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Abstract: Two isothermal sections of the Ni-Cr-Ta ternary system at 1200 °C and 1300 °C have been
determined by using electron probe microanalysis, energy dispersive spectroscopy and differential
scanning calorimeter. A Laves phase (Ni, Cr),Ta(HT)(C14 structure) with large solid solubility
stabilized by the Ni addition was determined in both two isothermal sections. The composition
range of this phase was about 25.8-66.0 at.% Cr, 2.5-44.3 at.% Ni, and 24.0-40.0 at.% Ta at 1200 °C,
which increased with raising temperature. The melting point of the Ni-Cr alloys decreased with the
addition of Ta. No ternary compound was found in both these two isothermal sections. The present
work could be significant for practical application of nickel-based alloys and future thermodynamics
assessment of the Ni-Cr-Ta ternary system.
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1. Introduction

Nickel-based superalloys have been applied in the aerospace field due to their excellent
high-temperature properties, oxidation and corrosion resistance in the extreme harsh environment [1,2].
However, with higher industrial requirements in the structure materials for high-temperature
applications in aviation field, materials capable of better mechanical strength, oxidation and corrosion
resistance are required. In order to improve the properties of Ni-based alloys, an excellent alternative
is to alloy refractory elements [3-6]. Technologically, Cr addition could significantly improve the
oxidation and hot-corrosion resistance for the nickel-based alloys by forming a stable oxidation
protective layer CryOj3 at elevated temperatures [4,7-9]. Meanwhile, as a solid solution strengthening
element, the alloying of Ta also improves the hot-corrosion and oxidation resistance [10,11]. However,
the stabilization of topologically close packed (TCP) phase will deteriorate the mechanical properties
of the superalloys for excessive addition of Cr and Ta elements [12,13]. Therefore, it is of significant
necessity to investigate the phase diagram of the ternary Ni-Cr-Ta system, not only for the future
thermodynamics assessment, but also enhancing the potential practical applications.

The Ni-Cr-Ta ternary system consisting of three binary subsystems, Ni-Cr, Ni-Ta, Cr-Ta, is
illustrated in Figure 1. In 1986, Nash [14] reviewed the Ni-Cr system with a eutectic reaction at
1345 °C, where an extensive Ni terminal solid solution (face centered cubic) region and a less extensive
Cr terminal solid solution (body centered cubic) region were identified. Additionally, Lee [15] and
Zhu et al. [16] re-evaluated the Ni-Cr binary system, which is in agreement with the experimental
results with the work of Nash.
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The Ni-Ta binary system has been investigated by many researchers [17-30]. In 2018,
Zhou et al. [30] reviewed the Ni-Ta system, where only four intermetallic compounds Ni,Ta, NizTa,
NiTa, NiTap, and two terminal solid solutions fcc-(Ni), bee-(Ta) coexisted, and the NigTa was confirmed
to be a metastable phase. There are two eutectic reactions, three peritectic reactions, a peritectoid
reaction and a congruent transformation in this system. Two eutectic reactions L. — NizTa + fcc-(Ni)
and L — NipTa + NigTay occurred at 1330 °C and 1350 °C, respectively. The NigTay and NiTa, phase
formed from two peritectic reactions. In addition, several investigators [23-28] have assessed the
thermodynamic database of this binary system with CALPHAD method and first-principles calculation.
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Figure 1. Binary phase diagrams constituting the Ni-Cr-Ta ternary system [14,30,31].

In 1987, Venkatraman et al. [32] reviewed the Cr-Ta system, in which two terminal solid solutions
bcc-(Cr), bee-(Ta) and intermediate phase CrpTa formed from eutectic reaction occurred at 1760 and
1965 °C, respectively. The intermediate compound Cr;Ta exhibits two Laves phase modifications.
The high-temperature form, CrpyTa (HT), has the hexagonal MgZn,-type (C14) structure, while the
low-temperature form, CrpTa (LT), has the cubic MgCu,-type (C15) structure. In 1996, Okamoto [33] had
redrawn this binary phase diagram based on the Venkatraman’s work with an adjustment in the form of
Cr;Ta solidus complying with the Gibbs-Konovalov rule. In 1991, Kaufman et al. [23] assessed the Cr-Ta
system with CALPHAD approach, then, Dupin et al. [34] re-evaluated the thermodynamic information
based on the experimental results and the assessment of Kaufman. Recently, Pavli et al. [31] re-modeled
the Laves phases in the system using first-principles calculation and re-optimized the phase diagram
with CALPHAD method.

