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The ternary phase diagram La 2 O 3 -WO 3 -CaO is investigated with long-term thermodynamic equilibration approach followed by Rietveld refinement on X-ray diffraction data of the equilibrium phases. Three ternary compounds and a solid solution in the system are determined. In the area corresponding to the range 0 -70% of the molar percentage of WO 3 , thirteen zones which are in agreement with Gibbs' Phase Rule are determined from a thermodynamic point of view.

Introduction

The phase diagram is an important visualizer to present the possible compounds, their chemical compositions, their states and the state evolution with temperature or/and pressure in a thermodynamic system.

The Gibbs' Phase Rule is a general principle governing the "PVT" system, whose thermodynamic states are completely described by the variables: pressure (P), volume (V) and temperature (T), in the thermodynamic equilibrium. It is written as: F = C -N p + n, where F is the number of degrees of freedom, C is the number of components. The values of these two variables depend on the "PVT" system. N p is the number of phases and n is the number of independent intensive variables [1][2] . This rule assumes that the components do not react with each other. In a ternary system under normal atmospheric temperature and pressure (n = 0), the number of phases can be calculated by N p = C + n -F = 3 -F since the number of components C is 3. Hence, there exist three possibilities which are listed in Table 1 (white Part). As a special case, solid solution sometimes can be observed through the change of the cell volume, its expression method is represented in Table 1 (grey boxes). Table 1: Different possibilities of the components in a ternary thermodynamic equilibrium system.

The ternary phase diagram La 2 O 3 -WO 3 -CaO has been established by Smirnov et al. for the first time in 1987 [START_REF] Smirnov | [END_REF] (Figure 1). Three new compounds were reported in the research. The first is Ca 3 La 2 W 2 O 12 which has a rhombohedral Perovskite type structure with the molar composition CaO -50%, La 2 O 3 ~ 16.7% and WO 3 ~ 33.3%. The second is CaLa 9 W 4 O 26.5 having a tetragonal structure with the composition CaO ~ 10.5%mol, La 2 O 3 ~ 47.4%mol and WO 3 ~ 42.1%mol. The last compound, CaLa 4 (WO 4 ) 7 with the composition CaO ~ 8.3%mol, La 2 O 3 ~ 33.3%mol and WO 3 ~ 58.3%mol, was not discussed in detail in the report [START_REF] Smirnov | [END_REF] . These three compounds have attracted our attention, as our team has been working for decades on the research of fast ionic conductors based on lanthanum molybdate La 2 Mo 2 O 9 [START_REF] Lacorre | Designing fast oxide-ion conductors based on La 2 Mo 2 O 9[END_REF] and lanthanum tungstate La 2 W 2 O 9 [START_REF] Marrero-Lopez | Phase stability and ionic conductivity in substituted La 2 W 2 O 9[END_REF] . These two compounds both have excellent ionic conductivity at high temperatures and are considered as some of the most promising solid electrolyte materials for SOFC (Solid Oxide Fuel Cell).

However, their conductivities sharply decrease at medium and low temperatures due to phase transition [START_REF] Goutenoire | Crystal structure of La 2 Mo 2 O 9 , a new fast oxide-ion conductor[END_REF][7][8] [START_REF] Yoshimura | High temperature phase relation in the system La 2 O 3 -WO 3[END_REF] . We attempt to create enough vacancies in the crystal structure by substituting La 3+ and/or Mo 6+( W 6+ ) with other cations, to form 3D pathways facilitating the transport of O 2-/H + and improve ionic conductivity and stability of the material. The substitution of La 3+ and/or W 6+ with Ca 2+ leads to the exploration of the ternary phase diagram La 2 O 3 -WO 3 -CaO.

In this work, we investigated in detail most areas of this phase diagram and updated the information about these three compounds base on more accurate data and analysis. A solid solution and thirteen zones were determined by qualitative and quantitative analysis with Rietveld refinement on the powder X-ray diffraction data. 2) [10] and gradually developed by the team of Yoshimura, of Casteels, and of Yanovskii in 1976, 1980 and 1983, respectively [11][12][13] [13]. In 2009, a systematic study of this diagram has been realized by M. H. Chambrier [START_REF] Chambrier | Analyse structurale au sein du diagramme de phase La 2 O 3 -WO 3 et exploration des propriétés de conduction ionique[END_REF] . The possible compounds are listed in Table 2. 1968) [10] .

