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Abstract 
Phase equilibria in the Cr–Ta and Cr–Ta–W systems were investigated using a 
combination of SEM, EPMA, and XRD techniques. The Cr–Ta system was re-

fined, including the eutectic coordinates and the solubility range of the TaCr2 
phase. The isothermal section of the Cr–Ta–W system at 1500 °C was con-
structed. The microhardness of the structural constituents in the Cr–Ta–W 

system was measured. 
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Key findings 
● Phase equilibria in the Cr–Ta–W system were studied during solidification and at 1500 °C

across the entire concentration range. An isothermal section at 1500 °C was constructed.

● The solubility of tungsten in the TaCr₂ phase is significantly higher than reported in avail-

able sources.

● The isothermal section at 1500 °C is characterized by the presence of a body-centered sol-
id solution (Cr,Ta,W), the TaCr₂ phase, and corresponding two-phase regions. Areas of mis-

cibility and the formation of a phase X with unspecified crystal structure were identified.

© 2025, the Authors. This article is published in open access under the terms and conditions of the Creative 
Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/), which permits unrestrict-
ed reuse of the work in any medium provided the original work is properly cited. 

1. Introduction

The development of the aerospace industry requires new 

alloys that meet increasingly demanding mechanical and 

functional property requirements. Conventional alloys are 

usually based on one principal element, which accounts 

for about 80 mass.% or more of the total composition. 

Only some superalloys and special steels contain two or 

three elements in concentrations of several tens of mass 

percent [1]. This limitation of the alloying strategy is 

mainly connected to the formation of brittle intermetallic 

phases with coarse morphology during processing or op-

eration at high temperatures, which reduces their me-

chanical properties, corrosion resistance and microstruc-

tural stability. 

In recent years, complex concentrated alloys (CCA) 

(frequently erroneously classified as high-entropy alloys 

(HEA) [2,3]) have gained popularity in scientific publica-

tions. Theses alloys are produced by mixing 5 or more el-

ements in equimolar concentrations. The authors of the 

review [4] distinguish two groups of CCAs based on their 

elemental composition: 3d transition metal-based alloys 

(Co, Cr, Cu, Fe, Ni, Ti, and V) and refractory-based alloys. 

The authors of the work [5] describe additional groups, 

such as light metal alloys, lanthanide-based alloys, and 

complex concentrated brasses and bronzes. Nevertheless, 
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the main design principle of these materials lies in obtain-

ing a single-phase disordered solid solution. 

There are precise phase equilibria data in ternary sub-

systems needed for the design of new CCAs to exclude the 

formation of undesirable intermetallic compounds. The 

most common components of refractory CCAs are Cr, Hf, 

Mo, Nb, Ta, Ti, V, W and Zr [5]. Most of them are refracto-

ry, but Cr and V are also included due to due to their popu-

larity as additives for density reduction and oxygen re-

sistance. This work describes the phase equilibria and me-

chanical properties of alloys in the Cr-Ta-W system.  

2. Literature review 

2.1. Phase equilibria in boundary binary systems 

The Cr-Ta-W system is based on three binary systems: Cr-

Ta, Cr-W, and Ta-W. A review of phase diagram data for 

the binary Cr-Ta system is published in the work [6]. This 

system is characterized by BCC solid solutions based on 

pure Cr and Ta and two Laves phases: the high-

temperature β-TaCr₂ with MgZn₂ Strukturbericht type 

(C14) and the low-temperature α-TaCr₂ with MgCu₂ 

Strukturbericht type (C15). The solid-liquid equilibria are 

characterized by two eutectics involving BCC solid solu-

tions and the C14 β-TaCr₂ phase. Crystal structure data for 

all the phases are presented in Table 1. 

Experimental data on phase equilibria in the Cr-Ta sys-

tem have been published in a number of papers. The part 

of the phase diagram in the composition range of 53.7–

81.7 at.% Cr was investigated in the work [7]. High stabil-

ity of the C14 β-TaCr₂ phase was reported, since the phase 

transition to the low-temperature modification was ob-

served only after prolonged annealing at temperatures 

below the transition temperature. 