As for the Ni-Cr-Ta ternary system, Nash et al. [35] investigated the phase equilibria in the Ni-rich
portion of this system at 1000 °C and 1250 °C to establish a ternary Laves phase NiCrTa (the lattice
parameter, a = 4.844 A, c="7.89 A, annealed at 1250 °C, and a = 4.885 A, c=7.888 A, annealed at 1000 °C)
with hexagonal MgZn,-type (C14) structure using electron microprobe and X-ray diffraction analysis.
In 1985, Schittny et al. [36] reconfirmed the ternary compound NiCrTa in the partial isothermal section
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at 1000 °C with concentration range of 040 at. % Ta. However, there is no ternary compound except
for a Laves phase Cr,Ta (hexagonal, MgZny-type, a = 4.844 A, ¢ = 7.9091 A) in the isothermal section at
1100 °C, according to Nikolaev’s et al. experimental phase diagram [37]. Additionally, Dupin et al.
assessed the thermodynamic database of the Ni-Cr-Ta system [38]. The stable phases in the ternary
Ni-Cr-Ta system are listed in the Table 1.

Table 1. The stable solid phases in the Ni-Cr-Ta ternary system.

System Phase Pearson Symbol Prototye Space Group Strukturbericht Ref.
Ni-Cr fcc cF4 Cu Fm-3m Al [14]
bce-(Cr) cl2 w Im-3m A2 [14]

Ni,Cr oP6 Pt;Mo [14]

Ni-Ta fcc cF4 Cu Fm-3m Al [30]
bce-(Ta) cl2 W Im-3m A2 [30]

Ni3zTa t18 TiAl; I4/mmm D0y, [30]

mP16 NbPt; P2¢/m [30]

oP8 CusTi Pmmn D0, [30]

Ni,Ta t16 MoSi, I4/mmm Cllyp [30]

Ni6Ta7 hP13 Fe7W6 R-3m D85 [30]

NiTa, t12 Al,Cu H4/mem C16 [30]

Cr-Ta bece-(Cr) cI2 w Im-3m A2 [31]
bce-(Ta) cl2 \Y Im-3m A2 [31]

CrpTa(HT) hP12 MgZn, P63/mmc C14 [31]

CrpTa(LT) cF24 MgCu, Fd-3m C15 [31]

2. Experimental Details

High purity metals nickel (99.9 wt. %), chromium (99.9 wt. %) and Tantalum (99.9 wt. %) were
used as our raw material to obtain alloys. All the metals were well cleaned to avoid the input of
impurity surface oxidation before melting. All alloys were displayed in the form of atomic ratios
(at. %). The ingots, around 20 g, were re-melted at least four times to get the uniformity with less
than 0.5 wt. % weight loss. The alloys were melted in a high purity argon atmosphere arc furnace
with a non-consumable tungsten electrode on a water-cooled copper platform. Then, all specimens
were individually sealed in silica capsules with high purity argon, annealed at 1200 °C for 35 days
and 1300 °C for 15 days, respectively. Additionally, in order to prevent oxidation, we put some pure
yttrium fillings in the quartz capsules. Some alloys with liquid phase at 1300 °C were wrapped in the
pure tantalum foil to avoid contact reaction with quartz.

All alloys were water quenched after heat treatment and well prepared for metallographic
analysis. The equilibrium compositions of phases in the specimens were determined by electron probe
microanalysis (EPMA) with 20 kV accelerating voltage and 1.0 X 1078 A probe current. Additionally,
the equilibrium compositions of liquid phases in some alloys annealed at 1300 °C were measured
by energy dispersive spectroscopy (DSC) with 20 kV accelerating voltage and 2.0 x 10~ A probe
current. The crystal structure was identified by a Phillips Panlytical X-pert diffractometer using Cu-Ka
radiation with 40 kV voltage and 40 mA current. The results were measured in the range of 20 from
20° to 90° with a step interval of 0.015308° and a count time of 0.3 s per step. The melting points of
some alloys were determined by differential scanning calorimeter (DSC) with a heating and cooling
rate of 10 °C/min.
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3. Results and Discussion

3.1. Microstructure

The phase relationship of the Ni-Cr-Ta ternary system at 1200 °C was established from 33 alloys
annealed for 35 days. The nominal compositions of alloys and compositions of different phases at
equilibrium are displayed in the Table 2. Meanwhile, the microstructure and XRD results of typical
alloys annealed at 1200 °C for 35 days are presented in Figures 2 and 3, respectively.

