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Introduction
At the ex-vessel stage of the severe accident with nuclear reactor the corium melt can contain a considerable amount of iron oxides (steel oxidation products) and calcium oxides (products of corium interaction with concretes, sacrificial and refractory materials). 

The motioned circumstances explain the necessity of studying systems with calcium oxide in order to optimize the available data bases and verify the numerical codes. 

The main objective of the reported work– experimental evaluation of data on phase equilibria in the UO2–FeO–SiO2 system: 

· concentration curves of the liquidus and solidus temperatures;

· coordinates of eutectic points.
The produced results will be used to:

· optimize the thermodynamical databases, NUCLEA in particular;

· specify numerical thermodynamical models;

· analyze the safety of operating and designed NPPs.

Experimental studies of phase equilibria in the miscibility region of the UO2–FeO–SiO2 system have been conducted using the method of annealing – quenching in the Galakhov microfurnace.

Physicochemical analysis of produced specimens was conducted using the method of scanning electron microscopy (SEM) combined with the system of energy-dispersive X-ray spectroscopy (EDX).

The ratio of immiscible liquids in the system was evaluated by the GEMINI2 code using the database on phase equilibria in corium systems NUCLEA10 [1].

1. State of the art review
The detailed analysis of data on phase equilibria in the UO2–FeO–SiO2 ternary system is given in the report on the studied phase equilibria in the eutectic region of this system [2]. This report focuses only on the ternary system domains, where the presence of miscibility gap is assumed. Fig.1 gives the available data on the miscibility gap in binary systems [3-5]. Fig. 1a – the projection of monotectic plane on the concentration triangle, and Fig. 1b – the 3D view of assumed miscibility gap borders in the system, which was constructed using the data for binary sections. Fig. 1b also shows the plotted data on the evaluated composition and temperature of eutectic compositions in accordance with [2].
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Fig. 1.1 – Phase equilibria in UO2–FeO–SiO2:

a) – projection of monotectics plane on the concentration triangle, the dotted lines connect compositions of coexisting phases on the monotectics of binary sections, the dash-dot line connects critical points of the miscibility gaps in the binary systems; b) – 3D phase diagram with the prognosis of miscibility gap boundaries.

2. Experimental techniques and installations description

At present, there does not exist a single universal method that can be applied in phase diagram investigations to obtain reliable and accurate temperatures of phase transformations, including Tsol and Tliq for the systems with specified compositions, in wide range 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 a complex of mutually complementary methods ensuring a higher reliability of data from experimental studies.

2.1  Method of high-temperature annealing – quenching in the Galakhov microfurnace
Experiments GPRS were performed using the tailor-made experimental setup – Galakhov microfurnace [6], designed and built in the Grebenschikov Institute of Silicate Chemistry, Russian Academy of Sciences (ISCh RAS) and adjusted in the Alexandrov Research Institute of Technology (NITI) (Fig. 2.1).
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1 –pyrometer; 2- video cameras; 3 -W – tubular heater; 4 – molybdenum crucible; 5-molybdenum specimen holder; 6- electromagnetic lock; 7 – specimen quenching chamber.

Fig. 2.1 – Adjusted Galakhov mirofurnace
Molybdenum crucibles were used for sample melting; the charge mass of 50 - 150 mg was put into them. Following this the  crucibles were placed on the molybdenum holder   into the isometric zone of tubular heater. The samples were heated and exposed  at temperatures corresponding to the set thermogram. After the sample annealing  following the thermogram it was either quenched by dropping into the quenching chamber or cooled inside the furnace after its disconnection. The operating range of temperature change in the zone spans from 1000 through 2500(C. The specimen surface temperature in the furnace was measured with the RAYTEK MR1-SC spectral ratio pyrometer with the measurement relative error of 1% (i. e. no less than 25(C).

3. Experiments in Galakhov microfurnace
3.1. Analysis of the initial charge materials
In preparing the experiments the charge components – uranium dioxide and iron oxide (II) were analyzed for the content of main component and admixtures.

The content of metallic iron Fe0 was measured by the copper-sulfate method.

The method is based on the replacement of copper with metallic iron when the analyzed specimen powder is treated with the bluestone solution [7, 8]. Fe2+ ions equivalent to Femet, are titrated with the solution of potassium bichromate in presence of the redox indicator of sodium phenyl-amino sulfate.

The method enables to determine the content of metallic iron in powder specimens, if the iron content is below 0.5%.

Equations of the reactions:

Fe+CuSO4=FeSO4+Cu↓
(3.1)

6FeSO4+K2Cr2O7+7H2SO4=Cr2(SO4)3+3Fe2(SO4)3+K2SO4+7H2O
(3.2)

Content of metallic iron (С, mass%) is calculated in the following way:

CFe met.= (100((a-b)(T)/m ,
(3.3)

where: 

а –0.1 n of  potassium bichromate solution spent on titration, ml;

b – 0.1 n of  potassium bichromate solution spent on titration of the solution in the reference experiment, ml;

Т – titre of 0.1 n potassium bichromate solution recalculated for the grams of metallic iron;

m – weighed portion corresponding to the aliquot part of the solution used for titration, g.

Content of Fe(II) and Fe(III) was evaluated by the photocolorimetry with orthophenanthroline.

The method is based on the reaction of orthophenanthroline (1.10- phenanthroline) with ions of Fe(II), which produces a complex bright-orange compound. The intensity of coloring is in proportion to the iron concentration. Due to a high stability of the compound (constant of the formation is 9.8·1021) the optical density does not depend on рН within 2-9 limits. The coloring develops fast at рН=3.0-3.5 in presence of orthophenanthroline in excess; it remains stable during several weeks. In more oxidic solutions the coloring develops slower and it is weaker. Direct evaluation of iron is possible at its mass concentration from 0.5 to 2.0 mg/dm3 [9, 10]. The method enables a separate identification of ferrous iron and total iron in the solution. The presence of ferric iron is calculated from the difference between Fe (II) and total iron. The mass concentration of iron (Х) in mg/dm3 is calculated from:

X=(C(25)/V ,
(3.4)

where:

С – iron concentration identified using the calibration graph, mg/dm3;

V – aliquot volume of iron solution sampled for the evaluation, cm3;

25 – volume to which the sample is dissolved, cm3.

The UO2 samples were used to determine the O/U ratio by thermogravimetry; it was 2.0 and 2.3.

The technique is meant for determining the O/U ratio in powdered urania used in the charge, and in the fused urania that was found to contain metallic impurities in quantities below 0.5 mass %, and nitrogen and carbonа in quantities below 0.01 mass %.

The essence is in the calcination of the UO2±x–containing powder up to U3O8 followed by the O/U ratio calculation from the mass change during calcination [11, 12] using the equation:
UOx+(2.67-x)O(UO2.67
(3.5)

Calculations employ the formula

O/U= (42.72A-280.75()/16.00A
(3.6)

where:

А is the analytical sample after calcination, g;

( is the mass change during calcination, g.

Composition of charge components is presented in Tab. 3.1.1
Table 3.1.1 – Charge components composition
	Components
	Main substance content, %
	Impurities, mass %
	Notes

	Powdered UO2, <200 µm dispersivity
	>99.0
	Fe<0.03; As<0.0003; CuO<0.01; phosphates <0.002; chlorides <0.003
	Passport data, thermogravimetry

	FeO
	99.5
	-
	Cat. ”Research chemicals metals and materials”, 30513, p.365, 2002-2003.

	Fe
	>99.9
	Si-0.0005; Mg-0.0001; Cu-0.0001; Ni-0.019; Pb-0.0001; Zn-0.00028
	Passport data

	SiO2
	>98.5
	Fe-0.001, Pb-0.002, nitrate-0.001, sulphates -0.01, chlorides – 0.001
	Passport data


3.2. Tests specification
Experiments were conducted in the inert atmosphere (argon-hydrogen mixture – 95.8 vol.% Ar + 4.2 vol.% H2). For the FeO stoichiometry in the melt a getter, carbonyl iron, was added.
To determine the tie-line directions and compositions of coexisting liquids 20 experiments of the GPRS series have been conducted in the miscibility gap of the UO2–FeO–SiO2 system. The method of annealing-quenching in the Galakhov microfurnace was used. The specified compositions and thermal treatment programs are given in Table 3.2.1.
Table 3.2.1 –GPRS experimental matrix for determining tie-lines in the UO2–FeO–SiO2 miscibility gap

	Test
	              Content, mass %

mol. %
	Temperature, (С С
	Exposure time, min

	
	UO2
	FeO
	SiO2
	
	

	GPRS33
	18.4

5.0
	24.4

25.0
	57.2

70.0
	1100
	60

	
	
	
	
	2100
	5

	GPRS34
	32.8

10.0
	8.7

10.0
	58.5

80.0
	1100
	60

	
	
	
	
	1850
	5

	GPRS35
	52.5

20.0
	4.9

7.0
	42.6

73.0
	1100
	60

	
	
	
	
	1950
	5

	GPRS59
	49.4
18.0
	3.6
5.0
	47.0
77.0
	1100
	60

	
	
	
	
	1750
	10

	GPRS60
	49.4

18.0
	3.6
5.0
	47.0

77.0
	1100
	60

	
	
	
	
	1850
	10

	GPRS61
	37.5

12.0
	8.3

10.0
	54.2
78.0
	1100
	60

	
	
	
	
	1750
	10

	GPRS62
	37.5

12.0
	8.3

10.0
	54.2
78.0
	1100
	60

	
	
	
	
	1850
	10

	GPRS63
	21.8

6.0
	14.5

15.0
	63.7
79.0
	1100
	60

	
	
	
	
	1750
	10

	GPRS64
	21.8

6.0
	14.5

15.0
	63.7
79.0
	1100
	60

	
	
	
	
	1850
	10

	GPRS65
	49.4

18.0
	3.6
5.0
	47.0

77.0
	1100
	60

	
	
	
	
	1850
	10

	GPRS67
	49.4

18.0
	3.6
5.0
	47.0

77.0
	1100
	60

	
	
	
	
	1950
	10

	GPRS68
	49.4

18.0
	3.6
5.0
	47.0

77.0
	1100
	60

	
	
	
	
	2050
	10

	GPRS69
	37.5

12.0
	8.3

10.0
	54.2
78.0
	1100
	60

	
	
	
	
	1900
	10

	GPRS70
	37.5

12.0
	8.3

10.0
	54.2
78.0
	1100
	60

	
	
	
	
	1950
	10

	GPRS71
	21.8

6.0
	14.5

15.0
	63.7
79.0
	1100
	60

	
	
	
	
	1700
	10

	GPRS72
	21.8

6.0
	14.5

15.0
	63.7
79.0
	1100
	60

	
	
	
	
	1950
	10

	GPRS79
	49.4

18.0
	3.6
5.0
	47.0

77.0
	1100
	60

	
	
	
	
	2150
	10

	
	
	
	
	2000
	10

	GPRS80
	37.5

12.0
	8.3

10.0
	54.2
78.0
	1100
	60

	
	
	
	
	2000
	10

	
	
	
	
	1800
	10

	GPRS81
	21.8

6.0
	14.5

15.0
	63.7
79.0
	1100
	60

	
	
	
	
	2000
	10

	
	
	
	
	1725
	10

	GPRS84
	-
	23.0
20.0
	77.0
80.0
	1100
	60

	
	
	
	
	2100
	10

	
	
	
	
	1700
	10


3.3. Experimental procedures
All experimental procedures in the series were identical (except GPRS79-81, 84); they included:

1. Weighing of empty crucible.

2. Layer-by-layer filling of crucible with charge and compacting of each layer.

3. Weighing of crucible with charge. 

4. Crucible installation into the furnace,

5. Degassing of furnace internal space and filling it with argon-hydrogen mixture at 3 atm. Pressure;
6. Heating start and exposition at 1100(С during 60 minutes;

7. Staged heating to the predetermined temperature level;

8. Specimen exposition during 10 min;

9. For experiments GPRS79-81, 84 – gradual cooling to the set temperature;

10. Specimen exposition during 10 min followed by its drop into the quenching chamber;

11. Removal from crucible or from the chamber after cooling, cutting along the axis and preparation of polished section for the SEM/EDX analysis.

3.4. Posttest analyses
The scanning electron microscopy (SEM) and the Energy-dispersive X-ray spectroscopy (EDX) were applied for determining microstructure and elemental composition of samples. The SEM analysis employed Hitachi S-570 (Japan), while the elemental analysis of the chosen regions of ingots and samples was done by a microanalysis system Bruker Quantax 200 (Germany).

For each region, the spectral characteristic was measured and used for determining the integral composition and of each individual phase. The quantitative analysis used the method of fundamental parameters.

The limit of an element reliable detection depends on its atomic number in the periodic table and varies from 0.5 mass % for light elements to 0.3 mass % for heavy ones. Detection of smaller quantities would be unreliable.

Depending on the electron beam energy and sample composition, the depth of electronic probe penetration varies from 1 to 5 µm. A microanalyzer detects radiation in a still thinner layer of ~1 µm.

Experimental studies are presented in Figs. 3.1-3.53 and in Tables 3.1-3.40.

3.4.1. First experimental series (GPRS33-35)
Table 3.2 gives initial compositions and procedures for heating – cooling in the GPRS33-35 experiments. Objective of the first experimental series was to determine the miscibility gap boundaries in the system at a temperature close to monotectics. The compositions were chosen to represent the maximum range of assumed liquid-phase miscibility region in the system.

The GPRS33 composition was chosen so that, on one hand, to get a substantial fraction of a heavy liquid in case of getting into the liquid-phase miscibility layer, on the other – to have the system composition close to that of the t SiO2–FeO binary system.

Fig. 3.1shows photographs of the polished section with marked SEM/EDX analysis locations. Fig. 3.2-3.4 and Table 3.1-3.2 show the SEM/EDX studies of the axial section of GPRS33 crucible. In the X-ray map of the crucible section two crystallized layers can be seen distinctly (Fig. 3.2). Lower – metallic layer is the product of interaction between crucible material and the melt getter. Main phases of this layer –Mo(Fe) solid solution and Mo6Fe7 intermetallide. Beside these phases crystals can be found in the layer; their composition corresponds to the MoFe2O4-x compound. The top oxidic layer is the fine-crystallized mixture of three phases (as a minimum), which are difficult to identify by EDX due to their small size (Fig. 3.4, region 2-1, Table 3.2). We should note the absence of molybdenum traces in the top layer. The microstructure is isotropic and uniform across the entire surface of the polished section. In Fig. 3.5 the data are plotted on the concentration triangle. It can be noted that the composition of crystallized oxidic liquid is close to the composition specified for the experiment.

The completed analysis brings the following conclusions on the experiment. First, the absence of molybdenum in the oxidic melt, in spite of the identified iron-getter interaction, recommends the use of this crucible type for the whole experimental series on the determination of tie-lines in the UO2–FeO–SiO2 miscibility gap. Second, at the quenching temperature of the melt it was either completely homogeneous or (if the equilibrium miscibility in the liquid phase at this temperature is assumed) had such small quantity of SiO2 liquid that the bottom zones could not get into the plane of the polished section. But as the annealing temperature is considerably higher than the theoretically evaluated gap heights, the first assumption is more likely. On the other hand, the character of produced microstructure is very untypical and resembles the microstructure of heavy liquid crystallized in the UO2-SiO2 system. This testifies to the miscibility gap presence near to the studied region.

The GPRS34 composition was chosen to represent the central part of the liquid-phase miscibility gap of the system. The visual analysis of the GPRS34 polished section testifies to the macro inhomogeneity of the microstructure (Fig. 3.6). At this the inclusions have the irregular shape, which reveals that the melt exposition time is insufficient for  establishing equilibrium. In spite of this the bottom part of the polished section has an uninterrupted layer of the heavy liquid. The layer microstructure is similar to that of experiment GPRS33, it has a fine-grain structure and contains at least three phases: UO2-based, SiO2-based and probably a glass (vitrified) one. The layer of light liquid contains crystallized globules of heavy liquid, beside the microstructure similar to that of the bottom layer they have a number of peculiarities. First, the “heavy” liquid globules have drops of metallic iron. Their presence is explained by the addition of the metallic getter. The metallic getter has a minimum influence on the phase equilibria of the ternary oxidic system, but it complicates the analysis and brings additional uncertainty into the measurement of iron content in the system (the higher the getter fraction is, the larger is the uncertainty). Second, the globules contain rounded grains of the UO2-based phase, which form agglomerations (e.g. Fig. 3.10, region 4‑1). The origin of such formations can be attributed either to the unachieved equilibrium in the system (incomplete charge melting) or to the crystallization peculiarities of the most refractory phase of the globule. Third, the crystallization of fine-grain structure forms eutectic-like labyrinth structures in globules (e.g., Fig. 3.8, region 2-1-1-1); their average composition is given in Table 3.10. Though the system has not reached equilibrium, it is possible to plot compositions of coexisting phases on the phase diagram in the first approximation. If we consider phase equilibria at the temperature, from which quenching was started (1850 (C), then the composition of macro layers should be attributed to the composition of coexisting phases. The statistically processed EDX data are also given in Table 3.10 and plotted in the diagram (Fig. 3.14, blue tie-line – points l1 and l2). Beside this the analysis of globular inclusions and light matrix enables to evaluate the compositions of coexisting phases at temperature close to that of monotectics for the studied composition (Fig. 3.14, brown tie-line – points l3 and l4). Basically, the GPRS34 experiment enables to conclude that the time of exposition should be extended to 10 minutes and, if possible, it is advisable to reduce the getter content in the system.

The GPRS35 composition was chosen in such a way so that, on one hand, get a rather large fraction of heavy liquid (in case of getting into the region of liquid-phase miscibility) and, on the other, so that the system composition was close to the miscibility gap of the UO2–SiO2 system.