Source: Phase Equilibria Diagrams Database (ACerS -NIST) [START_REF] Chambrier | Structure determination of α-La 6 W 2 O 15[END_REF] β-monoclinic (a ≈ 15.653 Å, b ≈ 11.763 Å, c ≈ 7.830 Å and β ≈ 108.65°) [START_REF] Chambrier | Analyse structurale au sein du diagramme de phase La 2 O 3 -WO 3 et exploration des propriétés de conduction ionique[END_REF] γ-monoclinic (a = 15. 

°C

β-monoclinic (a ≈ 15.653 Ǻ, b ≈ 11.763 Ǻ, c ≈ 7.830 Ǻ and β ≈ 108.65°) [START_REF] Chambrier | Analyse structurale au sein du diagramme de phase La 2 O 3 -WO 3 et exploration des propriétés de conduction ionique[END_REF] 630 °C γ-monoclinic (a = 15.7 Ǻ, b = 12.1 Ǻ, c = 15.7 Ǻ and β = 110°) [START_REF] Kodjikian | European Microscopy Congress[END_REF] La2WO6 6), F -4 3 m, Z = 4)] [START_REF] Chambrier | La 10 W 2 O 21 : An Anion-Deficient Fluorite-Related Superstructure with Oxide Ion Conduction[END_REF] La 6), F -4 3 m, Z = 4)] [START_REF] Chambrier | La 10 W 2 O 21 : An Anion-Deficient Fluorite-Related Superstructure with Oxide Ion Conduction[END_REF] La 6), F -4 3 m, Z = 4)] [START_REF] Chambrier | La 10 W 2 O 21 : An Anion-Deficient Fluorite-Related Superstructure with Oxide Ion Conduction[END_REF] La 1025 °C

The binary phase diagram CaO -WO 3

The binary phase diagram WO 3 -CaO was reported by Chang et al. in 1966 [START_REF] Chang | Alkaline-Earth Tungstates: Equilibrium and Stability in the M-W-O Systems[END_REF] (Figure 3). In 1972, Tokunov et al. have improved the diagram [START_REF] Tokunov | System MeO-WO 3 where Me = Ca, Sr or Ba[END_REF] . According to their results, there are two phases of Ca 3 WO 6 and CaWO 4 .

The former crystallizes in the space group P2 1 /n with the monoclinic parameters a = 5.5518 (3) Å, b = 5.8100(3)

Å, c = 8.0066(4) Å and β = 89.808(1) [START_REF] Day | Structures of ordered tungsten-or molybdenum-containing quaternary perovskite oxides[END_REF] . The latter has Scheelite-type structure, with space group I4 1 /a, Z = 4, and the cell parameters: a = 5.243(2) Å, c = 11.376(3) Å [START_REF] Sleight | Accurate cell dimensions for ABO 4 molybdates and tungstates[END_REF] . 1966) [START_REF] Chang | Alkaline-Earth Tungstates: Equilibrium and Stability in the M-W-O Systems[END_REF] .

Source: Phase Equilibria Diagrams Database (ACerS -NIST)

The binary phase diagram La 2 O 3 -CaO

In 1965, Burry realized a preliminary study of the La 2 O 3 -CaO binary phase diagram in his doctoral thesis [START_REF] Barry | Kinetics, phase equilibria, and crystal chemical studies in rare earth oxide-alkaline earth oxide systems[END_REF] and reported a year later [START_REF] Barry | Phase Equilibria in the System CaO-Yb 2 O 3[END_REF] . In 1972, Lopato et al. established a more accurate diagram (Figure 4) [31] , but did not find new phase in the binary system. [31] [33].