The solubility of Ta in Cr-based solid solution between 

1100 and 1600 °C was obtained from the lattice parame-

ters in the work [8]. The activity of Cr was determined in 

[9] using the Knudsen effusion method for a number of 

alloys in the Cr–Cr2Ta system at 1199 °C. The solubility of 

Cr in the Ta based bass solid solution was investigated in 

the work [10]. The authors of the work [12] constructed 

the solidus of the Ta-based Bcc solid solution, obtained the 

solubility of Cr in the Ta-based solid solution and the 

boundaries of the homogeneity region of β-TaCr₂ C14 [12]. 

A critical evaluation of all available experimental data was 

carried out in the review [11]. 

Thermodynamic assessments of the system were de-

veloped in works [6-7] based on experimental data [6-7] 

and quantum mechanical calculations [7]. The main dif-

ferences of the thermodynamic model from work [7] com-

pared to the previous model published in [12] consist in 

lower eutectic temperatures and narrower homogeneity 

ranges of the Laves phases. The phase diagram calculated 

based on the model [13] is presented in Figure 1. 

Experimental studies of phase equilibria in the Cr-W 

system were published in [14–19]. The Cr-W system is 

characterized by a continuous BCC solid solution.  

Table 1 Crystal structure data for phases in the Cr-Ta system. 

Phase Strukturbericht Lattice parameters, Å Source 

(Cr) W, cI2-Im-3m a = 2.8847 [6] 

(Та) W, cI2-Im-3m a = 3.3031 [6] 

C14 βTaCr2 
MgZn2, 

hP12-P63 /mmc 

a = 4.950, c = 8.245 

a = 4.920, c = 8.070 
[7] 

C15 

αTaCr2 

MgCu2,  

cF24-Fd-3m 
a = 6.996, a = 6.944 [8] 

 
Figure 1 Phase diagram of the Cr-Ta system according to [13]. 

The miscibility gap is observed in the system at tem-

peratures below 1500 °C. The thermodynamic model of the 

system was reported in the work [20]. The calculated 

phase diagram is shown in Figure 2. 

The Ta-W system is characterized by a continuous BCC 

solid solution. At low temperatures, a slightly asymmetric 

ordering region is observed with a maximum at 43 at.% 

Ta and 1000 K [21]. Thermodynamic assessments of this 

system are presented in works [20] and [22] (Figure 3). In 

our investigation, the thermodynamic model from [22] 

was adopted due to its better description of the activity 

data for Ta and W in the BCC solid solution [23]. 

 
Figure 2 Phase diagram of the Cr-Ta system according to [13]. 
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Figure 3 Ta-W phase diagram: comparison of liquidus and solidus 
[21] (dash-dotted line) with [22] (solid line) (a); A2/B2-type or-

dering [21] (b). 

2.2. Ternary Cr-Ta-W system 

The only experimental investigation of the Cr-Ta-W sys-

tem was carried out by Rostoker [24] (also cited in [25]). 

Based on the study of five samples of varying composition, 

preliminary isothermal sections at 1500 and 1000 °C were 

proposed (Figure 4). However, the results of this study 

cannot be considered reliable for the following reasons. 

First, the annealing time at 1500 °C was only 45 min, 

which (even taking into account the preliminary heat 

treatment for one hour at 1700 °C) is clearly insufficient 

to achieve equilibrium in systems with refractory ele-

ments. Second, the furnace temperature during annealing 

at 1500 °C was regulated manually using an optical py-

rometer, which does not provide sufficient accuracy for 

maintaining a constant temperature. Annealing at 

1000 °C was carried out for 100 h, which may also have 

been insufficient to establish equilibrium. A thermody-

namic assessment of the ternary system was proposed by 

Kaufman et al. [21]; however, the data from [24] are not 

mentioned in it. 

3. Experimental part 

3.1. Sample preparation 

All the binary and ternary alloys were prepared from piec-

es of pure elements and master alloys (W–50 wt.% Cr). 

The purity of metallic chromium was 99.97%, and that of 

tantalum and tungsten was 99.95%. The samples were 

melted in the arc furnace with a non-consumable tungsten 

electrode on a water-cooled copper hearth. The melting 

was carried out in an argon atmosphere (99.998%), addi-

tionally purified using a titanium getter. Each alloy was 

remelted at least five times to ensure composition homo-

geneity. Mass losses due to chromium evaporation ranged 

from 0.2 to 1%. Chemical analysis of the samples was per-

formed using the microprobe X-ray spectral analysis. 