The GPRS35 polished section does not show macrolayers and macro inhomogeneities (Fig. 3.15). But micro inhomogeneities of irregular shape are observed, they are rather uniformly distributed across the polished section surface. The SEM has shown that micro inhomogeneities have the amoeba-like (ameobous) shape, and their microstructure is similar to that of GPRS34 heavy liquid globules. This type of microstructure may indicate that the system  either has not reached equilibrium before the quenching time or that such microstructure was formed during cooling. The macro inhomogeneity of the polished section shows that the last assumption is more probable. Ameobous structure indicates that during the microstructure formation the system was not in equilibrium, such picture can be observed when cooling is started from the homogeneous liquid state, e.g., above the gap, when in the process of cooling the liquid undergoes the spinoidal decomposition. Consequently, the ameobous structure and matrix coexisting with it (Table 3.14, Fig. 3.21) cannot be attributed to the specific temperature, but it can be assumed that they lie on the spinodal in the region close to the monotectic temperature. Like in GPRS34 the getter, metallic iron contained in the melt, brings a rather strong uncertainty into the composition evaluation in regions enriched with iron and uranium oxides. The average composition corresponds to the composition of the system. At this it is interesting to note that the crystallization character and microstructure composition in the region of the melt surface (Fig. 3.19, region 4-2), is somewhat different from the average composition in the crucible. The presence of this region confirms an assumption about the crystallization of the system from the homogeneous phase, as it reflects the way of system crystallization and changes in the crystallization character depending on the cooling rate.

[image: image3.png]



Fig. 3.1 -A polished section from GPRS33 with regions marked for the SEM/EDX analysis
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Fig. 3.2 – SEM/EDX X-Ray mapping of region 1. GPRS33
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Fig. 3.3 – Microphotographs of region 1. GPRS33
Table 3.1 –EDX data for region 1

	#
	U
	Fe
	Si
	Mo
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	-
	-
	-
	100
	-
	-
	Mo

	
	mol.%
	-
	-
	-
	100
	-
	
	

	SQ2
	mass%
	-
	24.1
	-
	68.1
	7.9
	-
	Bulk composition of metallic layer

	
	mol.%
	-
	26.4
	-
	43.5
	30.1
	
	

	SQ3
	mass%
	14.6
	17.7
	30.7
	-
	36.9
	15.8
	21.7
	62.5
	Average composition of oxidic layer

	
	mol.%
	1.6
	8.4
	28.9
	-
	61.0
	4.2
	21.6
	74.3
	

	P1
	mass%
	-
	9.0
	-
	87.1
	3.9
	-
	Mo(Fe) solid solution

	
	mol.%
	-
	12.2
	-
	69.0
	18.7
	
	

	P2
	mass%
	-
	44.3
	-
	52.6
	3.1
	-
	Mo6Fe7 (()

	
	mol.%
	-
	51.8
	-
	35.8
	12.5
	
	

	P3
	mass%
	-
	45.6
	-
	36.7
	17.8
	-
	Probably MoFe2O4-x

	
	mol.%
	-
	35.3
	-
	16.6
	48.1
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Fig. 3.4 – Microphotographs of region 2. GPRS33
Table 3.2 –EDX data for region 2
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	P1
	mass%
	67.0
	11.9
	5.6
	15.5
	73.6
	14.9
	11.5
	UO2-enriched phase 

	
	mol.%
	16.9
	12.9
	11.9
	58.3
	40.6
	30.8
	28.6
	

	P2
	mass%
	22.1
	15.3
	26.0
	36.5
	25.0
	19.6
	55.4
	FeO -enriched phase

	
	mol.%
	2.6
	7.7
	25.9
	63.8
	7.2
	21.2
	71.6
	

	P3
	mass%
	11.3
	14.2
	30.7
	43.8
	13.3
	18.8
	67.9
	

	
	mol.%
	1.1
	6.1
	26.5
	66.3
	3.4
	18.2
	78.4
	

	P4
	mass%
	18.4
	20.1
	35.2
	26.3
	17.1
	21.2
	61.7
	

	
	mol.%
	2.3
	10.8
	37.6
	49.3
	4.6
	21.3
	74.1
	

	P5
	mass%
	1.8
	6.9
	33.9
	57.4
	2.5
	10.6
	86.9
	SiO2-enriched phase

	
	mol.%
	0.2
	2.5
	24.5
	72.8
	0.6
	9.2
	90.2
	

	P6
	mass%
	7.3
	18.5
	38.8
	35.4
	7.2
	20.7
	72.1
	

	
	mol.%
	0.8
	8.4
	34.9
	55.9
	1.8
	19.0
	79.2
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Fig. 3.5 – The GPRS33 results
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Fig. 3.6 -A polished section from GPRS34 with regions marked for the SEM/EDX analysis
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Fig. 3.7 – Microphotographs of region 1. GPRS34
Table 3.3 –EDX data for region 1

	#
	U
	Fe
	Si
	Mo
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	30.1
	15.2
	21.2
	-
	33.5
	34.5
	19.7
	45.8
	Bulk composition of the heavy liquid 

	
	mol.%
	3.9
	8.4
	23.3
	-
	64.5
	11.0
	23.6
	65.5
	

	SQ2
	mass%
	6.4
	2.5
	45.7
	-
	45.4
	6.8
	3.0
	90.3
	Light matrix

	
	mol.%
	0.6
	1.0
	35.8
	-
	62.6
	1.6
	2.6
	95.8
	

	SQ3
	mass%
	36.3
	12.7
	21.0
	-
	30.0
	40.2
	15.9
	43.8
	Bulk composition of the heavy liquid 

	
	mol.%
	5.1
	7.6
	24.9
	-
	62.5
	13.5
	20.1
	66.3
	

	P1
	mass%
	87.6
	-
	-
	-
	12.4
	100
	-
	-
	UO2

	
	mol.%
	32.2
	-
	-
	-
	67.8
	100
	-
	-
	

	P2
	mass%
	12.4
	12.3
	39.8
	-
	35.5
	12.2
	13.8
	74.0
	SiO2 with fine-grain inclusions

	
	mol.%
	1.3
	5.6
	36.2
	-
	56.8
	3.1
	13.1
	83.9
	

	P3
	mass%
	8.4
	2.9
	40.4
	-
	48.3
	9.5
	3.7
	86.7
	

	
	mol.%
	0.8
	1.1
	31.6
	-
	66.4
	2.3
	3.4
	94.3
	

	P3
	mass%
	-
	9.5
	-
	90.5
	-
	-
	Mo(Fe)

	
	mol.%
	-
	15.2
	-
	84.8
	-
	
	

	P4
	mass%
	-
	-
	-
	100
	-
	-
	Mo

	
	mol.%
	-
	-
	-
	100
	-
	
	

	P5
	mass%
	3.0
	48.3
	20.0
	-
	28.6
	3.2
	57.3
	39.5
	Glass phase

	
	mol.%
	0.4
	25.6
	21.1
	-
	52.9
	0.8
	54.3
	44.9
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Fig. 3.8 – Microphotographs of region 2. GPRS34
Table 3.4 –EDX data for region 2
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	34.1
	15.5
	17.8
	32.6
	40.0
	20.6
	39.5
	Bulk composition of the heavy liquid droplet

	
	mol.%
	4.6
	9.0
	20.6
	65.9
	13.6
	26.2
	60.2
	

	SQ2
	mass%
	36.0
	16.2
	17.3
	30.6
	41.4
	21.1
	37.5
	

	
	mol.%
	5.1
	9.8
	20.7
	64.4
	14.3
	27.4
	58.2
	

	SQ3
	mass%
	46.5
	5.3
	18.2
	30.0
	53.5
	7.0
	39.5
	Bulk composition of the crystallization of the labyrinth type

	
	mol.%
	6.9
	3.4
	23.0
	66.6
	20.8
	10.2
	69.0
	

	SQ4
	mass%
	34.8
	11.3
	19.2
	34.7
	41.4
	15.3
	43.3
	

	
	mol.%
	4.6
	6.3
	21.4
	67.7
	14.1
	19.6
	66.3
	

	P1
	mass%
	2.4
	43.1
	20.2
	34.3
	2.7
	54.7
	42.7
	Glass phase

	
	mol.%
	0.3
	21.2
	19.8
	58.8
	0.7
	51.4
	47.9
	

	P2
	mass%
	85.2
	1.2
	0.3
	13.3
	97.9
	1.5
	0.6
	UO2

	
	mol.%
	29.3
	1.7
	0.8
	68.2
	92.2
	5.4
	2.4
	

	P3
	mass%
	1.5
	96.5
	1.0
	1.0
	-
	Fe

	
	mol.%
	0.3
	94.3
	1.9
	3.4
	
	

	P4
	mass%
	10.4
	4.2
	40.7
	44.7
	11.3
	5.2
	83.5
	SiO2 with inclusions

	
	mol.%
	1.0
	1.7
	33.2
	64.1
	2.8
	4.8
	92.4
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Fig. 3.9 – Microphotographs of region 3. GPRS34
Table 3.5 –EDX data for region 3
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	30.2
	13.9
	20.9
	34.9
	35.4
	18.5
	46.2
	Bulk composition of the heavy liquid droplet

	
	mol.%
	3.8
	7.6
	22.6
	66.0
	11.3
	22.2
	66.4
	

	SQ2
	mass%
	28.6
	13.9
	21.8
	35.7
	33.5
	18.5
	48.1
	

	
	mol.%
	3.6
	7.4
	23.0
	66.0
	10.5
	21.8
	67.7
	

	SQ3
	mass%
	33.0
	10.2
	21.5
	35.3
	38.8
	13.6
	47.6
	Fine-grain structure of the droplet

	
	mol.%
	4.2
	5.5
	23.2
	67.1
	12.8
	16.8
	70.4
	

	SQ4
	mass%
	6.4
	2.4
	43.4
	47.7
	7.1
	3.0
	89.9
	Light matrix

	
	mol.%
	0.6
	1.0
	33.6
	64.9
	1.7
	2.7
	95.6
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Fig. 3.10 – Microphotographs of regions 4 and 5. GPRS34
Table 3.6 –EDX data for regions 4 and 5
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	15.1
	6.6
	35.9
	42.4
	16.7
	8.3
	75.0
	Bulk composition

	
	mol.%
	1.5
	2.9
	31.1
	64.4
	4.3
	8.1
	87.6
	

	SQ2
	mass%
	12.8
	4.2
	38.9
	44.2
	14.0
	5.2
	80.7
	

	
	mol.%
	1.3
	1.8
	32.4
	64.6
	3.5
	4.9
	91.5
	

	SQ3
	mass%
	28.5
	14.6
	20.8
	36.2
	33.8
	19.6
	46.6
	Bulk composition of the heavy liquid droplets

	
	mol.%
	3.5
	7.7
	21.9
	66.9
	10.7
	23.3
	66.0
	

	SQ4
	mass%
	32.1
	16.4
	19.6
	32.0
	36.6
	21.2
	42.2
	

	
	mol.%
	4.3
	9.4
	22.3
	64.0
	12.0
	26.0
	62.0
	

	SQ5
	mass%
	6.6
	2.8
	42.7
	48.0
	7.3
	3.5
	89.2
	Bulk composition of light matrix

	
	mol.%
	0.6
	1.1
	33.1
	65.2
	1.7
	3.1
	95.2
	

	SQ6
	mass%
	14.1
	4.6
	37.3
	44.0
	15.7
	5.8
	78.5
	

	
	mol.%
	1.4
	2.0
	31.5
	65.2
	4.0
	5.6
	90.4
	

	SQ7
	mass%
	6.7
	2.1
	42.3
	48.9
	7.6
	2.7
	89.7
	

	
	mol.%
	0.6
	0.8
	32.5
	66.0
	1.8
	2.4
	95.8
	

	SQ8
	mass%
	12.9
	4.9
	37.4
	44.7
	14.5
	6.3
	79.2
	Bulk composition

	
	mol.%
	1.3
	2.1
	31.2
	65.4
	3.7
	6.0
	90.3
	

	P1
	mass%
	6.8
	2.1
	41.7
	49.4
	7.8
	2.7
	89.5
	SiO2 with inclusions

	
	mol.%
	0.6
	0.8
	32.0
	66.6
	1.8
	2.4
	95.7
	

	P2
	mass%
	-
	99.2
	-
	0.8
	-
	Fe

	
	mol.%
	-
	97.1
	-
	2.9
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Fig. 3.11 – Microphotographs of regions 6 and 7. GPRS34
Table 3.7 –EDX data for regions 6 and 7
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	44.6
	11.8
	14.4
	29.3
	52.4
	15.7
	31.9
	Bulk composition of the heavy liquid droplet

	
	mol.%
	6.8
	7.7
	18.7
	66.8
	20.6
	23.2
	56.2
	

	P1
	mass%
	7.2
	3.0
	44.5
	45.3
	7.7
	3.6
	88.8
	SiO2 with inclusions

	
	mol.%
	0.7
	1.2
	35.2
	62.9
	1.8
	3.2
	95.0
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Fig. 3.12 – Microphotographs of region 8. GPRS34
Table 3.8 –EDX data for region 8
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	46.0
	4.9
	17.1
	32.0
	55.0
	6.6
	38.5
	Composition of labyrinth structure

	
	mol.%
	6.7
	3.0
	21.0
	69.3
	21.8
	9.8
	68.5
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Fig. 3.13 – Microphotographs of regions 9 and 10. GPRS34
Table 3.9 –EDX data for regions 9 and 10
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	28.9
	12.7
	21.1
	37.4
	34.8
	17.3
	47.8
	Bulk composition of heavy liquid

	
	mol.%
	3.5
	6.6
	21.8
	68.0
	11.1
	20.7
	68.3
	

	SQ2
	mass%
	30.3
	11.7
	21.2
	36.8
	36.3
	15.9
	47.8
	

	
	mol.%
	3.8
	6.2
	22.2
	67.8
	11.7
	19.3
	69.1
	


Table 3.10 – Statistically processed EDX analysis data of the GPRS34 characteristic regions (mol.%)
	T, ºC
	Type
	UO2
	FeO
	SiO2
	Note

	1850
	Heavy liquid (l1)
	11.8(1.2
	20.9(1.9
	67.3(1.7
	Macro stratification

	
	Light liquid (l2)
	4.0(0.3
	6.6(1.3
	89.4(1.6
	

	Tm
	Heavy liquid (l3)
	12.2(1.5
	23.4(3.6
	64.4(4.4
	Micro stratification

	
	Light liquid (l4)
	1.7(0.1
	2.8(0.3
	95.5(0.4
	

	<Tm
	Maze (a)
	21.3(0.7
	10.0(0.3
	68.8(0.4
	Labyrinth microstructure
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Fig. 3.14 – The GPRS34 results (l1-l2 – tie-line related to the quenching temperature – 1850 (С, l3-l4 – tie-line related to the temperature close to the monotectics, a – labyrinth microstructure).
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Fig. 3.15 -A polished section from GPRS35 with regions marked for the SEM/EDX analysis
[image: image18.png]



Fig. 3.16 – Microphotographs of region 1. GPRS35
Table 3.11 –EDX data for region 1

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	26.7
	5.2
	31.5
	36.7
	29.0
	6.4
	64.6
	Bulk composition

	
	Mol.%
	3.1
	2.6
	31.0
	63.4
	8.4
	7.0
	84.6
	

	SQ2
	mass%
	26.0
	6.2
	31.3
	36.6
	28.2
	7.6
	64.2
	

	
	Mol.%
	3.0
	3.1
	30.8
	63.1
	8.2
	8.3
	83.5
	

	SQ3
	mass%
	13.0
	3.1
	42.3
	41.6
	13.5
	3.6
	82.8
	Composition of light matrix

	
	mol.%
	1.3
	1.3
	35.7
	61.7
	3.4
	3.4
	93.2
	

	SQ4
	mass%
	39.2
	8.7
	18.8
	33.2
	46.3
	11.7
	42.0
	Composition of ameobous regions

	
	mol.%
	5.4
	5.1
	21.8
	67.7
	16.6
	15.8
	67.6
	

	SQ5
	mass%
	34.3
	10.3
	22.2
	33.3
	39.1
	13.3
	47.6
	

	
	mol.%
	4.5
	5.8
	24.7
	65.1
	12.9
	16.5
	70.6
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Fig. 3.17 – Microphotographs of region 2. GPRS35
[image: image20.png]



Fig. 3.18 – Microphotographs of region 3. GPRS35
Table 3.12 –EDX data for region 3
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	24.7
	4.7
	33.3
	37.2
	26.6
	5.8
	67.6
	Bulk composition

	
	mol.%
	2.8
	2.3
	32.1
	62.8
	7.6
	6.2
	86.3
	

	SQ2
	mass%
	31.8
	5.4
	29.2
	33.6
	34.2
	6.6
	59.3
	

	
	mol.%
	4.0
	2.9
	30.9
	62.3
	10.5
	7.6
	81.9
	

	SQ3
	mass%
	58.5
	5.2
	11.7
	24.7
	67.7
	6.9
	25.5
	Composition of ameobous regions

	
	mol.%
	10.7
	4.1
	18.1
	67.1
	32.6
	12.4
	55.1
	

	SQ4
	mass%
	43.3
	8.5
	18.5
	29.7
	49.4
	10.9
	39.7
	

	
	mol.%
	6.4
	5.3
	23.1
	65.2
	18.4
	15.3
	66.4
	

	SQ5
	mass%
	10.5
	2.5
	43.9
	43.0
	10.9
	3.0
	86.1
	Composition of light matrix

	
	mol.%
	1.0
	1.0
	36.0
	61.9
	2.7
	2.7
	94.6
	

	SQ6
	mass%
	14.0
	3.3
	41.1
	41.7
	14.7
	3.9
	81.4
	

	
	mol.%
	1.4
	1.4
	35.0
	62.3
	3.7
	3.7
	92.6
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Fig. 3.19 – Microphotographs of region 4. GPRS35
Table 3.13 –EDX data for region 4
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	33.9
	4.4
	25.6
	36.2
	38.9
	5.7
	55.4
	Bulk composition of the fine-grain structure

	
	mol.%
	4.2
	2.3
	26.8
	66.7
	12.6
	6.9
	80.5
	

	SQ2
	mass%
	33.6
	4.0
	25.5
	36.9
	39.0
	5.2
	55.8
	

	
	mol.%
	4.1
	2.1
	26.5
	67.3
	12.6
	6.4
	81.0
	

	P1
	mass%
	15.6
	82.8
	0.4
	1.2
	-
	Fe

	
	mol.%
	4.0
	90.6
	0.8
	4.6
	
	