Source: Phase Equilibria Diagrams Database (ACerS -NIST)

Experimental section

Exploring the ternary diagram

As a strategy of this work, a skeleton of 45 compositions was defined in the ternary diagram as shown in 

Synthesis

The compound was synthesized with three starting compounds La 2 O 3 , WO 3 and CaCO 3 by conventional solid state ceramic route. Prior to use, La 2 O 3 was dried and decarbonated at 1000°C overnight. The different materials were weighted in stoichiometric proportions, and ground together with ethanol as dispersant in an agate mortar. The dry mixed powder was heated at different temperatures with different durations in an alumina crucible with many intermediate grindings until thermodynamic equilibrium. The detailed process is the following: at the beginning of the exploration, we selected about ten uniformly distributed points in the phase diagram for the synthesis. Each sample obtained was analyzed by using "search & match" implemented in HighscorePlus [START_REF] Degen | The HighScore suite[END_REF] for phase identification. If all phases are known, we can realize Rietveld refinement. In the case where we observe unknown phases, we must narrow down or even lock the areas where pure phase may occur based on the results in the previous step. Then we conducted a large amount of synthesis at the points located in the locked area to obtain almost pure phase. If the X-ray diffraction pattern does not change after the sample is sintered at a higher temperature or for a longer duration, this means that the system has reached thermodynamic equilibrium.

The room temperature X-ray powder diffraction data was collected on a Bragg-Brentano geometry diffractometer (MPD-PRO Panalytical) from 5° to 110° (2) with a step of 0.017° for about 2 hours with a cobalt radiation (λ = 1.7903 Å). We can build a preliminary structural model based on the high-quality X-ray diffraction data. But it is necessary to collect other data (electron, neutron, synchrotron diffraction) in order to determine the atomic position, etc. In view of the aim of this work to re-establish the ternary phase diagram, we report only the quantitative analysis using Rietveld refinement in this paper.

Results and discussion

Cluster analysis

The cluster analysis was performed by using PCA (Parameters Cluster Analysis) implemented in the software HighScorePlus [32] . This program automatically classify all data into twelve categories by comparison of the peak positions, profiles and peak intensities, etc. (The global result of PCA and the different clusters are presented in supplementary information). This result is almost identical to that of Rietveld refinement.

Determination of new compounds

Three new compounds have been determined. The first is Ca 2.06 La 2.61 □ 0.33 W 2 O 12 (□ indicates a vacancy) which has been reported by Q. Ye et al. [START_REF] Ye | Cation-deficient Ca-doping lanthanum tungstate Ca 2[END_REF] . This compound belongs to a rare small crystallographic family It crystallizes in the space group I-4 [START_REF] Ye | Scheelite-Related Superstructure and Transport Property of La 28 Ca 2 W 12 O 79[END_REF] . The last is located at the point "S" in the ternary phase diagram with the composition 30%mol.La 2 O 3 -40%mol.WO 3 -30%mol.CaO, hence, the chemical formula being Ca 3 La 6 W 4 O 24 . This phase has an orthorhombic cell with the cell parameters a = 18.715(1) Å, b = 5.540(1) Å, c = 10.048(1) Å. It crystallizes in the space group Pn2 1 a [START_REF] Ye | A new lanthanum tungstate Ca 3 La 6 W 4 O 24 : Structure and transport property study[END_REF] .

Rietveld refinement

Rietveld refinement was carried out using HighScorePlus [START_REF] Degen | The HighScore suite[END_REF] on all X-ray diffraction data in order to archive the result of the qualitative and quantitative analysis. The refinement parameters usually involve the appropriate atomic coordinates, temperature factors, cell parameters, specimen displacement, peak shape, background parameters and correction roughness for the Bragg-Brentano geometry [START_REF] Pitschke | Incorporation of micro-absorption correction into Rietveld analysis[END_REF] . The detailed analysis of the refinement revealed thirteen different composition zones, labeled 1 to 13. The corresponding phases, their weight percentage and the R-factor [START_REF] De Wolf | A simplified criterion for the reliability of a powder pattern indexing[END_REF] are summarized in Table 3 and Table 4.

It should be noted that the zone 14 is not explored and the data of the zones 6, 9 and 13 are missing due to the narrowness. The gray areas of the zones 5 and 11 have only two phases due to the slow kinetic and thermodynamic processes of the compound Ca 2.06 La 2.61 □ 0.33 W 2 O 12 [START_REF] Ye | Cation-deficient Ca-doping lanthanum tungstate Ca 2[END_REF] and Ca 

Solid solution

During the Rietveld refinement we observed a significant variation of the cell volume of the phase Ca 2.06 La 2.61 □ 0.33 W 2 O 12 (~ 100 Å 3 ), which implies that there exist a solid solution of this compound. The comparison of the cell volume of Ca 2.06 La 2.61 □ 0.33 W 2 O 12 for some chosen compositions is shown in Table 5. The formula of the solid solution is expressed as Ca (3-x) La (2+⅔x) □ (⅓x) W 2 O 12 because there is a significant variation of the occupancy in the site A (mixed site of Ca/La) while the occupancy of the sites B (W) and X (O) is always fixed to 100% [START_REF] Ye | Cation-deficient Ca-doping lanthanum tungstate Ca 2[END_REF] . 