The homogenization annealing of the samples was car-

ried out in two stages. First, the samples were annealed at 

1500 °C for 26.5 hours in an SShVL-0.6.2/16 resistance 

furnace. Before annealing, the samples were wrapped in 

molybdenum foil and placed in a corundum crucible filled 

with titanium chips, which acted as an oxygen getter. The 

heat treatment was performed in an argon atmosphere 

(99.998%). Then, the samples were additionally annealed 

at 1500 °C for another 30 h to achieve phase equilibrium, 

which was confirmed by comparing the chemical composi-

tion of the phases. 

 
Figure 4 Preliminary isothermal sections in the Cr-Ta-W system 

according to the [24]: isothermal section at 1000 °C (a), isother-

mal section at 1500 °C (b). 
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A separate series of samples was annealed in the tube 

furnace (Nabertherm RHTV 120/300/1700, Germany) for 

100–210 h with temperature control accuracy of ± 1 °C and 

a molybdenum heater in an argon atmosphere. Before an-

nealing, the samples were also wrapped in molybdenum 

foil, placed in a corundum crucible, and additionally cov-

ered with titanium chips to prevent oxidation. 

After annealing, the samples were quenched in oil. The 

annealing duration was determined by the time required 

to achieve equilibrium. This equilibrium was verified by 

the absence of changes in the phase composition and mor-

phology of the structural components during repeated 

long-term annealing of the samples. 

3.2. Microstructure analysis 

Metallographic preparation of the samples was carried 

out on a polishing machine (Struers Labopol-5, Den-

mark). First, the samples were ground on silicon car-

bide (SiC)-based paper and composite disks, then pol-

ished on a cloth substrate with diamond suspensions 

with grain sizes of 9, 3, and 1 μm, respectively. Light 

optical microscopy (LOM) was performed on MIM-8 and 

Olympus GX71F-5 microscopes. For scanning electron 

microscopy (SEM) and X-ray spectral microanalysis, 

electron microscopes JEOL "Superprobe-733" and 

TESCAN VEGA LMH were used. 

3.3. Differential thermal analysis 

Phase transformation temperatures were determined by 

differential thermal analysis (DTA) using DSC LABSYS evo 

(Setaram) and VDTA-7 type instruments. For calibration, 

certified pure metal standards were used: Sn (99.9995%), 

Pb (99.9995%), Al (99.995%), Ag (99.99%), Au (99.99%), 

Cu (99.999%), Ni (99.99%), Fe (99.99%), and Pd 

(99.99%), ensuring temperature measurement accuracy of  

± 1 °C. The samples were placed in corundum Al2O3 cruci-

bles, and the experiments were conducted in an argon 

flow with 99.998% purity. Typical heating rate was 

5 °C/min. Temperatures of invariant reactions were de-

termined from the onset of the corresponding peak on the 

heating curve, and liquidus temperatures from the point 

where the signal returns to the baseline. 

3.4. X-ray diffraction analysis 

X-ray phase analysis (XRD) was conducted on ground 

powder samples using a multipurpose X-ray diffractome-

ter Bruker-AXS D8 Discover with Cu Kα-filtered radiation 

and DRON-3.0 diffractometer with Co Kα radiation, Kβ 

filter, in the 2θ angle range from 20° to 100°. The powder 

was obtained by grinding in an agate mortar. Phase identi-

fication was performed by comparing the obtained diffrac-

tion patterns with cards from the ICDD PDF-2 database 

[26]. Lattice parameters of the phases were calculated and 

refined using the Rietveld profile analysis method with 

Jana 2006 software [27]. 

3.5. X-ray diffraction analysis 

Microhardness measurements of the obtained alloys were 

performed using a Vickers microhardness tester DuraScan 

20 G5 (Emco-Test) with loads of 10 and 2 gf and a dwell 

time under load of 10 s. 