	P2
	mass%
	34.0
	5.0
	25.6
	35.4
	38.7
	6.5
	54.8
	SiO2 with inclusions

	
	mol.%
	4.3
	2.7
	27.1
	66.0
	12.5
	7.8
	79.7
	

	P3
	mass%
	84.6
	0.5
	-
	14.9
	99.3
	0.7
	-
	UO2

	
	mol.%
	27.5
	0.7
	-
	71.8
	97.6
	2.4
	-
	

	P4
	mass%
	32.2
	5.1
	25.9
	36.8
	37.2
	6.6
	56.2
	SiO2 with inclusions

	
	mol.%
	3.9
	2.6
	26.7
	66.7
	11.8
	7.9
	80.3
	

	P5
	mass%
	39.6
	57.2
	1.6
	1.5
	-
	Fe

	
	mol.%
	12.4
	76.3
	4.1
	7.2
	
	

	P6
	mass%
	23.3
	3.3
	33.6
	39.8
	25.8
	4.1
	70.1
	SiO2 with inclusions

	
	mol.%
	2.6
	1.5
	31.2
	64.7
	7.2
	4.3
	88.5
	

	P7
	mass%
	86.4
	0.4
	-
	13.2
	99.5
	0.5
	-
	UO2

	
	mol.%
	30.4
	0.6
	-
	68.9
	98.0
	2.0
	-
	

	P8
	mass%
	32.2
	4.7
	26.4
	36.7
	36.9
	6.1
	57.0
	SiO2 with inclusions

	
	mol.%
	3.9
	2.4
	27.2
	66.5
	11.7
	7.2
	81.1
	

	P9
	mass%
	41.7
	3.9
	21.1
	33.2
	48.5
	5.2
	46.3
	Points in the SQ1-SQ2 structure

	
	mol.%
	5.7
	2.3
	24.5
	67.5
	17.6
	7.0
	75.4
	

	P10
	mass%
	20.4
	5.0
	33.7
	40.9
	22.7
	6.3
	70.9
	

	
	mol.%
	2.2
	2.3
	30.5
	65.0
	6.2
	6.5
	87.3
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Fig. 3.20 – Microphotographs of region 5. GPRS35
Table 3.14 – Statistically processed EDX analysis data of the GPRS35 characteristic regions (mol.%)
	T, ºC
	Typ
	UO2
	FeO
	SiO2
	Note

	<Tm
	Heavy liquid (l1)
	20.1(8.6
	15.0(1.8
	64.9(6.8
	Micro stratification

	
	Light liquid (l2)
	3.3(0.5
	3.3(0.5
	93.5(1.0
	

	1950
	Homogeneous (a)
	12.2(0.5
	7.2(0.6
	80.5(0.6
	Homogeneous structure

	<1950
	Unhomogeneous (b)
	8.7(1.3
	7.3(0.9
	84.1(1.9
	Decomposition structure
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Fig. 3.21 – The GPRS35 results (l1-l2 – tie-line related to the temperature close to the monotectics)

3.4.2.
Second experimental series (GPRS59-64)

Table 3.2 gives initial compositions and procedures for heating – cooling of the second experimental series. Objective of the second experimental series was to specify the position of monotectic plane in the UO2–FeO–SiO2 system, determine the miscibility gap boundaries in the system at a close-to-monotectics temperature. The compositions were chosen to give the maximum representation of the assumed liquid-phase miscibility in the system. The composition was adapted taking into account the results of the first experimental series. Time of the isothermal exposition for this and subsequent series was extended to 10 minutes.

Fig. 3.22 shows photographs of polished sections in the series with locations chosen for the SEM/EDX studies.

Fig. 3.23-3.25 and Table 3.15-3.17 present the SEM/EDX studies of the GPRS59-61 axial crucible sections. None of the experiments showed the stratification in the liquid phase. In this way at these temperatures the studied compositions were below the monotectics plane of the system. The produced data are plotted on the phase diagram of the system (Fig. 3.26). The deviation of average composition from the predetermined for the GPRS59-61 experiments can be explained by a number of reasons. First of all, the UO2-based phase is distributed in the bulk of the sample as crystallites with sharp edges. These crystals are surrounded by the SiO2-based glass-like matrix. In case of such microstructure the preparation of specimens can be accompanied by the crumbling of this phase from the matrix. Second, when components of the system have a substantially different density, it is quite difficult to homogenize the charge material and, consequently, ensure high accuracy of the identity of charge composition to the specified (predetermined) composition.

The GPRS62 composition was chosen to be the same as that of GPRS61, but the temperature of isothermal exposition was increased by 100(. In this case the microstructure testifies to the presence of stratification in the system in these conditions (Fig. 3.27). At this the inclusions have irregular shape, and bottom part of the template does not show the heavy liquid macro layer. All of this proves that 10 minutes are enough to produce the stratification of liquid phases in the system at 1850(С. The microstructure of drop-like inclusions is similar to the one observed in GPRS34. Though it was not possible to achieve the liquid phase stratification in the system, we can plot the compositions of coexisting phases on the phase diagram in the first approximation (Fig. 3.28). The compositions of drop-like inclusions and matrix are likely to correspond to the compositions of coexisting liquids on the system monotectics, and the temperature of 1850 (C is very close to monotectics. It should be noted that at this temperature in GPRS34, even at a shorter exposition the macro stratification was observed beside the micro stratification, and it was possible to construct two tie-lines: one at the temperature, from which the quenching was started, and second – at temperature close to monotectics for this composition (Fig. 3.14). Comparing the produced data we can note that the GPRS62 tie-line is closer to the UO2–SiO2 side. Therefore, these two experiments enable to conclude that the monotectics temperature rises rather sharply when approaching the UO2–SiO2 side.

The composition for GPRS63 was chosen to be closer to the FeO–SiO2 side and the temperature of isothermal exposition was 1750 (C. The microstructure gives a reason to discuss the presence of stratification in the system at these conditions (Fig. 3.29). At this the inclusions of rounded and irregular shape can be observed, and the bottom part of the template does not show the macrolayer with heavy liquid. All this indicates that coagulation of drops and stratification of liquid phases takes place in the system at 1750(С. Microstructure of droplike inclusions is similar to that observed in GPRS34 and GPRS62. Compositions of coexisting phases can be plotted on the phase diagram (Fig. 3.30). The compositions of droplike inclusions and matrix correspond to that of coexisting phases on the system monotectics, and the temperature of 1750 (C is close to monotectics for this system composition. The produced results also strongly confirm the assumption about the sharp increase of monotectics temperature in the proximity of the UO2–SiO2 side.

Experiment GPRS64 is different from GPRS63 by a higher temperature of isothermal exposition. The microstructure enables to speak about the presence of stratification in the system in these conditions (Fig. 3.31). At this the heavy liquid inclusions have a larger size and rounded shape, and the bottom part of the template also does not show the macrolayer of heavy liquid. All this indicates that the coagulation barrier for the drops still exists and stratification of liquid phases in the system does not take place at 1850 (С. But the size of drops and their close-to-ideal rounded shape indicate that the system is close to the coalescence threshold. In this way, differently from GPRS34, the obtained information is related to the temperature, from which the system quenching was started (Fig. 3.32). And Fig. 3.32 provides data on the tie-line at 1750 (С. The produced results (tie-line narrowing at the temperature growth) give a substantial confirmation for the adequacy of determined compositions of coexisting liquids. It should be noted that the produced data can be related to the intermediate temperature, because the composition of droplets and matrix can transform in the course of system cooling.

To summarize, the second experimental series enables to specify the monotectics temperature and the character of the monotectics plane of the system, and to construct three tie-lines in the miscibility gap.
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Fig. 3.22 -A polished section from GPRS59-64 with regions marked for the SEM/EDX analysis
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Fig. 3.23 – Microphotographs of regions 1 and 2. GPRS59
Table 3.15 –EDX data for regions 1 and 2
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	20.4
	3.1
	38.8
	37.7
	21.0
	3.6
	75.4
	Bulk composition

	
	mol.%
	2.2
	1.4
	35.7
	60.7
	5.6
	3.6
	90.7
	

	SQ2
	mass%
	26.0
	3.1
	35.0
	35.9
	27.3
	3.7
	69.1
	

	
	mol.%
	3.0
	1.5
	34.1
	61.4
	7.8
	3.9
	88.3
	

	P1
	mass%
	91.0
	-
	-
	9.0
	100
	-
	-
	UO2

	
	mol.%
	40.5
	-
	-
	59.5
	100
	-
	-
	

	P2
	mass%
	-
	93.9
	3.3
	2.8
	-
	Fe

	
	mol.%
	-
	85.2
	5.9
	8.8
	
	

	P3
	mass%
	-
	-
	48.1
	51.9
	-
	-
	100
	SiO2

	
	mol.%
	-
	-
	34.6
	65.4
	-
	-
	100
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Fig. 3.24 – Microphotographs of region 1. GPRS60
Table 3.16 –EDX data for region 1

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	20.6
	3.1
	36.5
	39.8
	22.2
	3.8
	74.0
	-

	
	mol.%
	2.2
	1.4
	33.1
	63.3
	6.0
	3.8
	90.2
	

	SQ2
	mass%
	21.4
	3.5
	34.9
	40.2
	23.4
	4.3
	72.3
	-

	
	mol.%
	2.3
	1.6
	31.8
	64.3
	6.4
	4.4
	89.1
	

	P1
	mass%
	89.8
	-
	-
	10.2
	100
	-
	-
	UO2

	
	mol.%
	37.3
	-
	-
	62.7
	100
	-
	-
	

	P2
	mass%
	-
	99.6
	-
	0.4
	-
	Fe

	
	mol.%
	-
	98.6
	-
	1.4
	
	

	P3
	mass%
	-
	-
	48.0
	52.0
	-
	-
	100
	SiO2

	
	mol.%
	-
	-
	34.4
	65.6
	-
	-
	100
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Fig. 3.25 – Microphotographs of region 1. GPRS61
Table 3.17 –EDX data for region 1

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	17.7
	7.3
	36.5
	38.6
	18.7
	8.7
	72.6
	Bulk composition

	
	mol.%
	1.9
	3.3
	33.2
	61.6
	4.9
	8.7
	86.4
	

	SQ2
	mass%
	16.4
	7.3
	36.9
	39.4
	17.4
	8.8
	73.8
	

	
	mol.%
	1.7
	3.3
	33.0
	62.0
	4.6
	8.6
	86.8
	

	P1
	mass%
	89.8
	-
	-
	10.2
	100
	-
	-
	UO2

	
	mol.%
	37.3
	-
	-
	62.7
	100
	-
	-
	

	P2
	mass%
	-
	98.1
	-
	1.9
	-
	Fe

	
	mol.%
	-
	93.6
	-
	6.4
	
	

	P3
	mass%
	4.8
	3.6
	42.5
	49.1
	5.4
	4.5
	90.0
	SiO2

	
	mol.%
	0.4
	1.4
	32.4
	65.8
	1.3
	4.0
	94.7
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Fig. 3.26 – The GPRS59-61 results
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Fig. 3.27 – Microphotographs of regions 1-5. GPRS62
Table 3.18–EDX data for regions 1-5
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Note

	SQ1
	mass%
	23.8
	8.3
	33.5
	34.5
	24.7
	9.7
	65.6
	Bulk composition

	
	mol.%
	2.8
	4.1
	33.2
	59.9
	6.9
	10.3
	82.8
	

	SQ2
	mass%
	24.1
	7.7
	33.1
	35.0
	25.3
	9.1
	65.6
	

	
	mol.%
	2.8
	3.8
	32.7
	60.7
	7.1
	9.7
	83.2
	

	SQ3
	mass%
	23.6
	8.7
	35.4
	32.3
	23.5
	9.9
	66.6
	

	
	mol.%
	2.8
	4.4
	35.7
	57.1
	6.5
	10.3
	83.2
	

	SQ4
	mass%
	48.2
	18.7
	11.3
	21.9
	53.2
	23.4
	23.4
	Drop

	
	mol.%
	8.8
	14.5
	17.4
	59.4
	21.6
	35.7
	42.7
	

	SQ5
	mass%
	13.7
	5.6
	43.5
	37.2
	13.4
	6.2
	80.4
	Matrix

	
	mol.%
	1.4
	2.5
	38.4
	57.7
	3.4
	5.9
	90.7
	

	SQ6
	mass%
	10.8
	6.1
	42.1
	41.0
	11.1
	7.1
	81.8
	

	
	mol.%
	1.1
	2.6
	35.6
	60.7
	2.7
	6.6
	90.7
	

	SQ7
	mass%
	45.2
	16.0
	15.6
	23.2
	48.7
	19.6
	31.6
	Droplets with UO2 crystals

	
	mol.%
	7.6
	11.6
	22.3
	58.5
	18.4
	27.9
	53.7
	

	SQ8
	mass%
	42.1
	6.8
	22.7
	28.5
	45.5
	8.3
	46.2
	Drop

	
	mol.%
	6.1
	4.2
	28.0
	61.7
	16.0
	11.0
	73.1
	

	SQ9
	mass%
	50.2
	7.7
	18.5
	23.5
	53.5
	9.3
	37.2
	

	
	mol.%
	8.5
	5.6
	26.6
	59.3
	20.9
	13.7
	65.3
	

	P1
	mass%
	7.4
	3.9
	36.8
	52.0
	9.1
	5.4
	85.5
	Matrix

	
	mol.%
	0.7
	1.5
	28.1
	69.7
	2.2
	4.9
	92.9
	

	P2
	mass%
	7.0
	3.6
	43.2
	46.2
	7.6
	4.4
	88.1
	

	
	mol.%
	0.6
	1.4
	34.0
	63.9
	1.8
	3.9
	94.3
	


Table 3.19 – Statistically processed EDX analysis data of the GPRS62 characteristic regions (mol.%)
	T, ºC
	Typ
	UO2
	FeO
	SiO2
	Note

	1850
	Heavy liquid (l1)
	19.2(2.6
	22.1(11.7
	58.7(13.3
	Micro stratification

	
	Light liquid (l2)
	2.5(0.7
	5.3(1.2
	92.2(1.8
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Fig. 3.28 – The GPRS62 results (l1-l2 – tie-line related to the quenching temperature – 1850 (С)
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Fig. 3.29 – Microphotographs of regions 1-4. GPRS63
Table 3.20–EDX data for regions 1-4
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Note

	SQ1
	mass%
	14.2
	11.9
	35.2
	38.8
	23.1
	19.4
	57.4
	Bulk composition

	
	mol.%
	1.5
	5.4
	31.7
	61.4
	3.9
	14.0
	82.1
	

	SQ2
	mass%
	9.6
	7.8
	40.6
	42.1
	16.5
	13.4
	70.1
	

	
	mol.%
	0.9
	3.3
	34.0
	61.8
	2.5
	8.6
	89.0
	

	SQ3
	mass%
	9.9
	9.0
	41.1
	40.0
	16.6
	15.0
	68.4
	

	
	mol.%
	1.0
	3.9
	35.1
	60.0
	2.5
	9.7
	87.8
	

	SQ4
	mass%
	13.6
	10.8
	35.5
	40.1
	22.7
	18.0
	59.2
	

	
	mol.%
	1.4
	4.8
	31.4
	62.3
	3.8
	12.8
	83.5
	

	SQ5
	mass%
	29.8
	24.1
	17.5
	28.6
	41.7
	33.8
	24.5
	Oval droplet

	
	mol.%
	4.2
	14.5
	21.0
	60.2
	10.6
	36.6
	52.9
	

	SQ6
	mass%
	28.8
	22.4
	19.1
	29.7
	41.0
	31.8
	27.2
	

	
	mol.%
	4.0
	13.1
	22.3
	60.7
	10.1
	33.3
	56.6
	

	SQ7
	mass%
	7.5
	7.5
	41.3
	43.7
	13.4
	13.3
	73.3
	Matrix (with small droplets)

	
	mol.%
	0.7
	3.1
	33.7
	62.6
	1.9
	8.2
	89.9
	

	SQ8
	mass%
	10.2
	7.1
	41.1
	41.5
	17.5
	12.2
	70.3
	

	
	mol.%
	1.0
	3.0
	34.6
	61.3
	2.6
	7.8
	89.5
	

	SQ9
	mass%
	31.3
	23.7
	16.2
	28.8
	43.9
	33.3
	22.8
	Droplets (with and without inclusions)

	
	mol.%
	4.5
	14.5
	19.7
	61.3
	11.6
	37.5
	50.9
	

	SQ10
	mass%
	35.5
	21.0
	15.5
	28.1
	49.3
	29.2
	21.5
	

	
	mol.%
	5.3
	13.3
	19.5
	62.0
	13.9
	35.0
	51.2
	

	SQ11
	mass%
	29.9
	23.9
	15.0
	31.2
	43.4
	34.8
	21.8
	

	
	mol.%
	4.1
	14.1
	17.6
	64.2
	11.5
	39.4
	49.0
	

	SQ13
	mass%
	38.4
	17.5
	14.5
	29.6
	54.5
	24.8
	20.6
	

	
	mol.%
	5.7
	11.0
	18.2
	65.1
	16.3
	31.6
	52.1
	

	SQ14
	mass%
	6.0
	4.9
	43.8
	45.3
	10.9
	9.0
	80.1
	Matrix (with small droplets)

	
	mol.%
	0.6
	2.0
	34.6
	62.9
	1.5
	5.3
	93.2
	

	SQ15
	mass%
	8.8
	7.6
	41.3
	42.2
	15.3
	13.2
	71.5
	

	
	mol.%
	0.9
	3.2
	34.4
	61.6
	2.3
	8.3
	89.4
	

	SQ16
	mass%
	5.4
	5.5
	43.5
	45.6
	10.0
	10.1
	79.9
	

	
	mol.%
	0.5
	2.2
	34.3
	63.0
	1.4
	5.9
	92.7
	

	SQ17
	mass%
	27.2
	20.4
	21.2
	31.2
	39.5
	29.6
	30.9
	Drop

	
	mol.%
	3.6
	11.5
	23.7
	61.2
	9.2
	29.6
	61.2
	

	SQ18
	mass%
	33.9
	28.6
	11.5
	26.0
	45.9
	38.6
	15.5
	Droplet with the capture of matrix

	
	mol.%
	5.3
	19.0
	15.2
	60.5
	13.4
	48.2
	38.4
	

	P1
	mass%
	6.5
	5.3
	42.3
	45.9
	12.1
	9.7
	78.2
	Matrix without droplets

	
	mol.%
	0.6
	2.1
	33.5
	63.8
	1.7
	5.8
	92.5
	

	P2
	mass%
	4.6
	4.6
	44.4
	46.5
	8.6
	8.5
	82.8
	

	
	mol.%
	0.4
	1.8
	34.5
	63.3
	1.2
	4.9
	94.0
	


Table 3.21 – Statistically processed EDX analysis data of the GPRS63 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	1750
	Heavy liquid (l1)
	11.9(2.4
	34.7(3.4
	53.4(4.2
	Micro stratification

