	Tsol (Teut)
	Tspreading
	Tliq
	

	91.3(3.7
	1437(7
	1517(7
	1713(35
	-
	sgs1

	87.7(0.3
	1432(15
	1520(20
	-
	-
	sgs4

	81.0
	-
	-
	-
	1700
	sps7

	76.0(4.4
	1378(6
	1485(10
	1672(24
	-
	sghs1

	74.4
	1442(13
	1509(25
	1586(61
	1843
	sps4

	71.0(8.3
	1432(15
	1520(20
	1657(19
	-
	sgs4

	69.1
	-
	-
	-
	1899
	sgs4

	59.8(2.3
	1433
	1542
	1891
	-
	sps6

	58.1
	-
	-
	-
	1891
	sps6

	46.2(2.8
	1433(11
	1550(24
	1700
	-
	sps7


Table 4.2 – FeOy in ZrO2 solubility limits
	T, (C
	FeOy, mol.%
	Test

	1517(29
	14.4(1.0
	sgs4

	1630
	13.7
	sps7

	1769
	6.6(0.5
	sgs4

	1843
	14.6
	sps4

	1845
	13.9(0.4
	sghs1

	1891
	6.8
	sps6

	1899
	5.3(1.0
	sgs4
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Fig. 4.1 – The generalized research results of ZrO2–FeOy system (air).
During the investigation on air no signs of miscibility gap (as visually as for quenched samples microstructure investigation) on target quasi-binary section was observed.

To judge about the possibility of a wide range of liquid phase separation by the course of the liquidus curve presented in this work is also hard.

However, if the dome delamination is located at narrow area on concentrations and temperatures, its presence can have a minimal influence on the liquidus in the considered region. 
So, to answer the question of the presence or absence of liquid phase stratification in the system, the further study in other temperature-concentration ranges is required.

For the further research in the field of high-temperature part of the system the modernization of the hardware of high-temperature microscope is needed. To determine the type of the phase diagram a detailed study of the phase equilibria in the temperature range of 1000-1500 °C and concentration of 0-15 mol.% FeOy is necessary to be done.
Conclusion
1. Quasibinary section of ZrO2-FeOy system in air was constructed.

2. The position of the eutectic point, corresponding to the content 87.7 ± 0.3 mol.% FeOy and a temperature of 1517(29(С was clarified.

3. The solubility limits of FeOy in ZrO2 in a wide temperature range were identified.

4. No sign of miscibility gap in the studied concentration-temperature range was observed.
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