Table 2. Equilibrium compositions of each phase in the Ni-Cr-Ta ternary alloys annealed at 1200 °C for

35 days.
Phase Equilibrium Composition (at. %)
Nominal Phase 1 Phase 2 Phase 3
Alloys (at. %) Phase 1/Phase 2/Phase 3
Cr Ta Cr Ta Cr Ta

Ni54Cr4345Ta2.5 fcc 434 53.9
Ni80_5Cr7Ta12_5 fcc/Ni3Ta 8.5 10 3.3 19.9

NisoCrs; Tag fee/NigTa 415 5.0 30 217

Ni14CresTan bee-(Cr)/(Ni, Cr),Ta(HT) 970 04 508 300

NigCrssTag; bee-(Cr)/(Ni, Cr),Ta(HT)/NigTa 815 0.9 33 234 34 224

NigsCrsTazg Nis Ta/Nip Ta/(Ni, Cr), Ta(HT) 06 251 16 373 265 319
Ni40CI‘22Ta38 Ni6Ta7/(Ni, CI‘)zTa(HT) 10.8 45 27.8 34.8

Ni30Cr31Ta39 Ni6Ta7/(Ni, Cr)zTa(HT) 20.7 45.2 36.3 35.8

Nip; Cras Tage Nig Tay/(Ni, Cr), Ta(HT) 28.4 48 448 383

NiggCI‘4Ta57 Ni6Ta7/NiTa2 6.5 52.7 0.2 64.5

N113Cr7Ta80 NiTaZ/bcc—(Ta) 12 62.2 4.0 95.2

Ni33Cr34Ta33 (Nl, Cr)zTa(HT) 34.5 33.0

NiygCroTays fee/NigTa 114 83 19 219

Nis3Cray Tagg fce/NisTa/bee-(Cr) 419 46 36 225 803 06
Ni38Cr32Ta30 (Nl, Cr)zTa(HT) 31.9 29.5

Nip5CrsyTasg Nig Taz/(Ni, Cr),Ta(HT) 155 485 386 356

NigsCryTagg Ni3Ta/Niy Ta/(Ni, Cr), Ta(HT) 05 249 18 371 266 321

Ni53Cr8Ta39 N16Ta7/N12Ta/(N1, Cr)2Ta(HT) 9.6 46.1 0.8 33.5 26.8 33.2

NiyCrysTags bee-(Cr)/(Ni, Cr), Ta(HT) 986 07 667 308

NigCrygTags Nig Ta/(Ni, Cr), Ta(HT) 40.1 50 541  39.6

N127Cr41 Ta32 (Nl, Cr)zTa(HT) 40.9 321

Ni26Cr57Ta17 NiéTayfbcc-(Ta) 19.1 53.8 6.2 93.7

Ni35Cr53Ta12 bCC-(CI‘)/(Nl, Cr)zTa(HT)/ngTa 81.3 0.9 33.5 23.7 3.2 22.5
Niy7Crs3Tagg bee-(Cr)/(Ni, Cr), Ta(HT) 928 02 369 259