	
	Light liquid (l2)
	1.8(0.5
	6.6(1.4
	91.6(1.9
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Fig. 3.30 – The GPRS63 results (l1-l2 – tie-line related to the quenching temperature – 1750 (С
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Fig. 3.31 – Microphotographs of regions 1-5. GPRS64
Table 3.22–EDX data for regions 1-5
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	21.9
	12.1
	32.1
	33.9
	22.8
	14.3
	62.9
	Bulk composition

	
	mol.%
	2.6
	6.1
	32.0
	59.3
	6.4
	14.9
	78.7
	

	SQ2
	mass%
	20.6
	13.2
	33.0
	33.2
	21.0
	15.3
	63.7
	

	
	mol.%
	2.4
	6.6
	32.9
	58.1
	5.8
	15.7
	78.5
	

	SQ3
	mass%
	15.6
	11.6
	37.6
	35.3
	15.6
	13.2
	71.2
	

	
	mol.%
	1.7
	5.4
	35.1
	57.8
	4.1
	12.9
	83.1
	

	SQ4
	mass%
	37.8
	17.2
	17.0
	28.0
	42.3
	21.8
	35.8
	Drops

	
	mol.%
	5.6
	10.9
	21.4
	62.0
	14.8
	28.7
	56.4
	

	SQ5
	mass%
	36.8
	14.6
	19.1
	29.5
	41.2
	18.5
	40.3
	

	
	mol.%
	5.3
	8.9
	23.1
	62.7
	14.1
	23.8
	62.0
	

	SQ6
	mass%
	33.5
	17.4
	18.1
	31.1
	38.4
	22.5
	39.1
	

	
	mol.%
	4.6
	10.2
	21.2
	63.9
	12.9
	28.4
	58.8
	

	SQ7
	mass%
	31.4
	15.3
	21.6
	31.7
	35.0
	19.4
	45.6
	

	
	mol.%
	4.2
	8.7
	24.4
	62.7
	11.2
	23.3
	65.5
	

	SQ8
	mass%
	40.0
	18.7
	20.3
	21.1
	40.2
	21.3
	38.5
	

	
	mol.%
	6.6
	13.1
	28.4
	51.9
	13.7
	27.3
	59.0
	

	SQ9
	mass%
	12.2
	6.2
	42.3
	39.2
	12.3
	7.1
	80.5
	Matrix

	
	mol.%
	1.2
	2.7
	36.6
	59.5
	3.1
	6.7
	90.2
	

	SQ10
	mass%
	37.4
	16.7
	18.2
	27.6
	41.2
	20.9
	37.9
	Center of large droplet

	
	mol.%
	5.5
	10.6
	22.9
	61.0
	14.2
	27.1
	58.7
	

	SQ11
	mass%
	36.6
	16.3
	17.1
	29.9
	41.9
	21.2
	36.9
	

	
	mol.%
	5.3
	10.0
	20.8
	63.9
	14.6
	27.7
	57.7
	

	P1
	mass%
	82.3
	4.5
	1.7
	11.5
	90.8
	5.6
	3.6
	UO2

	
	mol.%
	28.7
	6.7
	5.1
	59.5
	70.9
	16.5
	12.6
	

	P2
	mass%
	6.9
	44.4
	20.5
	28.2
	7.2
	52.5
	40.3
	Fe2SiO4 
(capture SiO2)

	
	mol.%
	0.9
	24.0
	22.0
	53.1
	1.9
	51.2
	47.0
	

	P3
	mass%
	8.9
	11.0
	32.7
	47.4
	10.7
	15.0
	74.3
	SiO2 (fayalite capture)

	
	mol.%
	0.9
	4.5
	26.7
	67.9
	2.7
	14.1
	83.3
	

	SQ12
	mass%
	30.3
	14.5
	23.1
	32.1
	33.5
	18.2
	48.3
	Drop

	
	mol.%
	4.0
	8.1
	25.6
	62.4
	10.5
	21.5
	68.0
	

	SQ13
	mass%
	33.7
	14.8
	20.6
	30.9
	37.7
	18.8
	43.4
	

	
	mol.%
	4.6
	8.6
	23.8
	62.9
	12.4
	23.3
	64.3
	

	P4
	mass%
	9.1
	5.2
	43.4
	42.4
	9.4
	6.1
	84.6
	Matrix

	
	mol.%
	0.9
	2.1
	35.7
	61.3
	2.3
	5.5
	92.2
	

	P5
	mass%
	7.3
	5.5
	37.2
	50.0
	8.7
	7.4
	83.8
	Region enriched with silicon

	
	mol.%
	0.7
	2.2
	29.0
	68.2
	2.1
	6.8
	91.1
	

	P6
	mass%
	44.7
	22.6
	9.6
	23.1
	50.5
	28.9
	20.5
	Droplet edge

	
	mol.%
	7.9
	17.0
	14.4
	60.7
	20.1
	43.2
	36.7
	

	SQ14
	mass%
	33.3
	12.7
	22.5
	31.5
	37.0
	16.0
	47.0
	Drops

	
	mol.%
	4.5
	7.3
	25.5
	62.8
	12.0
	19.5
	68.5
	

	SQ15
	mass%
	36.1
	17.0
	20.1
	26.8
	38.7
	20.6
	40.7
	

	
	mol.%
	5.3
	10.7
	25.2
	58.8
	12.9
	25.9
	61.2
	

	SQ16
	mass%
	34.6
	21.8
	19.3
	24.4
	36.1
	25.8
	38.1
	

	
	mol.%
	5.3
	14.2
	25.0
	55.5
	11.9
	31.9
	56.2
	

	SQ17
	mass%
	8.8
	6.4
	44.6
	40.2
	8.8
	7.2
	84.0
	Matrix

	
	mol.%
	0.9
	2.7
	37.3
	59.1
	2.1
	6.5
	91.3
	

	SQ18
	mass%
	12.7
	6.1
	45.1
	36.0
	12.2
	6.6
	81.2
	

	
	mol.%
	1.3
	2.7
	39.9
	56.0
	3.0
	6.2
	90.8
	

	SQ19
	mass%
	13.9
	6.8
	43.6
	35.8
	13.4
	7.4
	79.2
	

	
	mol.%
	1.5
	3.0
	39.1
	56.4
	3.4
	7.0
	89.6
	

	SQ20
	mass%
	16.3
	13.8
	36.3
	33.6
	16.2
	15.6
	68.2
	Bulk composition of the zone with droplets

	
	mol.%
	1.8
	6.7
	34.9
	56.6
	4.3
	15.4
	80.4
	

	SQ21
	mass%
	35.2
	15.9
	19.6
	29.3
	39.1
	20.0
	40.9
	Drop

	
	mol.%
	5.0
	9.6
	23.5
	61.9
	13.1
	25.2
	61.7
	

	SQ22
	mass%
	15.6
	8.1
	40.4
	35.9
	15.4
	9.1
	75.4
	Matrix

	
	mol.%
	1.7
	3.7
	37.0
	57.6
	4.0
	8.8
	87.2
	

	SQ23
	mass%
	37.2
	19.8
	16.6
	26.5
	40.9
	24.7
	34.4
	Drops

	
	mol.%
	5.7
	12.8
	21.4
	60.1
	14.2
	32.2
	53.7
	

	SQ24
	mass%
	35.1
	17.3
	19.7
	27.9
	38.2
	21.3
	40.4
	

	
	mol.%
	5.1
	10.7
	24.2
	60.1
	12.7
	26.7
	60.6
	

	SQ25
	mass%
	34.0
	16.0
	20.7
	29.3
	37.3
	19.9
	42.8
	

	
	mol.%
	4.8
	9.5
	24.6
	61.1
	12.2
	24.5
	63.2
	

	SQ26
	mass%
	16.0
	9.6
	37.7
	36.7
	16.3
	11.1
	72.6
	

	
	mol.%
	1.7
	4.4
	34.7
	59.2
	4.2
	10.8
	84.9
	

	SQ27
	mass%
	34.3
	22.3
	15.5
	27.9
	38.6
	28.5
	32.9
	

	
	mol.%
	5.1
	14.1
	19.4
	61.4
	13.1
	36.5
	50.3
	

	SQ28
	mass%
	11.0
	7.8
	41.6
	39.6
	11.2
	9.0
	79.8
	Matrix

	
	mol.%
	1.1
	3.4
	35.8
	59.7
	2.8
	8.4
	88.8
	

	SQ29
	mass%
	13.0
	6.1
	42.2
	38.6
	13.1
	7.0
	79.9
	

	
	mol.%
	1.3
	2.7
	36.8
	59.1
	3.3
	6.6
	90.2
	

	SQ30
	mass%
	11.4
	6.0
	42.1
	40.6
	11.7
	7.0
	81.4
	

	
	mol.%
	1.1
	2.6
	35.8
	60.5
	2.9
	6.5
	90.6
	

	SQ31
	mass%
	9.4
	6.6
	44.3
	39.7
	9.4
	7.5
	83.1
	

	
	mol.%
	0.9
	2.8
	37.4
	58.8
	2.3
	6.8
	90.9
	

	SQ32
	mass%
	10.2
	7.8
	43.2
	38.8
	10.2
	8.8
	81.0
	

	
	mol.%
	1.0
	3.4
	37.1
	58.5
	2.5
	8.1
	89.4
	

	SQ33
	mass%
	11.3
	8.2
	41.8
	38.7
	11.4
	9.4
	79.2
	

	
	mol.%
	1.2
	3.6
	36.3
	58.9
	2.8
	8.8
	88.4
	


Table 3.23 – Statistically processed EDX analysis data of the GPRS35 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	1850
	Heavy liquid (l1)
	13.0(1.2
	26.7(4.2
	60.3(4.8
	Micro stratification

	
	Light liquid (l2)
	2.9(0.5
	7.2(1.1
	90.0(1.4
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Fig. 3.32 – The GPRS64 results (l1-l2 – tie-line related to the quenching temperature – 1850 (С

3.4.3. Third experimental series (GPRS67-72)

Table 3.2 gives initial compositions and procedures for heating – cooling of the third experimental series. Objective of the third experimental series was to further specify the position of monotectic plane in the UO2–FeO–SiO2 system, construct the tie-lines in the miscibility gap in the system at a higher than monotectics temperature, and to overcome the threshold of coalescence, which was found in the second experimental series (establishment of conditions for monitoring micro-stratification in the system). The compositions and time of the isothermal exposition corresponded to the conditions of the second experimental series.

Fig. 3.33 shows photographs of polished sections in the series with locations chosen for the SEM/EDX studies.

Fig. 3.34 and Table 3.24 present the SEM/EDX studies of the GPRS67 axial crucible sections. In accordance with microstructural studies the studied composition was below the monotectics temperature of the system. The produced data are plotted on the phase diagram of the system (Fig. 3.35).

The GPRS68 composition was chosen in the same way as the GPRS67 composition, but the temperature of isothermal exposition was increased by 100(. In this case the microstructure indicates the presence of stratification in the system in these conditions (Fig. 3.36). The crystallized inclusions of the heavy liquid have both the irregular ameobous and regular rounded shape. No macrolayer of heavy liquid is observed in the bottom part of the template. The heavy liquid composition has a rather high uncertainty, which is explained by the small size of droplets and their small number on the surface of the polished sections. Compositions of coexisting liquid phases are plotted on the phase diagram (Fig. 3.28). The compositions of droplet inclusions and the matrix are likely to correspond to the composition of coexisting phases close to the system monotectics, and the temperature of 2050 (C for this composition is close to the monotectic one. 

The GPRS69 composition was chosen to be closer to the FeO–SiO2 side, and the temperature of the isothermal exposition was 1900 (C. The microstructure indicates the presence of stratification in the system (Fig. 3.38). Both irregular and rounded shape inclusions are observed. The size of inclusions and their number is larger than in GPRS68, and there also are UO2-enriched formations, which probably have the solid-phase history (e.g., regions 1-1-2 and 1-3-1). No melt stratification is observed in this experiment. The compositions of droplike inclusions and matrix correspond to those of coexisting phases on the systems monotectics, and temperature 1900 (C is close to monotectics for this composition (Fig. 3.39).

Experiment GPRS70 is different from GPRS69 by a higher temperature of isothermal exposition. The microstructure indicates the presence of stratification in the system (Fig. 3.40). Both irregular shape and rounded inclusions are observed. It is not possible to discuss the liquid-phase stratification into two liquids due to a small charge mass. The compositions of drop inclusions and matrix correspond to the composition of coexisting phases at the temperature of isothermal exposition (1950 (C). The large uncertainty in the heavy liquid composition is explained by the small number of droplike inclusions on the surface of the polished section and, respectively, the insufficient measurement statistics (Table 3.30 and Fig. 3.41).

The SEM/EDX data for the axial section of the GPRS71 crucible are given in Fig. 3.42 and Table 3.31. In accordance with the microstructure data the temperature of 1700 (C (isothermal exposition temperature) is below monotectics for the studied composition. The provided data are plotted on the phase diagram of the system (Fig. 3.43).

Experiment GPRS72 is different from GPRS71 by a higher temperature of isothermal exposition. The results of studied polished section of the GPRS72 crucible axial section are given in Fig. 3.44 and Table 3.32. In accordance with the studied microstructure the problem of droplet coalescence barrier was resolved in this experiment, because the polished section has two macrolayers, one of them corresponds to the light liquid, and another - to the heavy one. The character of inter-phase boundary brings a conclusion that the system was in the direct proximity to the coalescence threshold (region 1-3). If we consider phase equilibria at temperature, from which the quenching was started (1950 (C), the composition of macrolayers should be attributed to the composition of coexisting phases. The statistically processed EDX measurements are also given in Table 3.33 and plotted on the phase diagram of the system (Fig. 3.45, blue tie-line – points l1 and l2). Beside this the analysis of globular inclusions and light matrix enables to evaluate the composition of coexisting phases at a temperature close to the monotectic one for the studied composition (Fig. 3.45, brown tie-line – points l3 and l4). It should be noted that the complicated coalescence of droplets contributes into the uncertainty of the measured composition of coexisting phases.