Establishment of the ternary phase diagram

According to the result of the Rietveld refinements and solid solution analysis, the ternary phase diagram is established as shown in Figure 6. 

Conclusion

The ternary phase diagram of the area corresponding to the range 0 -70% of the molar percentage of WO 3 has been established. By using qualitative and quantitative analysis with Rietveld refinement, thirteen different zones which are in agreement with Gibbs' Phase Rule and a solid solution have been determined.

The following four points should be noted:

1) Compared to Smirnov's report, the solid solution Ca (3-x) La (2+⅔x) □ (⅓x) W 2 O 12 (not mentioned in the Acer-Nist database) has been observed [START_REF] Ye | Cation-deficient Ca-doping lanthanum tungstate Ca 2[END_REF] . For the other two compounds, there are significant differences in their compositions (Table 6). 
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 1 Figure 1: The ternary phase diagram La 2 O 3 -WO 3 -CaO established by Smirnov et al. in 1987 [3] . Source: Phase Equilibria Diagrams Database (ACerS -NIST)
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 2 Figure 2: The binary phase diagram La 2 O 3 -WO 3 established by Rode et al. (1968)[10] .
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  (a = 15.7 Ǻ, b = 12.1 Ǻ, c = 15.7 Ǻ and β = 110°)[START_REF] Kodjikian | European Microscopy Congress[END_REF] La 2WO 6 50 50 α-orthorhombic [a = 16.5513(1) Ǻ, b = 5.52003 (3) Ǻ, c = 8.88326(3) Ǻ, P m 2 1 n, Z = 6] [19] 1440 °C β-orthorhombic [a = 7.5196(1) Ǻ, b = 10.3476(1) Ǻ, c = 12.7944( 2) Ǻ, = 7.2489(1) Å, b = 7.2878(1) Å, c = 7.0435(1) Å and α = 96.367(1)°β = 94.715(1)°, γ = 70.286(1)°, P -1, Z = 2] 3.923 Ǻ, b = 36.466 Ǻ, c = 22.006 Ǻ, Z = 2) [17] La 0.14 WO 3 6.5 93.5 Cubic [a = 3.833(1), P m -3 m, Z = 1] [

  6 W 2 O 15 60 40 α-orthorhombic [a = 12.6250(2) Ǻ, b = 9.1875(1) Ǻ, c = 5.9688(1) Ǻ, C 2 2 2 1 , Z = 2)][START_REF] Chambrier | Structure determination of α-La 6 W 2 O 15[END_REF] 930 °C630 °Cγ-monoclinic (a = 15.7 Ǻ, b = 12.1 Ǻ, c = 15.7 Ǻ and β = 110°)[START_REF] Kodjikian | European Microscopy Congress[END_REF] La 2 WO 6 50 50 α-orthorhombic [a = 16.5513(1) Ǻ, b = 5.52003 (3) Ǻ, c = 8.88326(3) Ǻ, P m 2 1 n, Z = 6] [19] 1440 °C β-orthorhombic [a = 7.5196(1) Ǻ, b = 10.3476(1) Ǻ, c = 12.7944( 2) Ǻ, = 9.0448(1) Ǻ, c = 32.6846(3) Ǻ, P -6 2 c, Z = 2] = 7.2489(1) Å, b = 7.2878(1) Å, c = 7.0435(1) Å and α = 96.367(1)°β = 94.715(1)°, γ = 70.286(1)°, P -1, Z = 2] [22] La 2 W 3 O 12 25 75 Unknown 1025 °C Monoclinic [a = 7.873(2) Å, b = 11.841(2) Å, c = 11.654(2) Å and β = 109.25(3)°, C c/2, Z = 4] [23] La 4 W 9 O 33 18.2 81.8 Orthorhombic (a = 3.923 Ǻ, b = 36.466 Ǻ, c = 22.006 Ǻ, Z = 2)[START_REF] Chambrier | Structure determination of α-La 6 W 2 O 15[END_REF] La 0.14 WO 3 6.5 93.5 Cubic [a = 3.833(1), P m -3 m, Z = 1][START_REF] Wiseman | Neutron diffraction studies of tungsten bronzes[END_REF] 