4. Experimental part 

4.1. Phase equilibria in the Cr-Ta system 

Chemical and phase composition data are presented in Table 

2. The typical microstructures are shown in Figure 5. Because 

of the discrepancy in the eutectic L↔(Cr)+Cr₂Ta composition 

reported in [14] and [7], the eutectic composition was meas-

ured by EPMA, and the eutectic temperature was determined 

using the DTA method. The obtained temperature of the in-

variant reaction is significantly lower than that reported in 

[6]. The version of the Cr-Ta phase diagram proposed in this 

work is shown in Figure 6.  

 
Figure 5 SEM micrographs of alloys: Cr90Ta10 (as cast) (a), 

Cr66.7Ta33.3 (as cast) (b), Cr50Ta50 (as cast) (c), Ta50Cr50 (after an-
nealing 1400 °C 210 h) (d), Ta52Cr48 (after annealing 1400 °C 

210 h) (e), Ta54Cr46 (after annealing 1400 °C 210 h) (f). 

 
Figure 6 Phase diagram of the Cr-Ta system according to [13].  

△ – DTA data, □ – EPMA data. Dotted line shows phase diagram 

from [13], solid line – this work. 
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Table 2 Compositions of Cr-Ta system alloys. 

No. 

Alloy composition, at.% 

State 

EPMA DATA, at.% 

Nominal Measured 
Phase Cr Ta 

Cr Ta Cr Ta 

1 90 10 93.35 6.65 As cast 
(Cr) 96.74 ± 0.17 3.26 ± 0.17 

Eutectic (βTaCr2 + 

(Cr)) 

90.06 ± 

0.01 
9.95 ± 0.01 

2 66.7 33.3 69.8 30.2 
Annealing 26 h 

at 1500 °C 
βTaCr2 70.3 ± 0.2 29.7 ± 0.2 

3 50 50 

52.57 47.43 As cast 

βTaCr2 62.09 37.91 

(Ta) 30.69 69.31 

Eutectic (βTaCr2 

+(Ta)) 
52.43 ± 0.32 47.58 ± 0.32 

53.4 46.6 
Annealing 26 h 

at 1500 °C 

(Ta) 21.04 ± 0.71 78.96 ± 0.71 

αTaCr2 64.33 35.67 

4 50 50 49.25 ± 0.05 50.75 ± 0.05 1400 °С 210 h 

αTaCr2 51.3 ± 0.1 48.7 ± 0.1 

X 51.65 ± 0.35 48.35 ± 0.34 

(Ta) 4.71 ± 1.075 95.29 ± 1.075 

5 48 52 51.05 ± 0.29 48.95 ± 0.25 1400 °С 210 h 

X 51.6 ± 0.23 48.4 ± 0.20 

αTaCr2 51.5 ± 0.43 48.5 ± 0.41 

(Ta) 5.8 ± 0.78 94.2 ± 0.8 

6 46 54 46.87 ± 0.02 53.15 ± 0.05 1400 °С 210 h 

X 51.4 ± 0.25 48.6 ± 0.24 

αTaCr2 51.4 ± 0.31 48.6 ± 0.30 

(Ta) 5.6 ± 0.55 94.4 ± 0.55 

 

During prolonged annealing of different alloys from the 

Cr-Ta system, the peritectoid reaction Cr2Ta + (Ta) ↔ X was 

observed. The phase labeled X, of unknown crystal structure, 

stabilizes at 1400 °C (Figure 7), and its homogeneity range 

requires further research. This phase is marked with a 

dashed line in Figure 6.  

4.2. Phase equilibria in the Cr-Ta-W system 

Figure 8 shows typical microstructures of some as-cast 

samples. Depending on the composition, one of two phases 

primarily crystallizes: the solid solution phase (Cr, Ta, W) 

or the Laves phase TaCr₂. Figure 9 presents diffractograms 

of the as-cast samples. Figure 10 shows the experimental 

isothermal section at 1500 °C, constructed based on the 

analysis of samples in both as-cast and annealed states. 

Data on the phase and chemical composition of sam-

ples in the Cr–Ta–W system annealed at 1500 °C are pre-

sented in Table 2. 

 
Figure 7 XRD patterns of Ta52Cr and Ta54Cr alloys after annealing. 

Diamonds mark αTaCr2 (C15) phase. 