In this way the third experimental series made a further specification of monotectic temperature and the character of monotectics plane in the system. It also provided the plotting of five tie-lines in the miscibility gap.
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Fig. 3.33 -A polished section from GPRS67-72 with regions marked for the SEM/EDX analysis
[image: image36.png]



Fig. 3.34 – Microphotographs of regions 1-5. GPRS67
Table 3.24–EDX data for regions 1-5
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Note

	SQ1
	mass%
	33.8
	3.7
	40.4
	22.1
	29.6
	3.7
	66.7
	Bulk composition

	
	mol.%
	4.7
	2.2
	47.5
	45.7
	8.6
	4.0
	87.3
	

	SQ2
	mass%
	40.0
	4.4
	39.6
	16.0
	33.4
	4.2
	62.4
	

	
	mol.%
	6.3
	3.0
	53.0
	37.7
	10.1
	4.7
	85.1
	

	SQ3
	mass%
	18.9
	4.8
	48.4
	27.9
	16.3
	4.7
	78.9
	Fusible matrix

	
	mol.%
	2.2
	2.4
	47.5
	47.9
	4.2
	4.6
	91.2
	

	SQ4
	mass%
	92.9
	0.9
	1.6
	4.6
	95.9
	1.1
	3.1
	Solid phase

	
	mol.%
	51.8
	2.2
	7.4
	38.5
	84.3
	3.6
	12.1
	

	P1
	mass%
	95.7
	0.7
	-
	3.5
	99.2
	0.8
	-
	UO2

	
	mol.%
	63.2
	2.0
	-
	34.8
	96.9
	3.1
	-
	

	P2
	mass%
	15.5
	4.2
	51.0
	29.4
	13.3
	4.1
	82.6
	SiO2

	
	mol.%
	1.7
	2.0
	47.9
	48.5
	3.3
	3.8
	92.8
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Fig. 3.35 – The GPRS67 results

Table 3.25–EDX data for regions 1-7

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	36.5
	3.4
	39.4
	20.7
	31.8
	3.4
	64.8
	Bulk composition

	
	mol.%
	5.3
	2.1
	48.2
	44.4
	9.5
	3.8
	86.8
	

	SQ2
	mass%
	37.5
	2.9
	38.2
	21.4
	33.3
	2.9
	63.8
	

	
	mol.%
	5.4
	1.8
	46.8
	46.0
	10.1
	3.3
	86.6
	

	SQ3
	mass%
	36.3
	3.6
	36.9
	23.2
	33.0
	3.7
	63.3
	

	
	mol.%
	5.1
	2.2
	44.1
	48.7
	10.0
	4.2
	85.8
	

	SQ4
	mass%
	66.5
	7.2
	13.5
	12.8
	66.4
	8.2
	25.4
	Inhomogeneous inclusions

	
	mol.%
	16.5
	7.7
	28.5
	47.3
	31.4
	14.5
	54.0
	

	SQ5
	mass%
	55.4
	4.5
	25.6
	14.5
	50.9
	4.7
	44.3
	

	
	mol.%
	10.9
	3.8
	42.8
	42.5
	19.0
	6.6
	74.4
	

	SQ6
	mass%
	23.4
	2.9
	44.9
	28.8
	21.0
	3.0
	76.0
	Matrix

	
	mol.%
	2.8
	1.5
	45.1
	50.7
	5.6
	3.0
	91.4
	

	SQ7
	mass%
	62.1
	5.1
	18.4
	14.4
	60.5
	5.7
	33.8
	Droplets without UO2 and Fe crystals

	
	mol.%
	13.7
	4.8
	34.3
	47.2
	25.9
	9.1
	65.0
	

	SQ8
	mass%
	38.8
	4.2
	35.6
	21.4
	35.1
	4.3
	60.6
	

	
	mol.%
	5.7
	2.7
	44.5
	47.1
	10.8
	5.0
	84.2
	

	SQ9
	mass%
	25.2
	2.6
	47.2
	25.0
	21.5
	2.5
	75.9
	Matrix

	
	mol.%
	3.1
	1.4
	49.5
	46.0
	5.8
	2.6
	91.7
	

	SQ10
	mass%
	38.5
	3.4
	38.0
	20.1
	33.8
	3.4
	62.9
	Bulk composition

	
	mol.%
	5.7
	2.1
	47.7
	44.4
	10.3
	3.9
	85.9
	

	SQ11
	mass%
	72.7
	3.7
	12.7
	10.9
	72.1
	4.2
	23.8
	Inhomogeneous inclusion

	
	mol.%
	20.3
	4.4
	30.0
	45.3
	37.1
	8.1
	54.9
	

	P1
	mass%
	26.8
	3.1
	43.3
	26.8
	23.9
	3.2
	72.9
	Matrix

	
	mol.%
	3.3
	1.7
	45.6
	49.4
	6.6
	3.3
	90.1
	

	P2
	mass%
	78.1
	2.2
	11.0
	8.7
	77.1
	2.4
	20.5
	Fine-grain structure of the droplet

	
	mol.%
	25.2
	3.0
	30.1
	41.7
	43.2
	5.1
	51.6
	

	SQ12
	mass%
	49.3
	20.6
	17.4
	12.7
	46.7
	22.1
	31.1
	Inhomogeneous droplet with Fe

	
	mol.%
	10.4
	18.5
	31.1
	39.9
	17.3
	30.8
	51.8
	

	P3
	mass%
	78.9
	4.8
	7.0
	9.3
	80.9
	5.6
	13.5
	Fine-grain structure of the droplet

	
	mol.%
	26.6
	7.0
	19.9
	46.5
	49.7
	13.0
	37.3
	

	P4
	mass%
	-
	100
	-
	-
	-
	Fe

	
	mol.%
	-
	100
	-
	-
	
	

	P5
	mass%
	21.8
	2.2
	45.0
	31.0
	20.0
	2.3
	77.8
	SiO2-enriched region in the droplet

	
	mol.%
	2.5
	1.1
	43.7
	52.8
	5.3
	2.3
	92.5
	

	P6
	mass%
	28.5
	3.2
	41.2
	27.1
	25.9
	3.3
	70.8
	Matrix

	
	mol.%
	3.6
	1.7
	44.0
	50.7
	7.3
	3.5
	89.2
	

	SQ13
	mass%
	57.5
	10.9
	17.4
	14.1
	56.0
	12.0
	32.0
	Inhomogeneous droplet with Fe

	
	mol.%
	12.5
	10.1
	32.0
	45.5
	22.9
	18.5
	58.7
	

	SQ14
	mass%
	25.5
	3.2
	43.2
	28.1
	23.0
	3.3
	73.7
	Matrix

	
	mol.%
	3.1
	1.7
	44.5
	50.7
	6.3
	3.4
	90.3
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Fig. 3.36 – Microphotographs of regions 1-7. GPRS68
Table 3.26 – Statistically processed EDX analysis data of the GPRS68 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	2050
	Heavy liquid (l1)
	26.0(10.8
	12.2(8.9
	61.8(11.9
	Micro stratification

	
	Light liquid (l2)
	6.3(0.7
	3.2(0.4
	90.5(1.0
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Fig. 3.37 – The GPRS68 results 
(l1-l2 – tie-line related to the quenching temperature – 2050 (С
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Fig. 3.38 – Microphotographs of regions 1-3. GPRS69
Table 3.27–EDX data for regions 1-3

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	26.4
	7.5
	39.7
	26.5
	24.1
	7.7
	68.2
	Bulk composition

	
	mol.%
	3.3
	4.0
	42.7
	50.0
	6.7
	8.1
	85.2
	

	SQ2
	mass%
	21.1
	6.2
	44.6
	28.1
	18.8
	6.3
	74.9
	

	
	mol.%
	2.5
	3.2
	44.8
	49.5
	5.0
	6.3
	88.8
	

	SQ3
	mass%
	26.4
	6.7
	39.2
	27.7
	24.5
	7.1
	68.5
	

	
	mol.%
	3.3
	3.6
	41.6
	51.5
	6.8
	7.4
	85.8
	

	SQ4
	mass%
	62.2
	7.4
	16.7
	13.7
	61.0
	8.2
	30.8
	Inhomogeneous inclusions

	
	mol.%
	14.2
	7.2
	32.2
	46.4
	26.5
	13.4
	60.1
	

	SQ5
	mass%
	12.9
	4.7
	48.7
	33.6
	11.7
	4.9
	83.4
	Matrix

	
	mol.%
	1.4
	2.1
	43.6
	52.9
	2.9
	4.5
	92.6
	

	SQ6
	mass%
	75.2
	7.6
	6.9
	10.3
	77.7
	8.9
	13.4
	Inhomogeneous inclusions

	
	mol.%
	23.6
	10.1
	18.3
	48.0
	45.3
	19.5
	35.2
	

	SQ7
	mass%
	12.6
	5.4
	48.4
	33.6
	11.4
	5.6
	83.0
	Matrix

	
	mol.%
	1.3
	2.4
	43.4
	52.9
	2.8
	5.2
	92.0
	

	SQ8
	mass%
	52.1
	22.2
	13.0
	12.7
	51.1
	24.8
	24.1
	Inhomogeneous inclusions

	
	mol.%
	11.7
	21.2
	24.7
	42.3
	20.2
	36.8
	42.9
	

	SQ9
	mass%
	66.3
	11.8
	10.7
	11.2
	66.4
	13.4
	20.2
	

	
	mol.%
	17.8
	13.5
	24.2
	44.5
	32.0
	24.3
	43.7
	

	SQ10
	mass%
	36.3
	10.4
	33.7
	19.6
	32.5
	10.6
	56.9
	

	
	mol.%
	5.5
	6.7
	43.4
	44.3
	9.9
	12.1
	78.0
	

	SQ11
	mass%
	33.6
	11.3
	33.4
	21.8
	30.7
	11.7
	57.6
	

	
	mol.%
	4.9
	7.0
	41.0
	47.1
	9.2
	13.2
	77.6
	

	SQ12
	mass%
	18.8
	7.2
	43.5
	30.4
	17.3
	7.5
	75.2
	Matrix

	
	mol.%
	2.2
	3.5
	42.3
	52.0
	4.5
	7.4
	88.1
	

	SQ13
	mass%
	10.6
	4.4
	55.1
	30.0
	8.9
	4.1
	87.0
	

	
	mol.%
	1.1
	2.0
	49.6
	47.4
	2.1
	3.7
	94.1
	

	SQ14
	mass%
	56.5
	10.8
	16.9
	15.8
	56.1
	12.2
	31.7
	Inhomogeneous inclusions

	
	mol.%
	11.8
	9.6
	29.8
	48.8
	23.0
	18.8
	58.2
	

	SQ15
	mass%
	57.1
	22.2
	9.9
	10.8
	56.6
	25.0
	18.4
	Fine-grain structure in the droplet

	
	mol.%
	14.4
	23.9
	21.1
	40.6
	24.2
	40.3
	35.5
	

	SQ16
	mass%
	64.5
	13.3
	10.7
	11.6
	64.7
	15.1
	20.2
	Inhomogeneous inclusions - Fe

	
	mol.%
	16.8
	14.8
	23.6
	44.9
	30.5
	26.8
	42.7
	

	SQ17
	mass%
	14.3
	6.1
	47.6
	32.0
	12.9
	6.2
	80.9
	Matrix (with small droplets)

	
	mol.%
	1.6
	2.8
	43.9
	51.8
	3.2
	5.8
	91.0
	

	SQ18
	mass%
	11.9
	5.0
	61.9
	21.3
	8.9
	4.2
	86.9
	Matrix

	
	mol.%
	1.4
	2.4
	60.0
	36.2
	2.1
	3.8
	94.1
	

	SQ19
	mass%
	38.0
	15.0
	28.4
	18.6
	35.0
	15.7
	49.4
	Drops

	
	mol.%
	6.1
	10.3
	38.9
	44.7
	11.1
	18.7
	70.3
	

	SQ20
	mass%
	44.4
	15.3
	22.1
	18.2
	42.9
	16.8
	40.3
	

	
	mol.%
	7.8
	11.5
	33.0
	47.7
	15.0
	22.0
	63.1
	

	SQ21
	mass%
	48.2
	20.0
	18.6
	13.2
	45.6
	21.4
	33.1
	Inhomogeneous droplet

	
	mol.%
	9.9
	17.4
	32.2
	40.4
	16.6
	29.3
	54.1
	

	SQ22
	mass%
	8.1
	81.2
	6.2
	4.5
	7.2
	82.4
	10.4
	Iron droplets

	
	mol.%
	1.7
	73.0
	11.0
	14.3
	2.0
	85.2
	12.9
	

	SQ23
	mass%
	49.1
	14.3
	20.7
	16.0
	47.1
	15.6
	37.4
	Drop

	
	mol.%
	9.4
	11.7
	33.5
	45.4
	17.2
	21.4
	61.4
	

	SQ24
	mass%
	13.8
	5.5
	47.5
	33.3
	12.6
	5.7
	81.8
	Matrix

	
	mol.%
	1.5
	2.5
	43.1
	53.0
	3.1
	5.3
	91.6
	

	P1
	mass%
	-
	100
	-
	-
	-
	Fe

	
	mol.%
	-
	100
	-
	-
	
	

	P2
	mass%
	95.4
	-
	-
	4.6
	100
	-
	-
	UO2

	
	mol.%
	58.3
	-
	-
	41.7
	100
	-
	-
	

	P3
	mass%
	95.5
	-
	-
	4.5
	100
	-
	-
	

	
	mol.%
	58.8
	-
	-
	41.2
	100
	-
	-
	

	P4
	mass%
	-
	100
	-
	-
	-
	-
	-
	Fe

	
	mol.%
	-
	100
	-
	-
	-
	-
	-
	

	P5
	mass%
	-
	63.4
	17.2
	19.4
	-
	68.9
	31.1
	Fe2SiO4

	
	mol.%
	-
	38.4
	20.7
	40.9
	-
	64.9
	35.1
	

	P6
	mass%
	14.6
	5.2
	47.1
	33.1
	13.4
	5.4
	81.2
	SiO2

	
	mol.%
	1.6
	2.4
	43.0
	53.0
	3.4
	5.1
	91.6
	

	P7
	mass%
	62.6
	17.9
	8.5
	10.9
	63.3
	20.6
	16.1
	Fine-grain structure in the droplet

	
	mol.%
	16.8
	20.5
	19.2
	43.6
	29.7
	36.2
	34.1
	

	P8
	mass%
	18.5
	8.4
	44.5
	28.6
	16.6
	8.5
	74.9
	SiO2 inside the droplet

	
	mol.%
	2.2
	4.2
	44.0
	49.6
	4.3
	8.3
	87.4
	

	P9
	mass%
	12.9
	5.2
	48.6
	33.4
	11.7
	5.3
	83.0
	Matrix

	
	mol.%
	1.4
	2.3
	43.7
	52.6
	2.9
	4.9
	92.2
	


Table 3.28 – Statistically processed EDX analysis data of the GPRS69 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	1900
	Heavy liquid (l1)
	15.0(2.7
	22.8(4.5
	62.2(6.6
	Micro stratification

	
	Light liquid (l2)
	3.0(0.8
	5.2(1.3
	91.9(2.0
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Fig. 3.39 – The GPRS69 results 
(l1-l2 – tie-line related to the quenching temperature – 1900 (С
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Fig. 3.40 – Microphotographs of regions 1-6. GPRS70
Table 3.29–EDX data for regions 1-6

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	27.7
	6.9
	39.0
	26.4
	25.4
	7.2
	67.5
	Bulk composition

	
	mol.%
	3.5
	3.8
	42.4
	50.3
	7.1
	7.6
	85.3
	

	SQ2
	mass%
	15.2
	6.2
	45.2
	33.5
	14.1
	6.6
	79.3
	Matrix

	
	mol.%
	1.6
	2.9
	41.5
	54.0
	3.6
	6.2
	90.2
	

	SQ3
	mass%
	67.2
	8.1
	11.9
	12.9
	68.0
	9.3
	22.7
	Inhomogeneous inclusions

	
	mol.%
	17.0
	8.7
	25.6
	48.6
	33.2
	17.0
	49.9
	

	SQ4
	mass%
	33.6
	8.8
	33.6
	24.0
	31.4
	9.3
	59.2
	

	
	mol.%
	4.7
	5.3
	40.0
	50.0
	9.5
	10.6
	80.0
	

	SQ5
	mass%
	13.8
	3.7
	46.5
	36.0
	13.1
	4.0
	83.0
	Matrix

	
	mol.%
	1.4
	1.6
	41.1
	55.9
	3.3
	3.7
	93.0
	

	SQ6
	mass%
	25.4
	7.3
	39.5
	27.9
	23.5
	7.6
	68.9
	Bulk composition

	
	mol.%
	3.1
	3.8
	41.6
	51.4
	6.5
	7.9
	85.6
	

	SQ7
	mass%
	61.5
	9.5
	13.6
	15.4
	62.8
	11.0
	26.2
	Inhomogeneous inclusions

	
	mol.%
	13.8
	9.1
	25.9
	51.2
	28.3
	18.6
	53.1
	

	SQ8
	mass%
	15.7
	4.8
	58.6
	20.9
	11.9
	4.2
	83.9
	Matrix

	
	mol.%
	1.9
	2.4
	58.8
	36.9
	2.9
	3.9
	93.2
	

	SQ9
	mass%
	49.4
	15.4
	18.0
	17.1
	49.0
	17.3
	33.7
	Region without the UO2 crystals

	
	mol.%
	9.5
	12.5
	29.3
	48.8
	18.5
	24.5
	57.1
	

	P1
	mass%
	5.1
	47.3
	19.5
	28.1
	5.3
	56.2
	38.5
	Fe2SiO4

	
	mol.%
	0.6
	25.5
	20.9
	52.9
	1.4
	54.2
	44.4
	


Table 3.30 – Statistically processed EDX analysis data of the GPRS70 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	1950
	Heavy liquid (l1)
	22.4(10.5
	17.7(5.7
	60.0(13.6
	Micro stratification

	
	Light liquid (l2)
	3.3(0.4
	4.6(1.4
	92.1(1.7
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Fig. 3.41 – The GPRS70 results 
(l1-l2 – tie-line related to the quenching temperature – 1950 (С
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Fig. 3.42 – Microphotographs of region 1. GPRS71
Table 3.31–EDX data for region 1

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	13.3
	14.1
	42.0
	30.7
	12.2
	14.7
	73.0
	Bulk composition

	
	mol.%
	1.5
	6.8
	40.2
	51.5
	3.1
	14.0
	82.9
	

	SQ2
	mass%
	11.1
	14.6
	43.6
	30.6
	10.1
	15.1
	74.8
	

	
	mol.%
	1.2
	6.9
	41.1
	50.7
	2.5
	14.1
	83.4
	

	SQ3
	mass%
	13.9
	18.9
	42.9
	24.3
	11.9
	18.5
	69.6
	Composition of baked regions

	
	mol.%
	1.7
	9.8
	44.4
	44.1
	3.0
	17.6
	79.4
	

	SQ4
	mass%
	13.2
	20.0
	38.1
	28.6
	12.3
	21.1
	66.7
	

	
	mol.%
	1.6
	10.1
	38.1
	50.3
	3.1
	20.3
	76.6
	

	P1
	mass%
	94.9
	-
	-
	5.1
	100
	-
	-
	UO2

	
	mol.%
	55.6
	-
	-
	44.4
	100
	-
	-
	

	P2
	mass%
	43.7
	15.3
	21.5
	19.5
	43.0
	17.0
	40.0
	UO2 with the capture of surrounding phases

	
	mol.%
	7.5
	11.2
	31.4
	49.9
	15.0
	22.3
	62.7
	

	P3
	mass%
	-
	85.6
	7.3
	7.1
	-
	87.6
	12.5
	FeO

	
	mol.%
	-
	68.5
	11.6
	19.9
	-
	85.5
	14.5
	

	P4
	mass%
	-
	100
	-
	-
	-
	Fe

	
	mol.%
	-
	100
	-
	-
	
	