  6 W 2 O 15 60 40 α-orthorhombic [a = 12.6250(2) Ǻ, b = 9.1875(1) Ǻ, c = 5.9688(1) Ǻ, C 2 2 2 1 , Z = 2)][START_REF] Chambrier | Structure determination of α-La 6 W 2 O 15[END_REF] (a = 15.7 Ǻ, b = 12.1 Ǻ, c = 15.7 Ǻ and β = 110°)[START_REF] Kodjikian | European Microscopy Congress[END_REF] La 2 WO 6 50 50 α-orthorhombic [a = 16.5513(1) Ǻ, b = 5.52003 (3) Ǻ, c = 8.88326(3) Ǻ, P m 2 1 n, Z = 6] [19] 1440 °C β-orthorhombic [a = 7.5196(1) Ǻ, b = 10.3476(1) Ǻ, c = 12.7944( 2) Ǻ, P 2 1 2 1 2 1 , Z = 8] [20] La 18 W 10 O 57 47.4 52.6 Hexagonal [a = 9.0448(1) Ǻ, c = 32.6846(3) Ǻ, P -6 2 c, Z = 2] [21] La 2 W 2 O 9 33.3 66.7 Cubic [a = 7.304(2) Ǻ] [11] 1070 °C Triclinic [a = 7.2489(1) Å, b = 7.2878(1) Å, c = 7.0435(1) Å and α = 96.367(1)°β = 94.715(1)°, γ = 70.286(1)°, P -1, Z = 2] [22] = 7.873(2) Å, b = 11.841(2) Å, c = 11.654(2) Å and β = 109.25(3)°, C c/2, Z = 4][START_REF] Gärtner | Synthesis, structure and reactivity of novel lanthanum tungstates[END_REF] 

  (a = 15.7 Ǻ, b = 12.1 Ǻ, c = 15.7 Ǻ and β = 110°)[START_REF] Kodjikian | European Microscopy Congress[END_REF] La 2WO 6 50 50 α-orthorhombic [a = 16.5513(1) Ǻ, b = 5.52003 (3) Ǻ, c = 8.88326(3) Ǻ, P m 2 1 n, Z = 6] [19] 1440 °C β-orthorhombic [a = 7.5196(1) Ǻ, b = 10.3476(1) Ǻ, c = 12.7944( 2) Ǻ, P 2 1 2 1 2 1 , Z = 8] [20] = 7.2489(1) Å, b = 7.2878(1) Å, c = 7.0435(1) Å and α = 96.367(1)°β = 94.715(1)°, γ = 70.286(1)°, P -1, Z = 2][START_REF] Laligant | Ab-initio structure determination of Lanthanum Cyclo-tetratungstate α-La 2 W 2 O 9 from X-ray and neutron powder diffraction[END_REF] 
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 3 Figure 3: The binary phase diagram CaO -WO 3 established by Chang et al. (1966)[START_REF] Chang | Alkaline-Earth Tungstates: Equilibrium and Stability in the M-W-O Systems[END_REF] .
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 4 Figure 4: The binary phase diagram La 2 O 3 -CaO established by Lapato et al. in 1972
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 55 Figure 5. They are labeled using alphabetic order from A to Z, from AA to AJ and A' to I'. The points inside the triangle are labeled as the inset in Figure 5. The molar composition of each point can be directly read from the equilateral triangle. For example, we make three straight lines parallel to the three edges of the equilateral triangle from point X, and the intersections of the straight lines with the three edges of the triangle give the values of the three components: La 2 O 3 : 30 mol.%, WO 3 : 30 mol.% and CaO: 40 mol.%.
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 5 Figure 5: Skeleton of the labeled points from A to Z, AA to AJ and A' to I'. The inset is a zoom around the point X.