 
Figure 8 Micrographs of the alloys in the Cr-Ta-W system in the 
as cast state: Cr55Ta25W20 (a); 85Cr-10Ta-5W (No. 4) (b); 60Cr-

30Ta-10W (No. 8) (c); 80Cr-15Ta-5W (No. 10) (d); 50Cr-40Ta-

10W (No. 12) (e); 70Cr-15Ta-15W (No. 13) (f). 
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Figure 9 Isothermal section of the Cr-Ta-W system at 1500 °C. 

Among the differences from the previous work [24], a 

wider homogeneity region of the Cr₂Ta phase with hexago-

nal C14 (MgZn₂-type) structure can be noted. According to 

EPMA data for the alloy with composition Cr–13.7 at.% Ta–

10.5 at.% W, the maximum solubility of W in the Cr₂Ta 

phase at 1500 °C reaches approximately 13 at.% (Table 2). 

The probable reason for the discrepancy with the data [24] 

is the very short annealing time (only 45 minutes) used by 

Rostoker. In the present study, the alloys were annealed for 

56–210 h, and, as can be seen from the microstructures on 

Figure 11, this time is sufficient to reach equilibrium.  

The homogeneity range of the solid solution (Cr,Ta,W) was 

also found to be wider than predicted in [24]. The boundaries 

of this region were determined based on the analysis of com-

positions of alloys No. 2, 3, 4, 7, and 8 (see Table 3). 

 
Figure 10 Isothermal section of the Cr-Ta-W system at 1500 °C. 

70Cr-15Ta-15W (as cast), Cr2Ta (С14): a = 4.9099, c = 8.0460 Å, 

(Cr,Ta,W): a = 2,9298 Å (a); 57,5Cr-27,5Ta-15W (as cast), Cr2Ta 

(С14): a = 4.9508, c = 8.1110 Å, (Cr,Ta,W): a = 3.1621 Å (b). 

 
Figure 11 Micrographs of the Cr-Ta-W alloys: 45Cr-45Ta-10W (No. 9), 1500 °С 26.5 h + 30 h (a); Cr55Ta25W20 (1500 °C, 100 h) (g); 

Cr55Ta25W20 (1500 °C, 150 h) (b); Cr60Ta20W20 (as cast) (h); Cr60Ta20W20 (1500 °C, 100 h) (c); Cr60Ta20W20 1500 °C, 150 h) (d); 

Cr70Ta15W15 (as cast) (e); Cr70Ta15W15 (1500 °C, 26 h) (f); Cr70Ta15W15 (1500 °C, 126 h) (i). 
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Table 3 EPMA data of the Cr-Ta-W alloys. 

No. 

Alloy composition, at.% State EPMA DATA, at.% 

Nominal Measured 
 Phase Cr Ta W 

Cr Ta W Cr Ta W 

1 85 10 5 89.0 7.4 3.6 As cast 

(Cr,Ta,W) 90.3 4.7 5.0 

Cr2Ta 73.8 23.5 2.7 

Eutectic ((Cr,Ta,W)+Cr2Ta)) 85.1 ± 0.4 11.2 ± 0.3 3.7 ± 0.1 

2 50 45 5 

55.1 42.8 2.1 As cast 

(Cr,Ta,W) 26.9 ± 0.3 69.3 ± 0.1 3.8 ± 0.4 

TaCr2 59.9 ± 0.1 37.90 ± 0.03 2.2 ± 0.1 

Eutectic ((Cr,Ta,W)+Cr2Ta)) 53.5 ± 1.1 43.8 ± 1.0 2.73 ± 0.1 

56.1 42.1 1.8 Annealing 56 h at1500 °C 
Cr2Ta    

(Cr,Ta,W)    

56.2 42.1 1.8 Annealing 26 h at 1500 °C 
(Cr,Ta,W) 20.3 ± 0.8 74.2 ± 0.7 5.5 ± 0.1 

Cr2Ta 64.1 ± 0.2 34.8 ± 0.2 1.06 ± 0.01 

3 60 30 10 

60.2 ± 0.2 30.9 ± 0.1 8.8 ± 0.1 As cast 
(Cr,Ta,W) 29.53 ± 0.12 44.11 ± 0.01 26.36 ± 0.13 