Nip3CrszTagy bee-(Cr)/(Ni, Cr), Ta(HT) 9.3 05 453 289

Nizsz45Ta33 (Nl, Cr)zTa(HT) 452 329

Ni13Cr53Ta34 (Ni, Cr)zTa(HT) 53.1 34

Ni16Cr38Ta46 Ni6Ta7/(Ni, Cr)zTa(HT) 33.3 49.8 51 38.9

N112CI'33Ta55 Ni6Ta7/bcc-(Ta) 35.6 52.1 6.8 93.1

Ni15Cr19Ta66 NiéTayfbcc-(Ta) 24.4 55.1 6.4 93.5

NizgCrsgTag fce/NizTa/bec-(Cr) 41.8 45 34 22.3 80.1 0.5

Ni5CryoTass NigTaz/(Ni, Cr),Ta(HT)bcc-(Ta)  39.2 515 587 385 63 935
Ni10Cr25T365 Ni6Ta7/bcc-(Ta) 30.5 52.4 5.4 93.2
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Figure 2. The microstructure of typical alloys in the Ni-Cr-Ta system annealed at 1200 °C for 35 days.
(a) Nis3CrsyTay; (b) NigsCrzTagg; (¢) NiszCrgTaze; (d) NisoCrazTag; (e) NipyCrszTago; (f) NijoCrazTass.
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Figure 3. The XRD patterns of typical alloys in the Ni-Cr-Ta system annealed at 1200 °C for 35 days.
(a) NiggCryTage; (b) Nis3CrgTazg; (c) Nij2CrazTass; (d) Nij3Crs3Tazy.
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As presented in Figure 2a—c, the microstructure of three-phase regions was detected in these
alloys. Figure 2a showed the three-phase equilibrium, two terminal solid solutions fcc, bcc-(Cr) and a
compound NijTa, bright regions in the microstructure of the Nis3Crs;Tajg alloy. Figure 2b showed the
three-phase equilibrium of the NigsCryTayg alloy, in which the white precipitated (Ni, Cr),Ta(HT) phase
was uniformly distributed in the NizTa and NiyTa phase. Moreover, the three-phase equilibrium state
was identified by the XRD result in Figure 3a. Three-phase region, Ni,Ta, NigTay and (Ni, Cr),Ta(HT)
was found in the Nis3CrgTagg alloy after annealed at 1200 °C for 35 days. Additionally, the XRD analysis
in Figure 3b just confirmed the microstructure. As can be seen from Figure 2d—f, three two-phase
regions were identified in these three alloys. Figure 2d showed the equilibrium of the gray matrix fcc
and white NizTa phase in the NisgCrs3Tag alloy annealed at 1200 °C for 35 days. The phase relation
of the Niy;Crs3Tayg alloy, a terminal solid solution bce-(Cr) and a compound (Ni, Cr),Ta(HT), was
described in Figure 2e. Furthermore, there was a two-phase section of white bce-(Ta) and gray NigTay
phase in the NijpCrs3Tass alloy as illustrated in Figure 2f. Additionally, the crystal structure of the
Nij»Crs3Tass alloy was identified by the XRD result displayed in Figure 3c. Figure 3d showed the XRD
result of a single (Ni, Cr),Ta(HT) phase in the Nij3Crs3Taz4 alloy and the microstructure was displayed
in the Figure 3e.

In the experiment, several alloys were designed to investigate phase relation of the Ni-Cr-Ta
system at 1300 °C. Table 3 listed the alloys compositions and phase equilibrium compositions of the
alloys annealed at 1300 °C. In addition, the microstructure and XRD patterns of typical alloys were
presented in the Figures 4 and 5, respectively. Figure 4a,c showed two three-phase equilibriums with
liquid phase. As presented in Figure 4a, the microstructure of three-phase region, gray liquid phase,
black fcc phase and white NisTa phase, was determined in the NisgCr33Tag alloy annealed at 1300 °C for
3 h. Figure 4c displayed the three-phase microstructure of liquid phase, oval-shaped bcc-(Cr) and (INj,
Cr),Ta(HT) phase in the Niz5Crs3Tag; alloy annealed at 1300 °C for 3 h. There was a three-phase section,
black matrix NizTa, white precipitated NiyTa and gray (Ni, Cr),Ta(HT) identified in the NigsCrsTaz
alloy as shown in Figure 4b. Figure 4d,e illustrated two two-phase equilibrium. The NigTa; and (Ni,
Cr),Ta(HT) phase were determined in the NijCrsgTayq alloy described in Figure 4d, and the two-phase
equilibrium was supported by the XRD result in Figure 5a. The microstructure of the Nij,Crs3Tass
alloy in Figure 4e was confirmed as bcc-(Ta) and NigTay by the XRD pattern presented in Figure 5b.
Figure 4f showed the three-phase region, bcc-(Ta), NigTay and (Ni, Cr),Ta(HT), of the Ni5CrygTass alloy,
and the result was confirmed by the XRD pattern in Figure 5c. As shown in Figure 4d—e, the cracks
and holes were observed in the brittle Laves phase NigTay.
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Table 3. Equilibrium compositions of each phase in the Ni-Cr-Ta ternary alloys annealed at 1300 °C for