A 5 B 2 X 12 (

 5212 Space group: R-3C) having a large hexagonal cell with a = 9.7747(1) Å, c = 55.7833(4) Å and Z = 18. The second compound La 28 CaW 12 O 79 has a tetragonal Scheelite-related superstructure with the cell parameters a = 12.77314(2) Å, c = 11.41184(2) Å.

Figure 6 :

 6 Figure 6: The ternary phase diagram La 2 O 3 -WO 3 -CaO showing the synthesized points (purple) with 13 identified zones (1 -13 and an un-explored zone (14 -blue). The bold black line represent the solid solution Ca (3-x) La (2+⅔x) □ (⅓x) W 2 O 12 . The inset is a zoom around the solid solution.

Table 2 :

 2 The possible compounds located on the binary phase diagram La 2 O 3 -WO 3 .The arrows represent phase transitions.
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	0			20		40	60		80	100
	W O 3				Mol %			L a 2 O 3
	Compound	Composition (mol%) La2O3 WO3			Crystal structure
	La6WO12	75	25	1. Cubic (a = 11.2 Ǻ) 2. Instable below 1740 °C (decompose into La10W2O21 and La2O3) [11][15] .
	La10W2O21	71.4	28.6	Cubic [a = 11.17932(6), F -4 3 m, Z = 4)] [16]

* indicates that the valence of "W" is not "+6".

  Instable below 1740 °C (decompose into La 10 W 2 O 21 and La 2 O 3 )[11][15] .

	Compound	Composition (mol%) La 2 O 3 WO 3	Crystal structure
	1070 1. Cubic (a = 11.2 Ǻ) °C 2. La 10 W 2 O 21 La 6 WO 12 75 25 71.4 28.6 Cubic [a = 11.17932(6), F -4 3 m, Z = 4)] [16]

  3 La 6 W 4 O 24 , respectively. Regarding the zone 8, the presence of La 6 W 2 O 15 at the point DE' and of Ca 3 La 2 W 2 O 12 at the points DE and LDE is unexpected, while the expected phase Ca 3 La 6 W 4 O 24 is absent.

	Zone i	Sample		Phase and weight percentage (% 0.1)		Rp (% 0.01)	Rwp (% 0.01)
			La2O3 (Hex)	CaO	Ca3WO6		
		AA	64.9	10.1	25.0		5.66	8.14
	1	AH	41.9	23.9	34.1		4.85	6.59
		AJ	25.9	32.8	41.3		4.89	6.45
			La2O3 (Hex)	La10W2O21	Ca3WO6	La(OH)3 *	
		A	26.2	58.5	13.4	1.9	9.82	17.34
		J	16.3	65.3	18.3		5.37	8.09
	2	Q	20.1	51.2	28.7		5.36	8.24
		W	27.5	36.1	36.4		5.79	8.50
		AB	39.5	15.2	45.3		5.34	8.31
		AB-AF	33.5	3.3	63.2		5.38	8.73
	3	AB-AC-X	Ca3La2W2O12 23.4	La10W2O21 46.7	Ca3WO6 29.8		5.91	9.27
	4	AG	Ca3La2W2O12 69.1	CaWO4 5.0	Ca3WO6 25.9		5.97	8.91
			Ca3La2W2O12	La10W2O21	La6W2O15		
		R	20.3	47.7	32.0		6.71	10.06
	5	C		56.6	43.4		5.17	7.60
		CD		25.8	74.2		5.73	8.06
		CDK		39.4	60.6		5.19	7.59
	7	D	Ca3La2W2O12 6.7	La28CaW12O79 90.1	La6W2O15 3.2		7.75	10.42
			La2WO6-LT	La28CaW12O79	La6W2O15		
		DE'	8.2	7.1	84.7		6.46	9.76
	8		La2WO6-LT	La28CaW12O79	Ca3La2W2O12		
		DE	48.3	38.2	13.5		6.46	8.07
		LDE	26.2	61.0	12.9		6.92	10.71
	10	S-Y	Ca3La2W2O12 64.0	CaWO4 22.4	Ca3La6W4O24 13.7		4.86	7.01
			CaWO4	La18W10O57	Ca3La6W4O24		
		SM	26.8	54.8	18.3		7.48	12.13
		LM	7.0	53.1	39.9		9.36	14.56
	11	Z	77.1	22.9			6.82	10.1
		T	52.1	47.9			8.48	13.00
		E	8.9	91.1			7.34	10.88
			CaWO4	La18W10O57	La2W2O9-tri		
	12	F	4.2	5.8	90.0		4.98	6.95
		MF	17.8	30.7	51.5		4.83	6.78