Cr2Ta 63+2.4 29.39 ± 1.4 7.6 ± 1.1 

   Annealing 56 h at 1500 °C (Cr,Ta,W) 15.1 ± 1.2 46.0 ± 2.2 38.9 ± 3.41 

58.4 31.8 9.8 Annealing 26 h at 1500 °C 
(Cr,Ta,W) 15.5 46.7 37.8 

Cr2Ta 63.5 ± 0.3 29.7 ± 0.1 6.8 ± 0.2 

4 45 45 10 

34.6 55.2 10.2 Annealing 56 h at 1500 °C (Cr,Ta,W) 12.7 ± 0.1 69.2 ± 0.1 18.1 ± 0.2 

34.6 55.2 10.2 Annealing 26 h at 1500 °C 
(Cr,Ta,W) 14.7 ± 0.1 67.68 ± 0.03 17.6 ± 0.1 

TaCr2 63.4 ± 0.1 34.5 ± 0.1 2.07 ± 0.02 

38.07 53.15 8.78 As cast 
(Cr,Ta,W) 20 ± 3 65 ± 1 15 ± 2 

TaCr2 60.57 ± 0.28 36.69 ± 0.28 2.74 

5 80 15 5 

84.96 11.76 3.28 As cast 
(Cr,Ta,W) 94.28 ± 0.36 3.31 ± 0.18 2.41 ± 0.18 

Cr2Ta 70.26 ± 0.01 24.18 ± 0.02 5.56 ± 0.04 

85.4 11.3 3.3 Annealing 26 h at 1500 °C 
(Cr,Ta,W) 96.1 ± 0.1 1.4 ± 0.1 2.5 ± 0.02 

Cr2Ta 70.6 ± 0.1 24.6 ± 0.1 4.8 ± 0.1 

6 50 40 10 51.6 42.5 5.9 As cast (Cr,Ta,W) 24.2 ± 0.3 59.9 ± 0.2 15.9 ± 0.14 

7 70 15 15 

75.8 13.7 10.5 As cast 
Cr2Ta 66.3 ± 0.3 20.7 ± 0.4 13.0 ± 0.01 

(Cr,Ta,W) 87.1 ± 2.4 4.5 ± 0.5 8.4 ± 1.9 

75.7 13.8 10.5 Annealing 26 h at 1500 °C 
(Cr,Ta,W) 89.0 ± 0.2 1.9 ± 0.04 9.1 ± 0.1 

Cr2Ta 69.2 ± 0.1 19.5 ± 0.2 11.3 ± 0.2 

8 57.5 27.5 15 

57.6 30.1 12.3 Annealing 56 h at 1500 °C 
(Cr,Ta,W) 19.9 ± 2.1 37.4 ± 1.3 42.7 ± 3.1 

Cr2Ta 64.7 27.9 7.4 

59.3 28.6 12.1 As cast 
(Cr, Ta, W) 26.2 ± 0.4 40.7 ± 0.2 33.2 ± 0.2 

Cr2Ta 64.9 ± 3.5 26.3 ± 2.9 8.8 ± 0.6 

 

https://doi.org/10.15826/chimtech.9334


Chimica Techno Acta 2026, vol. 13(1), No. 9334             ARTICLE 

  8 of 10 DOI: 10.15826/chimtech.9334  

Table 3 EPMA data of the Cr-Ta-W alloys (continued). 

No. 