15 days or 3 h.
Nominal Phase Equilibrium Composition (at. %)
Alloys (at%) Phase 1/Phase 2/Phase 3 Phase 1 Phase 2 Phase 3
Cr Ta Cr Ta Cr Ta
Ni54Cr4345Ta2.5 fcc 46.0 24
NigoCrazTag * fee/NizTa/L 343 66 37 224 375 117
Niy4CresTag; bee-(Cr)/(Ni, Cr), Ta(HT) 955 06 516 296
NigeCrasTag; * L/(Ni, Cr),Ta(HT)/Ni3Ta 351 159 330 246 33 238
Nig5CrsTasg Ni; Ta/Ni, Ta/(Ni, Cr), Ta(HT) 06 236 10 313 224 319
NigoCrys Tasg Nig Tay/(Ni, Cr), Ta(HT) 11.6 455 229 352
Ni30C1‘31 Ta39 Ni6Ta7/(Ni, CI‘)zTa(HT) 18.9 46.7 36.5 35.6
Ni21 Cr33Ta46 Ni6Ta7/(Ni, Cr)zTa(HT) 27.7 48.3 45.1 38.2
NizoCrsTas; Nig Tay/NiTay 05 655 72 55
Niy3Cr; Tagy NiTay/bec-(Ta) 120 582 47 945
Ni33Cr34Ta33 (Nl, Cr)zTa(HT) 34.5 33.1
Ni78Cr9Ta13 fcc 9.2 12.3
Nis3CrsyTagg * feo/L 384 65 369 135
Ni38Cr32Ta30 (Nl, Cr)zTa(HT) 32.2 30.2
N125Cr37Ta38 N16Ta7/(N1, Cr)zTa(HT) 19.6 47.6 39.3 36.6
NigsCr7Tagg Ni3 Ta/Nip Ta/(Ni, Cr), Ta(HT) 07 234 12 311 223 316
Ni53Cr8Ta39 N16Ta7/N12Ta/(N1, Cr)zTa(HT) 8.5 454 0.2 32.7 17.4 36.5
NiyCry5Tags bee-(Cr)/(Ni, Cr), Ta(HT) 981 08 652 323
NigCragTass Nig Taz/(Ni, Cr),Ta(HT) 423 502 543 406
Ni27Cr41Ta32 (Nl, Cr)zTa(HT) 41.0 31.8
Ni26Cr57Ta17 NiéTay/bcc-(Ta) 19.8 54.0 5.1 94.3
Nis5Crs3Tagp * bee-(Cr)/(Ni, Cr), Ta(HT)/L 828 09 375 244 398 124
Ni27Cr53Ta20 bCC-(CI')/(Nl, Cr)zTa(HT) 89.2 0.5 43.6 27.0
Nip;CrszTagy bee-(Cr)/(Ni, Cr), Ta(HT) 935 05 455 268
Ni22Cr45Ta33 (Ni, Cr)zTa(HT) 45.3 325
Ni13Cr53Ta34 (Nl, Cr)zTa(HT) 53.5 33.7
NiyCrag Tage Nig Tay/(Ni, Cr), Ta(HT) 357 488 498 394
Nig; CrpgTag; * NizTa/(Ni, Cr), Ta(HT)/L 3.1 234 330 245 348 162
N112CI'33Ta55 Ni6Ta7/bcc-(Ta) 36.9 51.0 54 94.1
Ni15Cr19Ta66 NiéTayfbcc-(Ta) 26.8 53.3 5.3 93.8
NiseCrsgTag * fee/bee-(Cr)/L 401 61 807 05 397 118
NiygCri,Tagg fcc/NisTa 134 97 32 215
Ni5CrypTass NigTay/(Ni, Cr),Ta(HT)/(Ta) 41.6 51.1 53.5 421 6.3 93.5
Ni10Cr25Ta65 Ni(,Tayfbcc—(Ta) 29.8 54.6 6.8 93.1