	P5
	mass%
	-
	0.8
	54.8
	44.4
	-
	0.9
	99.1
	SiO2

	
	mol.%
	-
	0.3
	41.1
	58.6
	-
	0.7
	99.3
	

	P6
	mass%
	-
	48.0
	30.7
	21.2
	-
	48.4
	51.6
	FeO with the capture of SiO2

	
	mol.%
	-
	26.2
	33.4
	40.4
	-
	44.0
	56.0
	

	SQ5
	mass%
	9.6
	9.2
	45.0
	36.1
	9.1
	10.0
	80.9
	Composition of baked regions

	
	mol.%
	1.0
	4.1
	39.4
	55.5
	2.2
	9.2
	88.6
	

	SQ6
	mass%
	12.1
	17.5
	48.0
	22.4
	9.9
	16.2
	73.9
	

	
	mol.%
	1.5
	9.0
	49.2
	40.3
	2.5
	15.1
	82.4
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Fig. 3.43 – The GPRS71 results
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Fig. 3.44 – Microphotographs of region 1. GPRS72
Table 3.32–EDX data for region 1

	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	24.6
	11.7
	33.5
	30.2
	24.4
	13.1
	62.5
	 Bulk composition

	
	mol.%
	3.0
	6.1
	35.1
	55.7
	6.9
	13.9
	79.3
	

	SQ2
	mass%
	30.7
	14.2
	28.9
	26.2
	30.4
	15.9
	53.8
	Composition of heavy liquid

	
	mol.%
	4.2
	8.3
	33.7
	53.7
	9.2
	18.0
	72.9
	

	SQ3
	mass%
	34.2
	15.8
	26.9
	23.1
	33.3
	17.4
	49.3
	

	
	mol.%
	5.1
	10.0
	33.9
	51.0
	10.4
	20.4
	69.2
	

	SQ4
	mass%
	31.7
	14.7
	28.0
	25.5
	31.3
	16.5
	52.2
	

	
	mol.%
	4.5
	8.8
	33.4
	53.3
	9.5
	18.9
	71.6
	

	SQ5
	mass%
	35.3
	14.4
	27.0
	23.3
	34.4
	15.9
	49.7
	

	
	mol.%
	5.2
	9.1
	34.1
	51.5
	10.8
	18.9
	70.3
	

	SQ6
	mass%
	15.4
	8.2
	43.9
	32.5
	14.3
	8.6
	77.1
	Composition of light liquid

	
	mol.%
	1.7
	3.9
	41.0
	53.4
	3.6
	8.3
	88.1
	

	SQ7
	mass%
	14.0
	6.5
	42.8
	36.7
	13.7
	7.3
	79.0
	

	
	mol.%
	1.5
	2.9
	38.1
	57.5
	3.5
	6.9
	89.7
	

	SQ8
	mass%
	11.4
	4.6
	45.3
	38.6
	11.2
	5.1
	83.7
	

	
	mol.%
	1.2
	2.0
	38.8
	58.0
	2.7
	4.7
	92.5
	

	SQ9
	mass%
	22.9
	11.5
	37.1
	28.5
	21.7
	12.3
	66.1
	Light liquid droplets

	
	mol.%
	2.8
	6.0
	38.8
	52.3
	5.9
	12.6
	81.4
	

	SQ10
	mass%
	32.1
	16.9
	24.4
	26.7
	33.0
	19.7
	47.3
	Composition of heavy liquid

	
	mol.%
	4.5
	10.2
	29.2
	56.1
	10.3
	23.2
	66.5
	

	SQ11
	mass%
	36.5
	14.6
	26.3
	22.6
	35.6
	16.1
	48.3
	

	
	mol.%
	5.5
	9.4
	33.9
	51.1
	11.3
	19.3
	69.3
	

	SQ12
	mass%
	16.2
	7.0
	45.9
	30.9
	14.6
	7.2
	78.2
	Light liquid droplets

	
	mol.%
	1.8
	3.3
	43.5
	51.4
	3.7
	6.9
	89.4
	

	SQ13
	mass%
	17.1
	6.9
	43.7
	32.3
	15.9
	7.3
	76.8
	

	
	mol.%
	1.9
	3.3
	41.3
	53.5
	4.1
	7.1
	88.8
	

	SQ14
	mass%
	14.7
	6.7
	45.1
	33.4
	13.7
	7.1
	79.2
	

	
	mol.%
	1.6
	3.1
	41.5
	53.9
	3.5
	6.7
	89.8
	

	SQ15
	mass%
	39.3
	15.1
	23.9
	21.8
	38.7
	16.8
	44.4
	Heavy liquid droplets

	
	mol.%
	6.2
	10.2
	32.1
	51.5
	12.8
	21.0
	66.2
	

	SQ16
	mass%
	41.2
	15.8
	21.6
	21.4
	41.3
	17.9
	40.7
	

	
	mol.%
	6.8
	11.0
	30.0
	52.3
	14.2
	23.1
	62.7
	

	SQ17
	mass%
	35.2
	15.2
	25.2
	24.4
	35.2
	17.2
	47.5
	

	
	mol.%
	5.2
	9.6
	31.6
	53.6
	11.2
	20.7
	68.1
	

	SQ18
	mass%
	33.9
	14.9
	26.7
	24.5
	33.5
	16.7
	49.8
	

	
	mol.%
	4.9
	9.2
	32.9
	53.0
	10.5
	19.6
	70.0
	

	SQ19
	mass%
	24.4
	23.2
	27.9
	24.5
	23.6
	25.5
	50.9
	

	
	mol.%
	3.4
	13.7
	32.6
	50.4
	6.8
	27.5
	65.7
	

	SQ20
	mass%
	15.4
	6.5
	44.1
	34.0
	14.6
	6.9
	78.5
	Matrix

	
	mol.%
	1.7
	3.0
	40.5
	54.9
	3.7
	6.6
	89.7
	

	SQ21
	mass%
	13.7
	5.4
	46.2
	34.7
	12.8
	5.7
	81.5
	

	
	mol.%
	1.5
	2.4
	41.5
	54.7
	3.2
	5.3
	91.5
	

	SQ22
	mass%
	46.9
	11.6
	20.4
	21.1
	47.6
	13.3
	39.1
	Heavy liquid droplets

	
	mol.%
	8.0
	8.5
	29.7
	53.8
	17.4
	18.3
	64.3
	

	SQ23
	mass%
	42.8
	10.8
	23.0
	23.4
	43.5
	12.5
	44.0
	

	
	mol.%
	6.8
	7.3
	30.8
	55.1
	15.1
	16.3
	68.6
	

	SQ24
	mass%
	52.8
	7.5
	17.3
	22.5
	56.3
	9.0
	34.7
	Heavy liquid droplets with UO2

	
	mol.%
	9.3
	5.6
	25.9
	59.1
	22.8
	13.8
	63.4
	

	SQ25
	mass%
	38.1
	10.2
	24.8
	26.9
	39.5
	12.0
	48.5
	Heavy liquid droplets without UO2

	
	mol.%
	5.5
	6.3
	30.3
	57.9
	13.1
	14.9
	72.0
	

	SQ26
	mass%
	13.0
	3.6
	50.9
	32.5
	11.5
	3.6
	84.9
	Matrix

	
	mol.%
	1.4
	1.6
	45.7
	51.2
	2.8
	3.4
	93.8
	

	SQ27
	mass%
	27.3
	12.9
	31.0
	28.8
	27.2
	14.5
	58.3
	Heavy liquid droplets

	
	mol.%
	3.5
	7.1
	34.0
	55.4
	7.9
	15.9
	76.2
	

	SQ28
	mass%
	10.8
	5.1
	45.2
	38.9
	10.6
	5.7
	83.7
	Matrix

	
	mol.%
	1.1
	2.2
	38.5
	58.2
	2.6
	5.2
	92.2
	

	SQ29
	mass%
	44.0
	13.5
	21.1
	21.4
	44.4
	15.5
	40.2
	Heavy liquid droplets

	
	mol.%
	7.3
	9.6
	29.8
	53.2
	15.7
	20.5
	63.8
	

	SQ30
	mass%
	44.1
	12.9
	21.3
	21.6
	44.5
	14.8
	40.6
	

	
	mol.%
	7.3
	9.2
	30.1
	53.4
	15.7
	19.7
	64.6
	

	SQ31
	mass%
	8.2
	4.4
	49.0
	38.3
	7.8
	4.8
	87.5
	Matrix

	
	mol.%
	0.8
	1.9
	41.0
	56.3
	1.9
	4.3
	93.9
	

	SQ32
	mass%
	32.2
	16.5
	25.2
	26.1
	32.8
	19.0
	48.2
	Heavy liquid droplets

	
	mol.%
	4.6
	10.0
	30.3
	55.1
	10.2
	22.2
	67.5
	

	SQ33
	mass%
	32.6
	15.3
	26.7
	25.4
	32.5
	17.3
	50.1
	

	
	mol.%
	4.6
	9.3
	32.2
	53.8
	10.1
	20.2
	69.8
	

	SQ34
	mass%
	12.5
	5.3
	44.5
	37.6
	12.2
	5.8
	81.9
	Matrix

	
	mol.%
	1.3
	2.3
	38.8
	57.6
	3.0
	5.5
	91.5
	

	SQ35
	mass%
	27.4
	29.1
	23.8
	19.7
	26.0
	31.4
	42.6
	Heavy liquid droplets with Fe

	
	mol.%
	4.2
	19.2
	31.2
	45.4
	7.7
	35.2
	57.1
	

	SQ36
	mass%
	35.0
	15.1
	25.1
	24.8
	35.2
	17.2
	47.5
	Heavy liquid droplets without Fe

	
	mol.%
	5.1
	9.4
	31.2
	54.2
	11.2
	20.6
	68.1
	

	SQ37
	mass%
	10.0
	4.7
	47.7
	37.6
	9.5
	5.0
	85.5
	Matrix

	
	mol.%
	1.0
	2.0
	40.7
	56.3
	2.3
	4.6
	93.1
	

	SQ38
	mass%
	26.7
	12.7
	32.5
	28.1
	26.1
	14.0
	59.9
	Heavy liquid droplets

	
	mol.%
	3.4
	7.0
	35.5
	54.0
	7.5
	15.2
	77.3
	

	SQ39
	mass%
	12.4
	5.8
	47.1
	34.7
	11.5
	6.1
	82.4
	Matrix

	
	mol.%
	1.3
	2.6
	41.9
	54.2
	2.8
	5.6
	91.5
	


Table 3.33 – Statistically processed EDX analysis data of the GPRS72 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	1950
	Heavy liquid (l1)
	10.0(0.8
	19.0(1.0
	71.0(1.6
	Macro stratification

	
	Light liquid (l2)
	3.5(0.1
	7.6(1.0
	88.9(1.1
	

	Tm
	Heavy liquid (l3)
	15.7(1.5
	20.5(5.6
	64.2(7.4
	Micro stratification

	
	Light liquid (l4)
	2.6(0.6
	4.5(0.9
	92.8(1.2
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Fig. 3.45 – The GPRS72 results (l1-l2 – tie-line related to the quenching temperature – 1950 (С, l3-l4 – tie-line related to the temperature close to the monotectics)
3.4.4. Fourth experimental series (GPRS79-81, 84)

Table 3.2 gives initial compositions and procedures for heating – cooling of the third experimental series. Objective of the fourth experimental series was to further specify the position of monotectic plane in the UO2–FeO–SiO2 system, construct the tie-lines in the miscibility gap in the system at a higher than monotectics temperature, and to overcome the threshold of coalescence, which was found in the second and third experimental series The compositions and time of isothermal exposition corresponded to the conditions of the second experimental series. But a distinctive peculiarity of the series is in the special temperature regime conditions. Before the isothermal exposition the system was superheated above the assumed miscibility gap, following this it was slowly cooled to the isothermal exposition temperature. It was assumed that such approach (from higher to lower or “top to bottom”) would prevent the coalescence and ensure an easier establishment of the system equilibrium.

Fig. 3.46 shows photos of the polished sections of the fourth series with locations chosen for the SEM/EDX studies.

Fig. 3.47 and Table 3.34 present the SEM/EDX studies of the GPRS79 axial crucible sections. The microstructure indicates the micro stratification in the system under these conditions (Fig. 3.47). At this the liquid fraction in the system is quite insignificant. In principle, the observed crystallization pattern can have a different origin – spinoidal decomposition of homogeneous liquid. This explanation is contradicted by the presence of light liquid; and it is confirmed by the composition of the heavy liquid. Compositions of the crystallized heterogeneous layers are given in Table 3.35 and are plotted on the phase diagram of the system (Fig. 3.48). It should be noted that due to the small amount of the light liquid during cooling its composition can be shifted to the side of monotectics (drops of heavy liquid formed during cooling are readily coagulated with the macrolayer of heavy liquid), and the composition of the bottom layer rather corresponds to the composition of spinoidal curve near the critical points of the miscibility gap, but not to the heavy liquid equilibrium composition. Therefore, at 2150(С the system was likely to be in the single-phase condition, and the two observed layers are not the result of equilibrium stratification at 2000(С (for the studied composition this temperature is below monotectics), they are the kinetic consequence of the system cooling.

Fig. 3.49 and Table 3.36 present the SEM/EDX studies of the GPRS80 axial crucible sections. GPRS80. The microstructure indicates the absence of microstratification in the system under these conditions (Fig. 3.49). Microstratification is observed, but the ameobous structure prevails in it, which indicates its non-equilibrium origin. Compositions of coexisting liquids are given in Table 3.37 and plotted on the phase diagram of the system (Fig. 3.50). Noteworthy is the anomalous UO2‑enriched composition of the heavy liquid. One of the possible explanations of the fact is that this composition of coexisting phases should be referred to the regions of metastable stratification at the temperature much below the monotectics. At the temperature before the quenching start the system was in the homogeneous condition, i.e. the annealing temperature (1800 (С) is likely to be below monotectics for this composition.

The GPRS81 experimental results are presented in Fig. 3.51 and Table 3.38. It can be noted that in spite of the small charge mass the polished section shows the micro stratification (regions 1-1-2, 2-1-1) and ameobous structures (regions 2-1, 2-4). This indicates the same peculiarities of the system cooling as in GPRS80. In view of this the results of this experiment bring an assumption that the measured light liquid composition is rather related to the temperature below 2000 (С, and the heavy liquid composition – to the metastable condition of the system below the monotectics temperature. And the monotectics temperature for this composition is above 1725 (С.

The GPRS84 experimental objective is to confirm the miscibility gap boundaries for the FeO-SiO2 system at monotectic temperature. Using the results presented in Fig. 3.53 and Table 3.40. It can be concluded that no stratification is observed on the polished section, and the composition of crystallized structure is close to the charge composition. Such result indicates that this structure has been produced by the crystallization of homogeneous melt. Therefore, for this experiment the temperature of 1700 (С is below the system monotectics.