Alloy composition, at.% State EPMA DATA, at.% 

Nominal Measured 
 Phase Cr Ta W 

Cr Ta W Cr Ta W 

9 55 25 20 

55.7 24.39 19.9 Annealing 1500 °С 100h 

(Cr, Ta, W) 21.315 24.715 52.755 

X 47.315 44.64 8.04 

TaCr2 63.015 23.55 13.445 

56.2 24.4 19.5 Annealing 1500 ℃ 150h 

TaCr2 63.87 22.335 13.795 

X 48.1 43.605 8.295 

(Cr, Ta, W) 24.89 28.82 46.265 

10 60 20 20 

61.3 18.79 19.73 Annealing 1500 °С 100h 

(Cr) 79.49 2.41 18.15 

TaCr2 57.6 29.2 13.02 

(Cr,Ta,W) 25.8 16.11 57.83 

X 49.42 40.78 10.09 

61.3 18.79 19.73 Annealing 1500 ℃ 150h 

(Cr, Ta,W) 41.775 57.61 1.365 

X 45.23 43.93 9.21 

(Cr,Ta,W) 22.18 14.64 64.86 

11 70 15 15 

73.7 14.175 12.14 Annealing 1500 °С 100h 

(Cr,Ta,W) 85.5 1.8 12.615 

TaCr2 65.88 20 14.1 

X 50.52 40.33 8.91 

72.9 16.12 11.4 Annealing 1500 ℃ 150h 
X 49.96 49.99 0.7 

(Cr,W) 70.62 0.96 22.06 
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4.3. Microhardness of the Cr-Ta-W alloys Cr-Ta-W 

The results of microhardness measurements of as-cast 

samples are presented in Table 4. It can be seen that the 

overall microhardness of the alloys increases with increas-

ing content of the TaCr₂ phase. A positive correlation can 

also be assumed between the tungsten content in the 

(Cr,Ta,W) phase and its microhardness. 

5. Limitations 

The current study focused on phase equilibria at 1500 °C 

in the Cr-Ta-W system and refinements to the Cr-Ta bina-

ry, leaving phase relations at lower temperatures unex-

plored, including the stability range and full homogeneity 

region of the novel phase X observed around 1400 °C. 

Phase X, identified in Cr-Ta alloys after prolonged anneal-

ing, lacks a determined crystal structure due to insuffi-

cient quantity of single-phase samples for precise XRD 

refinement, limiting its characterization. Equilibrium 

achievement relied on microstructural stability and EPMA 

consistency after 56–210 hours annealing, but diffusion 

kinetics in refractory elements may require even longer 

times for full homogenization in W-rich compositions.  

Table 4 Microhardness of samples in the as cast state. 

No. 

Nominal compo-

sition, at. % 
Microhardness 

Cr Ta W Element Load Value 

1 50 40 10 Averaged HV0.1 1284 ± 62 

2 75 15 10 

Averaged HV0.1 1149 ± 58 

(Cr. Ta,W) HV0.025 824 ± 64 

TaCr2 HV0.025 1150 ± 50 

3 45 45 10 

Averaged HV0.1 938 ± 50 

(Cr, Ta,W) HV0.025 807 ± 6 

TaCr2 HV0.025 1090 ± 23 

4 63 32 5 

Averaged HV0.1 710 ± 21 

(Cr, Ta,W) HV0.025 601 ± 12 

TaCr2 HV0.025 705 ± 12 

5 60 30 10 Averaged HV0.1 1156 ± 102 

    TaCr2 HV0.025 1150 ± 131 

    (Cr, Ta,W) HV0.025 1490 ± 186 

6 50 50 0 Averaged HV0.1 1131 ± 86 

7 85 10 5 

Averaged HV0.1 804 ± 41 

(Cr, Ta,W) HV0.025 896 ± 52 

Eutectic HV0.025 1028 ± 109 

8 66.7 33.3 0 Averaged HV0.1 1127 ± 73 

9 90 10 0 

Averaged HV0.1 586 ± 34 

(Cr, Ta,W) HV0.025 590 ± 40 

Eutectic HV0.025 684 ± 55 

10 80 15 5 Averaged HV0.1 991 ± 66 

11 57.5 27.5 15 Averaged HV0.1 1153 ± 64 

6. Conclusions 

The phase diagrams of the binary Cr–Ta and of the ternary 

Cr-Ta-W systems have been refined, and microhardness 

measurements of the as-cast alloys – performed. The main 

differences from the previous versions of the diagram are 

as follows:   

1. Phase equilibria in the Cr–Ta–W system were studied 

during solidification and at 1500 °C across the entire con-

centration range. An isothermal section at 1500 °C was 

constructed.  

2. The solubility of tungsten in the TaCr₂ phase is sig-

nificantly higher than reported in [24].   

3. The isothermal section at 1500 °C is characterized by 

the presence of a body-centered solid solution (Cr,Ta,W), 

the TaCr₂ phase, and corresponding two-phase regions. 

Areas of miscibility and the formation of a phase X with 

unspecified crystal structure were identified.   
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