* Indicated that the alloy was annealed at 1300 °C for 3 h.
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Figure 4. The microstructure of typical alloys in the Ni-Cr-Ta system annealed at 1300 °C. (a) NisoCr33Tag;
(c) Niz5Crs3Tap; alloys annealed at 1300 °C for 3 h. (b) Nig5CrsTagg; (d) NijgCragTayg; (€) NijpCrszTass;
(f) NisCrygTass alloys annealed at 1300 °C for 15 days.
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Figure 5. The XRD patterns of typical alloys in the Ni-Cr-Ta system annealed at 1300 °C for 15 days.
(a) Niy6CragTage; (b) NijpCrssTass; (c) NisCrygTass.
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3.2. Isothermal Sections

The measured equilibrium compositions of the Ni-Cr-Ta system at 1200 °C and 1300 °C were
listed in the Tables 2 and 3, respectively. According to the experimental results, the isothermal sections
of the Ni-Cr-Ta ternary system at 1200 °C and 1300 °C were established in Figures 6 and 7. At 1200 °C,
there are eight stable solid phases, fcc, NizTa, NipTa, NigTay, NiTay, bec-(Ta), bee-(Cr), and (Cr), Ta(HT).
Meanwhile, five three-phase regions, fcc + NizTa + bec-(Cr), NizTa + bee-(Cr) + (Ni, Cr),Ta(HT), NizTa
+ NipTa + (Ni, Cr), Ta(HT), Niy Ta + NigTay + (Ni, Cr),Ta(HT) and NigTa; + bce-(Ta) + (Ni, Cr),Ta(HT),
were experimentally determined and marked as triangle with solid lines in present work. However, the
other three three-phase equilibria, NigTay + NiTa, + bce-(Ta), bee-(Cr) + (Cr)Ta(LT) + (Ni, Cr),Ta(HT)
and bee-(Ta) + (Cr),Ta(LT) + (Ni, Cr);Ta(HT), at 1200 °C were inferred and presented as triangle with
dash lines. A single-phase region (Ni, Cr), Ta(HT) with hexagonal MgZn,-type (C14) structure was
detected with a large composition range of about 25.8-66.0 at. % Cr, 2.5-44.3 at. % Ni, and 24.0-40.0 at.
% Ta, at 1200 °C. It should be noted that the (Ni, Cr),Ta(HT) appears in two isothermal sections of
the Ni-Cr-Ta system in spite of the non-existence in Cr-Ta subsystem at two temperatures. Distinctly,
the Ni addition to the Cr-Ta binary system stablizes the (Ni, Cr),Ta(HT) phase at low temperature.
The NizTa and NiyTa just dissolves a little of Cr, while the solubility of Cr in the NigTay and NiTa,
phase reaches up to 40.1 and 13.1 at. %, respectively. Despite the same crystal structure of Ta and Cr,
the solubility of Ta/Cr in two bcc terminal solid solution is quite small.

Present work

1200 °C = Single-phase equilibria
® Two-phase equilibria

A Three-phase equilibria
o Binary data

* Nominal component

@ fee + bee-(Cr) + Ni, Ta

@ (Ni, Cr), Ta(HT) + bee-(Cr) + Ni Ta

@ (Ni, Cr)',Ta(H'l‘) 7k I\'i;I‘a + Ni,Ta

@ Ni Ta,+ Ni,Ta + Ni,Ta

[©) .\libTa.+ NiT‘d: + bee-(Ta)

® Ni,Ta,+ (Ni, Cr),Ta(HT) + bee-(Ta)

(@ (Cr),Ta(LT) + (Ni, Cr),Ta(HT) + bee-(Cr)
® (Cr),Ta(LT) + (Ni, Cr),Ta(HT) + bee-(Ta)

\*bee-(Ta)
40 60 NiTa, 80 Ta
Ta / at.%

Ni A T
201\“:'1‘3 Ni,Ta

Figure 6. Experimentally determined isothermal section of the Ni-Cr-Ta system at 1200 °C.
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Cr Present work
1300 °C = Single-phase equilibria
® Iwo-phase equilibria
A Three-phase equilibria
o Binary data

* Nominal component

D fee + bee-(Cr) + L

(Cr).TaLr) | @ (Ni Cr), Ta(IIT) + bee-(Cr) + L

® fec+L+NiTa

@ (Ni, Cr),Ta(HT) + L + Ni,Ta

® (Ni, Cr),Ta(HT) + Ni,Ta + Ni,Ta

® Ni Ta,+ Ni,Ta + (Ni, Cr),Ta(IIT)