In conclusion it can be noted that the fourth experimental series was the least informative. The “top to bottom” approach did not justify itself, the “bottom to top” annealing of quenched materials results in lower uncertainties and provides a clearer representation of processes taking place in the liquating systems, if the duration of annealing is correctly determined. It should be noted that poor performance of the fourth experimental series results only from the inefficient choice of temperature regimes in the experiments, and in general the application of this approach should not be rejected. Most advisable is the combination of two approaches.
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Fig. 3.46 -A polished section from GPRS79-81, 84 with regions marked for the SEM/EDX analysis
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Fig. 3.47 – Microphotographs of regions 1-2. GPRS79
Table 3.34–EDX data for regions 1-2
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	43.0
	3.5
	31.3
	22.2
	40.6
	3.7
	55.7
	Bulk composition

	
	mol.%
	6.6
	2.3
	40.6
	50.5
	13.3
	4.6
	82.1
	

	SQ2
	mass%
	48.4
	4.1
	27.9
	19.6
	45.8
	4.4
	49.7
	Heavy liquid

	
	mol.%
	8.2
	3.0
	39.8
	49.1
	16.0
	5.8
	78.2
	

	SQ3
	mass%
	48.4
	4.5
	27.8
	19.3
	45.7
	4.8
	49.5
	

	
	mol.%
	8.2
	3.2
	39.9
	48.7
	16.0
	6.3
	77.7
	

	SQ4
	mass%
	28.0
	2.1
	41.7
	28.2
	25.7
	2.1
	72.2
	Light liquid

	
	mol.%
	3.5
	1.1
	43.7
	51.8
	7.2
	2.3
	90.6
	

	SQ5
	mass%
	26.0
	1.9
	40.5
	31.6
	24.9
	2.1
	73.0
	

	
	mol.%
	3.1
	1.0
	40.5
	55.5
	6.9
	2.2
	90.9
	

	SQ6
	mass%
	24.5
	1.8
	43.4
	30.3
	22.6
	1.9
	75.5
	

	
	mol.%
	2.9
	0.9
	43.2
	53.0
	6.1
	1.9
	91.9
	

	SQ7
	mass%
	44.9
	4.1
	29.2
	21.9
	42.9
	4.5
	52.6
	Heavy liquid

	
	mol.%
	7.1
	2.8
	38.9
	51.3
	14.5
	5.7
	79.9
	

	SQ8
	mass%
	57.4
	5.7
	21.0
	15.9
	55.5
	6.3
	38.3
	UO2-enriched region

	
	mol.%
	11.6
	4.9
	35.9
	47.7
	22.1
	9.4
	68.5
	

	SQ9
	mass%
	38.7
	2.9
	34.0
	24.3
	36.4
	3.1
	60.4
	SiO2-enriched region

	
	mol.%
	5.5
	1.8
	41.1
	51.6
	11.4
	3.7
	84.9
	

	SQ10
	mass%
	43.0
	4.1
	30.1
	22.8
	41.2
	4.4
	54.4
	Heavy liquid

	
	mol.%
	6.6
	2.6
	39.0
	51.8
	13.6
	5.5
	80.9
	

	SQ11
	mass%
	42.5
	3.6
	30.7
	23.2
	40.7
	3.9
	55.5
	

	
	mol.%
	6.4
	2.3
	39.2
	52.1
	13.4
	4.8
	81.9
	

	SQ12
	mass%
	22.0
	2.5
	45.3
	30.2
	20.0
	2.5
	77.5
	Light liquid

	
	mol.%
	2.5
	1.2
	44.3
	52.0
	5.3
	2.5
	92.2
	

	SQ13
	mass%
	26.8
	1.9
	40.6
	30.6
	25.4
	2.0
	72.5
	

	
	mol.%
	3.2
	1.0
	41.2
	54.6
	7.1
	2.1
	90.8
	

	SQ14
	mass%
	25.5
	3.2
	40.3
	31.0
	24.2
	3.5
	72.2
	

	
	mol.%
	3.0
	1.6
	40.5
	54.8
	6.7
	3.6
	89.7
	

	SQ15
	mass%
	28.6
	2.3
	41.2
	27.9
	26.2
	2.4
	71.3
	

	
	mol.%
	3.6
	1.2
	43.5
	51.7
	7.4
	2.6
	90.1
	

	SQ16
	mass%
	42.7
	3.6
	31.3
	22.4
	40.3
	3.9
	55.8
	Heavy liquid

	
	mol.%
	6.5
	2.4
	40.5
	50.7
	13.2
	4.8
	82.0
	

	SQ17
	mass%
	46.8
	4.2
	30.1
	18.9
	43.2
	4.4
	52.3
	

	
	mol.%
	7.8
	3.0
	42.4
	46.8
	14.7
	5.6
	79.7
	

	SQ18
	mass%
	39.2
	4.2
	33.4
	23.1
	36.6
	4.5
	58.9
	

	
	mol.%
	5.7
	2.6
	41.4
	50.2
	11.5
	5.3
	83.2
	

	SQ19
	mass%
	45.5
	4.0
	32.2
	18.3
	41.0
	4.1
	54.8
	

	
	mol.%
	7.5
	2.8
	44.9
	44.8
	13.5
	5.1
	81.3
	

	SQ20
	mass%
	19.8
	4.3
	42.4
	33.5
	18.9
	4.7
	76.4
	light liquid droplets in the heavy one

	
	mol.%
	2.2
	2.1
	40.1
	55.7
	5.0
	4.6
	90.4
	

	P1
	mass%
	22.6
	2.8
	41.8
	32.9
	21.6
	3.0
	75.4
	Light liquid 

	
	mol.%
	2.6
	1.4
	40.4
	55.7
	5.8
	3.1
	91.1
	

	P2
	mass%
	17.0
	3.6
	47.0
	32.4
	15.5
	3.8
	80.7
	“Light – heavy” interface

	
	mol.%
	1.9
	1.7
	43.6
	52.8
	4.0
	3.6
	92.5
	

	P3
	mass%
	20.7
	4.3
	42.9
	32.1
	19.5
	4.6
	76.0
	SiO2-based phase

	
	mol.%
	2.4
	2.1
	41.4
	54.2
	5.1
	4.5
	90.3
	

	P4
	mass%
	94.5
	0.7
	0.2
	4.6
	98.7
	0.8
	0.5
	UO2 -based phase

	
	mol.%
	56.4
	1.7
	1.2
	40.7
	95.1
	2.9
	2.0
	

	P5
	mass%
	92.7
	0.7
	0.2
	6.3
	98.7
	0.9
	0.5
	

	
	mol.%
	48.4
	1.6
	1.0
	49.0
	94.9
	3.1
	2.0
	

	P6
	mass%
	5.9
	48.6
	18.1
	27.5
	6.2
	58.0
	35.8
	Mix phases

	
	mol.%
	0.8
	26.7
	19.7
	52.8
	1.6
	56.6
	41.8
	

	P7
	mass%
	18.2
	4.9
	46.3
	30.6
	16.3
	5.0
	78.6
	SiO2-based phase

	
	mol.%
	2.0
	2.4
	44.3
	51.3
	4.2
	4.9
	90.9
	

	P8
	mass%
	5.9
	50.0
	20.4
	23.7
	5.9
	56.1
	38.0
	Mix phases

	
	mol.%
	0.8
	28.7
	23.2
	47.3
	1.5
	54.4
	44.1
	


Table 3.35 – Statistically processed EDX analysis data of the GPRS79 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	2150
	Heavy layer (hl)
	14.7(1.3
	5.5(0.6
	79.8(1.9
	Macro stratification

	2000
	Light layer (ll)
	6.6(0.7
	2.4(0.6
	91.1(1.0
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Fig. 3.48 – The GPRS79 results
[image: image52.jpg]1-1-1-1-1 1-1-1-1-1-1 1=1-2 1-1-2-1 (SQ40)

1-1-2-1-1 (SQ41)

0O-K

2-3-1-1 (dot mapping)




Fig. 3.49 – Microphotographs of regions 1-2. GPRS80
Table 3.36–EDX data for regions 1-2
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	25.2
	5.6
	39.6
	29.6
	23.7
	6.0
	70.3
	Bulk composition

	
	mol.%
	3.0
	2.9
	40.7
	53.4
	6.5
	6.2
	87.2
	

	SQ2
	mass%
	21.4
	4.5
	40.6
	33.5
	20.8
	4.9
	74.3
	

	
	mol.%
	2.4
	2.2
	38.9
	56.5
	5.6
	5.0
	89.5
	

	SQ3
	mass%
	29.1
	6.3
	41.9
	22.7
	25.3
	6.2
	68.5
	

	
	mol.%
	3.9
	3.6
	47.4
	45.2
	7.1
	6.5
	86.4
	

	SQ4
	mass%
	22.7
	5.1
	43.0
	29.2
	20.7
	5.3
	74.0
	

	
	mol.%
	2.7
	2.6
	43.2
	51.5
	5.6
	5.3
	89.1
	

	SQ5
	mass%
	69.8
	6.7
	10.5
	13.0
	71.8
	7.8
	20.4
	Heavy homogeneous droplet

	
	mol.%
	18.4
	7.5
	23.4
	50.7
	37.3
	15.2
	47.6
	

	SQ6
	mass%
	70.1
	7.0
	8.9
	14.0
	74.0
	8.4
	17.6
	

	
	mol.%
	18.3
	7.8
	19.5
	54.4
	40.0
	17.1
	42.9
	

	SQ7
	mass%
	27.4
	52.3
	10.2
	10.1
	25.8
	56.0
	18.1
	Droplet with Fe

	
	mol.%
	5.6
	45.8
	17.7
	30.9
	8.1
	66.2
	25.6
	

	SQ8
	mass%
	27.7
	5.8
	38.2
	28.3
	26.0
	6.2
	67.8
	Inclusions of irregular shape

	
	mol.%
	3.5
	3.1
	40.6
	52.8
	7.3
	6.5
	86.1
	

	SQ9
	mass%
	48.0
	6.3
	28.1
	17.6
	44.4
	6.6
	49.0
	

	
	mol.%
	8.4
	4.7
	41.5
	45.5
	15.3
	8.6
	76.0
	

	SQ10
	mass%
	20.7
	2.9
	52.2
	24.2
	16.9
	2.7
	80.4
	Light matrix

	
	mol.%
	2.5
	1.5
	52.9
	43.1
	4.4
	2.6
	93.0
	

	SQ11
	mass%
	17.3
	3.3
	45.2
	34.2
	16.3
	3.5
	80.2
	

	
	mol.%
	1.9
	1.5
	41.4
	55.2
	4.2
	3.3
	92.5
	

	SQ12
	mass%
	15.9
	2.4
	46.2
	35.5
	15.0
	2.6
	82.4
	Bulk composition

	
	mol.%
	1.7
	1.1
	41.4
	55.8
	3.8
	2.4
	93.8
	

	SQ13
	mass%
	68.8
	6.3
	10.4
	14.5
	72.0
	7.5
	20.5
	Heavy homogeneous droplet

	
	mol.%
	17.2
	6.7
	22.0
	54.0
	37.5
	14.7
	47.8
	

	SQ14
	mass%
	70.0
	7.2
	8.2
	14.7
	74.9
	8.7
	16.4
	

	
	mol.%
	18.0
	7.9
	17.8
	56.3
	41.3
	18.0
	40.7
	

	SQ15
	mass%
	72.0
	6.6
	8.4
	13.0
	75.5
	7.9
	16.7
	

	
	mol.%
	19.7
	7.7
	19.6
	53.0
	42.0
	16.4
	41.6
	

	SQ16
	mass%
	16.4
	2.8
	46.1
	34.7
	15.4
	2.9
	81.7
	Light matrix

	
	mol.%
	1.7
	1.3
	41.8
	55.2
	3.9
	2.8
	93.3
	

	SQ17
	mass%
	18.6
	2.5
	57.3
	21.6
	14.4
	2.2
	83.4
	

	
	mol.%
	2.2
	1.3
	58.1
	38.4
	3.6
	2.1
	94.3
	

	SQ18
	mass%
	19.3
	2.8
	43.7
	34.2
	18.4
	3.0
	78.5
	

	
	mol.%
	2.1
	1.3
	40.7
	55.9
	4.8
	3.0
	92.2
	

	SQ19
	mass%
	21.0
	4.3
	42.3
	32.4
	19.8
	4.7
	75.5
	Region with homogeneous drops

	
	mol.%
	2.4
	2.1
	40.7
	54.8
	5.3
	4.6
	90.1
	

	SQ20
	mass%
	25.5
	5.2
	41.0
	28.3
	23.4
	5.4
	71.1
	Region with homogeneous drops and  with inhomogeneous inclusions

	
	mol.%
	3.1
	2.7
	42.6
	51.6
	6.4
	5.6
	87.9
	

	SQ21
	mass%
	29.8
	6.2
	38.4
	25.6
	27.3
	6.4
	66.3
	

	
	mol.%
	3.9
	3.5
	42.7
	50.0
	7.8
	6.9
	85.3
	

	SQ22
	mass%
	24.3
	5.8
	41.3
	28.6
	22.4
	6.0
	71.6
	Bulk composition

	
	mol.%
	3.0
	3.0
	42.4
	51.7
	6.1
	6.2
	87.7
	

	SQ23
	mass%
	22.6
	5.3
	39.4
	32.6
	22.0
	5.8
	72.2
	

	
	mol.%
	2.6
	2.6
	38.6
	56.1
	6.0
	6.0
	88.1
	

	SQ24
	mass%
	24.4
	5.9
	37.7
	32.0
	23.9
	6.5
	69.6
	

	
	mol.%
	2.9
	3.0
	37.9
	56.3
	6.6
	6.8
	86.6
	

	SQ25
	mass%
	53.3
	8.2
	22.6
	15.9
	50.7
	8.8
	40.5
	Inclusions of irregular shape

	
	mol.%
	10.3
	6.7
	37.1
	45.8
	19.1
	12.4
	68.5
	

	SQ26
	mass%
	45.0
	6.4
	21.2
	27.4
	48.8
	7.9
	43.3
	

	
	mol.%
	6.8
	4.2
	27.2
	61.8
	17.9
	10.9
	71.3
	

	SQ27
	mass%
	28.1
	5.5
	37.6
	28.8
	26.6
	6.0
	67.4
	

	
	mol.%
	3.5
	3.0
	39.9
	53.6
	7.6
	6.4
	86.1
	

	SQ28
	mass%
	30.6
	7.0
	39.1
	23.2
	27.2
	7.1
	65.7
	

	
	mol.%
	4.2
	4.1
	45.0
	46.8
	7.8
	7.6
	84.5
	

	SQ29
	mass%
	16.6
	3.3
	45.5
	34.6
	15.6
	3.5
	80.8
	Light matrix

	
	mol.%
	1.8
	1.5
	41.4
	55.3
	4.0
	3.4
	92.6
	

	SQ30
	mass%
	19.0
	3.0
	45.1
	32.9
	17.7
	3.2
	79.2
	

	
	mol.%
	2.1
	1.4
	42.4
	54.1
	4.6
	3.1
	92.3
	

	SQ31
	mass%
	17.3
	3.4
	43.4
	36.0
	16.8
	3.7
	79.5
	

	
	mol.%
	1.8
	1.5
	39.3
	57.3
	4.3
	3.6
	92.1
	

	SQ32
	mass%
	17.6
	3.7
	42.5
	36.1
	17.3
	4.1
	78.6
	

	
	mol.%
	1.9
	1.7
	38.7
	57.7
	4.5
	4.0
	91.5
	

	SQ33
	mass%
	16.8
	3.5
	44.6
	35.1
	16.1
	3.8
	80.2
	

	
	mol.%
	1.8
	1.6
	40.6
	56.0
	4.1
	3.7
	92.2
	

	SQ34
	mass%
	13.2
	4.3
	47.1
	35.4
	12.3
	4.6
	83.1
	

	
	mol.%
	1.4
	1.9
	41.7
	55.0
	3.1
	4.3
	92.7
	

	SQ35
	mass%
	60.6
	4.0
	20.1
	15.3
	58.8
	4.4
	36.8
	Heavy liquid on the crucible bottom

	
	mol.%
	12.7
	3.6
	35.9
	47.8
	24.4
	6.8
	68.8
	

	SQ36
	mass%
	62.7
	10.6
	14.6
	12.1
	61.3
	11.8
	26.9
	Inclusions of irregular shape

	
	mol.%
	15.2
	11.0
	30.0
	43.7
	27.1
	19.6
	53.3
	

	SQ37
	mass%
	60.5
	5.8
	17.8
	16.0
	60.1
	6.5
	33.3
	

	
	mol.%
	12.8
	5.2
	31.8
	50.2
	25.6
	10.5
	63.9
	

	SQ38
	mass%
	17.2
	3.4
	46.9
	32.6
	15.7
	3.5
	80.8
	Light matrix

	
	mol.%
	1.9
	1.6
	43.5
	53.1
	4.0
	3.3
	92.7
	

	SQ39
	mass%
	66.5
	6.9
	10.7
	15.9
	70.4
	8.3
	21.3
	Heavy droplet

	
	mol.%
	15.7
	7.0
	21.4
	56.0
	35.6
	15.8
	48.5
	

	SQ40
	mass%
	65.9
	6.5
	10.8
	16.8
	70.4
	7.9
	21.7
	Center of heavy droplet

	
	mol.%
	15.1
	6.4
	21.0
	57.5
	35.6
	15.0
	49.4
	

	SQ41
	mass%
	71.0
	6.5
	9.0
	13.4
	74.5
	7.8
	17.7
	Center without SiO2 crystals

	
	mol.%
	18.9
	7.4
	20.3
	53.4
	40.6
	16.0
	43.4
	

	SQ42
	mass%
	48.5
	4.7
	26.0
	20.7
	47.1
	5.2
	47.7
	Heavy droplet with periphery

	
	mol.%
	8.1
	3.4
	37.0
	51.5
	16.8
	7.0
	76.3
	

	SQ43
	mass%
	68.8
	7.9
	8.6
	14.7
	73.3
	9.6
	17.2
	Center of heavy droplet
↓
Heavy droplet with periphery

	
	mol.%
	17.5
	8.6
	18.4
	55.6
	39.3
	19.3
	41.4
	

	SQ44
	mass%
	69.6
	7.7
	8.6
	14.0
	73.6
	9.3
	17.1
	

	
	mol.%
	18.1
	8.6
	19.0
	54.3
	39.7
	18.8
	41.5
	

	SQ45
	mass%
	68.0
	6.7
	10.0
	15.3
	72.0
	8.0
	20.0
	

	
	mol.%
	16.7
	7.0
	20.8
	55.6
	37.5
	15.6
	46.9
	

	SQ46
	mass%
	44.0
	5.1
	30.8
	20.1
	40.8
	5.3
	53.9
	

	
	mol.%
	7.0
	3.5
	41.7
	47.8
	13.5
	6.6
	79.9
	

	SQ47
	mass%
	38.5
	44.1
	6.4
	10.9
	38.3
	49.7
	12.1
	Droplets with Fe

	
	mol.%
	8.7
	42.4
	12.3
	36.6
	13.7
	66.9
	19.4
	

	SQ48
	mass%
	33.7
	22.4
	25.4
	18.5
	31.5
	23.7
	44.7
	

	
	mol.%
	5.4
	15.4
	34.7
	44.5
	9.8
	27.7
	62.5
	

	SQ49
	mass%
	68.8
	9.0
	7.8
	14.5
	73.4
	10.9
	15.7
	Homogeneous structure of droplets

	
	mol.%
	17.7
	9.9
	17.0
	55.4
	39.7
	22.1
	38.2
	

	SQ50
	mass%
	67.4
	7.8
	9.3
	15.5
	71.9
	9.5
	18.6
	

	
	mol.%
	16.4
	8.1
	19.1
	56.3
	37.6
	18.6
	43.8
	

	P1
	mass%
	-
	98.6
	-
	1.4
	-
	Fe

	
	mol.%
	-
	95.3
	-
	4.7
	
	