Table 3 :

 3 Identified phases and their weight fractions of synthesized samples in different zones. The points in the grey boxes have only two phases. The phases in red in the zone 8 are not the expected phase Ca 3 La 6 W 4 O 24 . * means that this phase is generated by water absorption of La 2 O 3 . The formula Ca 3 La 2 W 2 O 12 is the simplification of Ca 2.06 La 2.61 □ 0.33 W 2 O 12 and "LT" means the polymorph at low temperature.

	Line i-j	Sample	Phase and weight percentage (% 0.1)	Rp (% 0.01)	Rwp (% 0.01)
			La2O3 (Hex)	Ca3WO6	La(OH)3 *		
	1 -2	AF	32.8	67.2	31.7	6.12	9.89
		P	55.7	12.6		6.84	12.09
	2 -3	AC-AF	La10W2O21 27.8	Ca3WO6 46.0	Ca3La2W2O12 26.2	6.29	8.54
			Ca3La2W2O12	La10W2O21			
	3 -5	X	69.2	30.8		5.59	7.41
		X-AC	79.5	20.5		7.05	12.69
	5 -7	S-X	Ca3La2W2O12 67.4	La6W2O15 32.6		5.20	8.24
			Ca3La2W2O12	CaWO4			
		AD	48.1	51.9		7.91	13.13
		Y	72.4	27.6		6.41	8.66
	4 -10	X-Y	90.4	9.6		7.99	12.58
		Y-AC	88.7	11.3		4.60	6.97
		AC-AD	90.5	9.5		6.64	10.34
		X-Y-AC	94.8	5.2		5.71	9.14
		AC-AD-Y	74.1	25.9		5.62	8.62
			Ca3La6W4O24	CaWO4			
	10 -11	YT YST	52.5 65.6	47.5 34.4		7.19 8.17	10.72 12.37
	12 -14	N	La2W2O9-tri 55.5	CaWO4 44.5		7.11	10.1

Table 4 :

 4 Identified phases and their weight fractions of synthesized samples on the boundary lines between two zones. The grey box indicates that the number of observed phases is not in agreement withGibbs' phase rule and * means that this phase is generated by water absorption of La 2 O 3 . Ca 2.06 La 2.61 □ 0.33 W 2 O 12 is simplified as Ca 3 La 2 W 2 O 12 .

Table 5 :

 5 Comparison of the cell volume of Ca 2.06 La 2.61 □ 0.33 W 2 O 12 (simplified as Ca 3 La 2 W 2 O 12 ) for some chosen compositions.

	Composition (point)	weight percentage of Ca 3 La 2 W 2 O 12 (% 0.1)	Volume of Ca 3 La 2 W 2 O 12 (Å 3 0.1)	R Bragg (% 0.01)	R p (% 0.01)	R wp (% 0.01)
	AG	68.9	4539.4	7.86	5.97	8.91
	X	69.3	4548.6	2.53	5.23	8.29
	AB-AC-X	23.4	4550.7	6.47	5.91	9.27
	AD	45.0	4565.8	8.81	7.63	12.3
	AC-AD-Y	74.1	4588.3	8.78	5.62	8.61
	X-R-S	39.6	4590.1	5.30	5.59	8.43
	Y-AC	88.7	4592.6	2.45	4.60	6.97
	S-X	67.4	4610.4	6.23	5.20	8.24
	X-Y-S	100	4617.0	4.98	6.52	9.81
	S-Y	64.0	4624.5	7.62	4.86	7.01

AC-AD

2) The experimental data show that only two phases are present in the grey areas of the zones 5 and 11.

This phenomenon is very common in the regions near the binary phase diagram. This is related to the relatively long thermodynamic and kinetic processes of the phase located in the central region of ternary phase diagram. The same phenomenon is also presented in Smirnov's report (near the phase L 5 W 2 located in the binary phase diagram La 2 O 3 -WO 3 [START_REF] Smirnov | [END_REF] ).

3) In the zone 8, the presence of La 
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