@ Ni/Ta,+ NiTa, + bec-(Ta)

® Ni,Ta+ (Ni, Cr),Ta(HT) + bee-(Ta)

@ (Cr),Ta(LT) + (Ni, Cr),Ta(HT) + bee-(Cr)
0 (Cr),Ta(LT) + (Ni, Cr),Ta(LIT) + bee-(Ta)

Wy
20 Ni.TaNiTa 40 60
: Ta/at.%

A
4 ybcc-(’l'a)
NiTa, 0 L

Figure 7. Experimentally determined isothermal section of the Ni-Cr-Ta system at 1300 °C.

The isothermal section at 1300 °C is shown in Figure 7, where with existence of liquid phase, two
three-phase regions fcc + NigTa + bce-(Cr) and NisTa + bee-(Cr) + (Ni, Cr),Ta(HT) disappear and
are replaced by four confirmed three-phase equilibria, fcc + bee-(Cr) + L, fcc + NigTa + L, bee-(Cr) +
(Ni, Cr);Ta(HT) + L and NizTa + (Ni, Cr),Ta(HT) + L. The other three-phase regions are similar to
the isothermal sections at 1200°C, where the three-phase equilibria, NizTa + NiyTa + (Ni, Cr),Ta(HT),
Ni,Ta + NigTay + (Ni, Cr),Ta(HT) and NigTay + bce-(Ta) + (Ni, Cr),Ta(HT), were determined and the
other three were inferred. With the temperature rising to 1300 °C, a liquid phase was identified near
the Ni-Cr side alloys. It is evident that the Ta addition to the Ni-Cr alloys decreases the melting point
of the Ni-Cr eutectic alloys in consideration of the eutectic reaction L — Nigy + Crs4 at 1345 °C.

3.3. The Liquid Region

As can be observed from the microstructure in Figure 4c and isothermal section at 1300 °C, a
liquid phase was confirmed at 1300 °C. However, according to the experimental results in the three
subsystems, no liquid phase exists at 1300 °C. In order to confirm the experimental results in the
present work, the DSC analysis was conducted to obtain the melting point of the related alloys. On the
basis of DSC result and microstructure in Figure 8, the bcc-(Cr) phase transformed to liquid phase
as the temperature increased from 1200 °C to 1285 °C and the melting point of the bcc-(Cr) phase in
the Ni5; CrygTay; alloy was measured to be about 1237 °C. Owing to the liquid phase that appeared
near the Ni-Cr side, we supposed that the Ta addition in Ni-Cr alloys decreases the temperature of the
eutectic reaction, L — fcc + bec-(Cr). The corresponding results indicate that the Ta addition reduces
the melting point of the Ni-Cr alloys.
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Ni, Cr),Ta(HT)

(b) the Ni; Cr,,Ta, alloy

the Ni_ Cr, T 11 2%
(a) the Ni, Cr,qTa,, alloy annealed at 1285°C for 3 h

8 - annealed at 1200°C for 35 days
T _(1237°C)

Endothermic mW/mg

Heating curve

. . T . T . I , T
1180 1200 1220 1240 1260 1280 1290

Temperature / °C

Figure 8. The heating curve of the Ni5 CrygTay; alloy and microstructure annealed at (a) 1200 °C for 35
days; (b) 1285 °C for 3 h.

4. Conclusions

In the present work, the isothermal sections of the Ni-Cr-Ta ternary system at 1200 °C and 1300 °C

were experimentally established. The corresponding results are shown as follows:

1)

@)

®)

The solubility of Cr in NigTay phase was about 41.6 at. % at 1300 °C, and no ternary compound
was found at two sections.

The high temperature (Ni, Cr);Ta(HT) (MgZn,-type) phase with a large composition range was
determined at both two temperatures, which was stabilized by the Ni addition to Cr-Ta alloys
against low temperature, and its solubility increased as temperature raise from 1200 °C to 1300 °C.
A small liquid region was confirmed at 1300 °C, while it disappeared at 1200 °C. The results
indicate that the addition of Ta reduced the melting point of the Ni-Cr alloys.
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