	P2
	mass%
	94.3
	-
	-
	5.7
	100
	-
	-
	UO2

	
	mol.%
	52.7
	-
	-
	47.3
	100
	-
	-
	

	P3
	mass%
	7.9
	2.5
	50.8
	38.8
	7.4
	2.6
	89.9
	SiO2

	
	mol.%
	0.8
	1.0
	42.0
	56.2
	1.8
	2.3
	95.9
	

	P4
	mass%
	18.2
	4.4
	44.1
	33.3
	17.2
	4.7
	78.2
	Light matrix

	
	mol.%
	2.0
	2.1
	41.2
	54.7
	4.4
	4.6
	91.0
	

	P5
	mass%
	94.5
	-
	0.2
	5.3
	99.6
	-
	0.4
	UO2

	
	mol.%
	53.9
	-
	1.0
	45.1
	98.2
	-
	1.8
	

	P6
	mass%
	11.5
	5.9
	44.1
	38.4
	11.4
	6.6
	82.0
	SiO2

	
	mol.%
	1.2
	2.6
	38.0
	58.2
	2.8
	6.1
	91.0
	

	P7
	mass%
	20.1
	3.1
	44.6
	32.2
	18.6
	3.3
	78.1
	Light matrix

	
	mol.%
	2.3
	1.5
	42.4
	53.8
	4.9
	3.2
	91.9
	

	P8
	mass%
	70.0
	6.5
	8.6
	14.9
	74.9
	7.8
	17.3
	Homogeneous structure of droplets

	
	mol.%
	17.8
	7.0
	18.5
	56.6
	41.1
	16.2
	42.7
	

	P9
	mass%
	74.3
	4.8
	9.1
	11.8
	76.7
	5.6
	17.7
	Droplet periphery

	
	mol.%
	21.4
	5.9
	22.2
	50.5
	43.2
	11.9
	44.9
	

	P10
	mass%
	20.6
	3.0
	43.4
	33.0
	19.5
	3.2
	77.3
	Light matrix

	
	mol.%
	2.3
	1.4
	41.2
	55.0
	5.1
	3.2
	91.7
	

	P11
	mass%
	68.2
	8.7
	7.7
	15.5
	73.7
	10.6
	15.7
	Homogeneous structure of droplets

	
	mol.%
	17.0
	9.2
	16.3
	57.5
	40.0
	21.7
	38.2
	

	P12
	mass%
	1.5
	97.5
	-
	1.0
	-
	Fe

	
	mol.%
	0.3
	96.1
	-
	3.6
	
	

	P13
	mass%
	18.3
	3.1
	50.7
	28.0
	15.6
	3.0
	81.4
	Light matrix

	
	mol.%
	2.1
	1.5
	49.0
	47.4
	4.0
	2.9
	93.2
	

	P14
	mass%
	11.6
	2.1
	51.2
	35.1
	10.5
	2.1
	87.3
	Droplet periphery

	
	mol.%
	1.2
	0.9
	44.5
	53.4
	2.6
	1.9
	95.5
	

	P15
	mass%
	10.1
	3.3
	49.5
	37.1
	9.4
	3.5
	87.1
	SiO2

	
	mol.%
	1.0
	1.4
	42.1
	55.5
	2.3
	3.2
	94.5
	


Table 3.37 – Statistically processed EDX data of the GPRS80 characteristic regions (mol.%)
	T, (C
	Type
	UO2
	FeO
	SiO2
	Note

	<1800
	Heavy liquid (l1)
	39.0(2.0
	17.4(2.3
	43.6(3.6
	Micro stratification (metastable)

	
	Light liquid (l2)
	3.9(0.5
	3.1(0.7
	93.0(0.6
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Fig. 3.50 –GPRS80 results

(l1-l2 – tie-line related to the temperature below monotectics)
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Fig. 3.51 – Microphotographs of regions 1-2. GPRS81
Table 3.38–EDX data for regions 1-2
	#
	U
	Fe
	Si
	O
	UO2
	FeO
	SiO2
	Phase

	SQ1
	mass%
	21.0
	6.7
	38.3
	34.0
	20.8
	7.6
	71.6
	Bulk composition of homogeneous zones

	
	mol.%
	2.4
	3.3
	36.8
	57.5
	5.6
	7.7
	86.7
	

	SQ2
	mass%
	19.2
	5.6
	42.3
	32.9
	18.2
	6.0
	75.8
	

	
	mol.%
	2.2
	2.7
	40.3
	54.9
	4.8
	5.9
	89.3
	

	SQ3
	mass%
	21.0
	7.2
	33.5
	38.3
	22.8
	8.8
	68.4
	

	
	mol.%
	2.3
	3.4
	31.4
	62.9
	6.3
	9.1
	84.6
	

	SQ4
	mass%
	15.7
	7.4
	37.8
	39.1
	16.4
	8.8
	74.8
	

	
	mol.%
	1.6
	3.3
	33.8
	61.3
	4.3
	8.6
	87.2
	

	SQ5
	mass%
	34.1
	11.1
	21.2
	33.5
	39.3
	14.5
	46.2
	Bulk composition of zones with inclusions

	
	mol.%
	4.5
	6.2
	23.7
	65.6
	13.1
	18.1
	68.9
	

	SQ6
	mass%
	24.5
	6.4
	36.6
	32.5
	24.3
	7.3
	68.5
	Homogeneous structure of the zone

	
	mol.%
	2.9
	3.2
	36.6
	57.2
	6.8
	7.6
	85.6
	

	SQ7
	mass%
	18.1
	5.0
	42.7
	34.2
	17.3
	5.5
	77.2
	Bulk composition of zone with droplet

	
	mol.%
	2.0
	2.4
	39.8
	55.9
	4.5
	5.4
	90.1
	

	SQ8
	mass%
	20.1
	5.4
	42.3
	32.1
	19.0
	5.8
	75.2
	Bulk composition of zone without droplet

	
	mol.%
	2.3
	2.6
	40.8
	54.3
	5.0
	5.7
	89.2
	

	SQ9
	mass%
	24.8
	8.6
	36.3
	30.3
	24.1
	9.5
	66.4
	Bulk composition of zones

	
	mol.%
	3.0
	4.5
	37.5
	55.0
	6.7
	9.9
	83.3
	

	SQ10
	mass%
	18.8
	5.6
	42.4
	33.3
	17.9
	6.0
	76.1
	Homogeneous structure of the zone

	
	mol.%
	2.1
	2.7
	40.0
	55.2
	4.7
	5.9
	89.4
	

	SQ11
	mass%
	19.4
	6.8
	41.7
	32.1
	18.3
	7.3
	74.4
	

	
	mol.%
	2.2
	3.3
	40.2
	54.3
	4.8
	7.2
	88.0
	

	SQ12
	mass%
	6.5
	4.5
	50.5
	38.4
	6.1
	4.8
	89.1
	SiO2 enriched region

	
	mol.%
	0.6
	1.9
	41.8
	55.7
	1.4
	4.3
	94.3
	

	SQ13
	mass%
	41.3
	16.5
	18.6
	23.7
	43.4
	19.6
	36.9
	Regions with inhomogeneous inclusions

	
	mol.%
	6.6
	11.3
	25.4
	56.7
	15.3
	26.1
	58.6
	

	SQ14
	mass%
	39.3
	24.4
	16.4
	19.9
	40.2
	28.2
	31.6
	

	
	mol.%
	6.8
	18.0
	24.1
	51.1
	13.9
	36.8
	49.3
	

	SQ15
	mass%
	56.3
	8.5
	19.1
	16.1
	55.2
	9.4
	35.4
	

	
	mol.%
	11.4
	7.3
	32.8
	48.5
	22.1
	14.2
	63.7
	

	SQ16
	mass%
	18.7
	5.4
	42.4
	33.5
	17.8
	5.9
	76.3
	Bulk composition of homogeneous zones

	
	mol.%
	2.1
	2.6
	39.9
	55.5
	4.7
	5.8
	89.6
	

	SQ17
	mass%
	19.6
	5.8
	41.2
	33.4
	18.8
	6.3
	74.8
	

	
	mol.%
	2.2
	2.8
	39.2
	55.8
	5.0
	6.3
	88.8
	

	P1
	mass%
	-
	94.1
	-
	5.9
	-
	Fe

	
	mol.%
	-
	82.0
	-
	18.0
	
	

	P2
	mass%
	52.4
	16.6
	9.9
	21.1
	58.3
	20.9
	20.8
	Homogeneous structure of droplet

	
	mol.%
	10.1
	13.6
	16.1
	60.3
	25.3
	34.1
	40.6
	

	P3
	mass%
	21.9
	4.0
	42.5
	31.6
	20.6
	4.2
	75.2
	Droplet periphery

	
	mol.%
	2.5
	2.0
	41.5
	54.0
	5.5
	4.3
	90.3
	

	P4
	mass%
	16.6
	4.5
	44.3
	34.7
	15.8
	4.8
	79.4
	Light matrix

	
	mol.%
	1.8
	2.1
	40.5
	55.7
	4.0
	4.7
	91.3
	

	P5
	mass%
	20.9
	5.7
	47.0
	26.4
	18.0
	5.6
	76.4
	

	
	mol.%
	2.5
	2.9
	47.7
	46.9
	4.7
	5.5
	89.8
	


Table 3.39 – Statistically processed EDX analysis data of the GPRS81 characteristic regions (mol.%)
	T, ºC
	Type
	UO2
	FeO
	SiO2
	Note

	1725
	Heavy liquid (l1)
	17.9(5.4
	25.9(9.8
	56.2(11.3
	Micro stratification

	<2000
	Light liquid (l2)
	5.1(0.7
	7.2(1.4
	87.8(1.8
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Fig. 3.52 – The GPRS81 results
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Fig. 3.53 – Microphotographs of regions 1-2. GPRS84
Table 3.40–EDX data for regions 1-2
	#
	Fe
	Si
	O
	FeO
	SiO2
	Phase

	SQ1
	mass%
	16.7
	55.6
	27.7
	15.3
	84.7
	Bulk composition

	
	mol.%
	7.5
	49.4
	43.1
	13.1
	86.9
	

	SQ2
	mass%
	18.6
	41.3
	40.0
	21.3
	78.7
	

	
	mol.%
	7.8
	34.2
	58.1
	18.5
	81.5
	

	SQ3
	mass%
	20.4
	52.4
	27.2
	18.9
	81.1
	

	
	mol.%
	9.3
	47.5
	43.2
	16.4
	83.7
	

	P1
	mass%
	87.0
	2.7
	10.3
	95.1
	4.9
	Droplet from the FeO side

	
	mol.%
	67.8
	4.2
	28.0
	94.1
	5.9
	

	P2
	mass%
	15.9
	41.9
	42.2
	18.6
	81.4
	Light matrix

	
	mol.%
	6.5
	33.8
	59.7
	16.0
	84.0
	


4. Discussion of results
The method of annealing-quenching in the Galakhov microfurnace was used to study the UO2–FeO–SiO2 stratification region. The position of monotectic plane of the system was determined. Tie-lines in the miscibility gap were constructed. The produced data are summarized in Table 4.1. In the summary the data are structured in terms of the composition change from the UO2–SiO2 subsystem to the FeO–SiO2 subsystem, and from a lower to higher temperature.

Table 4.1 – Compositions and temperatures of the characteristic points in the  UO2–FeO–SiО2 miscibility region
	Test
	T, ºC
	Type
	UO2
	FeO
	SiO2
	Note

	GPRS68
	2050
	Heavy liquid
	26.0(10.8
	12.2(8.9
	61.8(11.9
	Micro stratification

	
	
	Light liquid
	6.3(0.7
	3.2(0.4
	90.5(1.0
	

	GPRS79
	2150
	Heavy layer
	14.7(1.3
	5.5(0.6
	79.8(1.9
	Macro stratification

	
	2000
	Light layer
	6.6(0.7
	2.4(0.6
	91.1(1.0
	

	GPRS34
	<Tm
	Maze (a)
	21.3(0.7
	10.0(0.3
	68.8(0.4
	Labyrinth microstructure

	GPRS67
	1950<Tm
	No MG features 
	9.3(1.1
	4.3(0.5
	86.2(1.6
	Under monotectics

	GPRS59-60
	1850<Tm
	No MG features 
	6.5(1.0
	3.9(0.3
	89.6(1.1
	Under monotectics

	GPRS80
	<1800
	Heavy liquid
	39.0(2.0
	17.4(2.3
	43.6(3.6
	Micro stratification (metastable)

	
	
	Light liquid
	3.9(0.5
	3.1(0.7
	93.0(0.6
	

	GPRS35
	<Tm<1950
	Heavy liquid
	20.1(8.6
	15.0(1.8
	64.9(6.8
	Micro stratification

	
	
	Light liquid
	3.3(0.5
	3.3(0.5
	93.5(1.0
	

	GPRS35
	1950
	Homogeneous
	12.2(0.5
	7.2(0.6
	80.5(0.6
	Above the miscibility gap

	GPRS70
	1950
	Heavy liquid 
	22.4(10.5
	17.7(5.7
	60.0(13.6
	Micro stratification

	
	
	Light liquid
	3.3(0.4
	4.6(1.4
	92.1(1.7
	

	GPRS62
	1850
	Heavy liquid 
	19.2(2.6
	22.1(11.7
	58.7(13.3
	Macro stratification

	
	
	Light liquid
	2.5(0.7
	5.3(1.2
	92.2(1.8
	

	GPRS69
	1900
	Heavy liquid 
	15.0(2.7
	22.8(4.5
	62.2(6.6
	Micro stratification

	
	
	Light liquid
	3.0(0.8
	5.2(1.3
	91.9(2.0
	

	GPRS81
	1725
	Heavy liquid 
	17.9(5.4
	25.9(9.8
	56.2(11.3
	Micro stratification

	
	<2000
	Light liquid
	5.1(0.7
	7.2(1.4
	87.8(1.8
	

	GPRS34
	1850
	Heavy liquid 
	11.8(1.2
	20.9(1.9
	67.3(1.7
	Macro stratification

	
	
	Light liquid
	4.0(0.3
	6.6(1.3
	89.4(1.6
	

	GPRS34
	Tm<1850
	Heavy liquid
	12.2(1.5
	23.4(3.6
	64.4(4.4
	Micro stratification

	
	
	Light liquid
	1.7(0.1
	2.8(0.3
	95.5(0.4
	

	GPRS72
	1950
	Heavy liquid 
	10.0(0.8
	19.0(1.0
	71.0(1.6
	Macro stratification

	
	
	Light liquid
	3.5(0.1
	7.6(1.0
	88.9(1.1
	

	GPRS72
	Tm<1750
	Heavy liquid
	15.7(1.5
	20.5(5.6
	64.2(7.4
	Micro stratification

	
	
	Light liquid
	2.6(0.6
	4.5(0.9
	92.8(1.2
	

	GPRS61
	1750<Tm
	No MG features 
	4.8(0.2
	8.7(0.1
	86.6(0.3
	Under monotectics

	GPRS64
	1850
	Heavy liquid
	13.0(1.2
	26.7(4.2
	60.3(4.8
	Micro stratification

	
	
	Light liquid
	2.9(0.5
	7.2(1.1
	90.0(1.4
	

	GPRS63
	1750
	Heavy liquid
	11.9(2.4
	34.7(3.4
	53.4(4.2
	Micro stratification

	
	
	Light liquid
	1.8(0.5
	6.6(1.4
	91.6(1.9
	

	GPRS33
	2100
	Homogeneous
	4.2
	21.6
	74.3
	Above the miscibility gap

	GPRS71
	1700<Tm
	No MG features 
	2.7(0.4
	15.0(3.7
	82.2(4.1
	Under monotectics

	GPRS84
	1700<Tm
	No MG features 
	-
	16.0(2.7
	84.0(2.7
	Under monotectics


Fig. 4.1 gives the summary of data produced for the UO2–FeO–SiО2 miscibility gap. It can be noted that the data have a considerable uncertainty, especially for the heavy liquid composition. The main reasons of uncertainty are as follows:

· the projected monotectics plane in the system: the monotectic temperature changes from 2080 (С on the UO2–SiО2 section to 1700 (С on the FeO–SiО2 section;

· in accordance with produced data the miscibility gap has a very small height – the maximum temperature difference from the monotectic to the critical point of the gap assumably does not exceed 150-200 (. I.e. even small temperature variations can substantially change the composition of coexisting liquid phases;

· presence of stoichiometric getter in the system;

· kinetic phenomena taking place at the crystallization of viscous siliceous liquid phases.
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Fig. 4.1 – Summary of the data on the studie UO2–FeO–SiО2 miscibility region
Fig. 4.2 shows schematics explaining the mechanism of cooling kinetics for the studied systems. This decomposition mechanism considerably complicates the interpretation of produced results even in case of two-component systems, not speaking about the three-component ones. The microstructure, which we observe, depends on the relaxation time of the decomposition, coagulation and coalescence processes, which take place in the coexisting liquid phases. These processes, in their turn, depend on such physicochemical parameters, as viscosity, density, surface energy of bodies and phases coexisting in the system.
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Fig. 4.2 – Spinoidal decomposition of coexisting liquid phases during the system cooling
Therefore, it is important to note that for a higher reliability of the determined miscibility gap boundaries it is of primary importance to specify the critical points and monotectic temperatures in the specific (partial) subsystems of the multicomponent systems.

In view of the above-mentioned peculiarities the most reliable are assumed to be the tie-lines constructed on the basis of measured macro stratification data (experiments GPRS34 and GPRS72).
5. Conclusions
1. The existence of extended liquid-phase stratification zone from the SiO2 side has been confirmed for the UO2–FeO–SiО2 system.
2. The position of monotectic plane in the miscibility gap has been determined with the approx. 100 (accuracy.
3. Twelve tie lines have been plotted in the miscibility gap; they cover a wide range of concentrations and temperatures.

4. It can be concluded that the study of three-component system in the region of liquid-phase stratification is by one order more complicated than the miscibility studies of the two-component systems, both in terms of the experimental planning and interpretation of results. Therefore, it is highly advisable to study such systems starting from the specification of partial subsystems.
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