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Experimental Determination of Isothermal Phase Diagram at 1423 K in the
Ternary Re-Cr-Ni System
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Compositions with tie-lines between the y, o, g, and J phases in a ternary Re-Cr-Ni system were investigated by heat-treat-
ing various ternary Re—Cr—Ni alloys in vacuum at 1423 K for a variety of heating times up to 2500 h. The microstructures of the
Re-Cr-Ni alloys that had been water—quenched after heating were observed and their Re, Cr and Ni concentration profiles were
measured using an electron probe micro—analyzer (EPMA). It was found that a very long heat treatment was required to obtain
equilibrium compositions of Ar-arc-melted Re-Cr-Ni alloys.

The tie-line compositions (at%) of each phase at 1423 K were experimentally determined, and an isothermal phase diagram
was constructed. From these results, the y, o, and o phases of the three—phase coexistence state were found to have the following
compositions: y phase (3.0 at%Re, 45.6 at%Cr, and 51.4 at%Ni), « phase (16.1 at%Re, 75.2 at%Cr, and 8.7 at%Ni), and ¢
phase (16.3 at%Re, 60.3 at%Cr, and 23.4 at%Ni). In addition, the y, ¢, and & phases have the following compositions: y phase
(13.3 at%Re, 18.1 at%Cr, and 68.6 at % Ni), o phase (54.6 at% Re, 24.2 at%Cr, and 21.2 at%Ni), and ¢ phase (70.2 at%Re, 6.0
at%Cr, and 23.8 at%Ni).

The solubility limits of Ni in the ¢ phase increased from 19 at% Ni to 24 at% Ni, as the Cr content in the ¢ phase with a tie-line
with the y phase increased from 23 at% Cr to 61 at%Cr.

(Received October 22, 2007; Accepted November 29, 2007)
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Table 1 Nominal compositions of alloys (at%).

Alloy Re Cr Ni
#1 (Re-75Cr-
22Ni) 3 75 22
#2 (Re—63Cr-9Ni) 29 63 9
#3 (Re-17Cr—
23Ni) 60 17 23
#4 (Re-60Cr—
18Ni) 22 60 18
#5 (Re—65Cr-
15N1) 20 65 15
#6 (Re—60Cr—
28Ni) 12 60 28
#7 (Re-15Cr—
55Ni) 30 15 55
#8 (Re—20Cr—
10N1) 70 20 10
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Fig. 1 Cross sectional microstructures and concentration profiles of Re, Cr and Ni measured along lines for the alloys after heat—
treatments at 1423 K for 1500h. (a) sample #1(Re-75 at% Cr-22 at%Ni), (b) sample #2(Re-63 at%Cr-9 at% Ni) and (c) sample

#3(Re-17 at% Cr-23 at%Ni).
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Fig. 2 Cross sectional microstructures and concentration pro-
files of Re, Cr and Ni measured along lines for the alloys after
heat-treatments at 1423 K for 2000 h. (a) sample #4(Re—60
at%Cr-18 at%Ni) and (b) sample #5(Re-65at%Crl5 at%
Ni).
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Fig. 3 Cross sectional microstructures and concentration profiles of Re, Cr and Ni measured along lines on the sample # 6 (Re-60
at%Cr-28 at%Ni) after heat—treatments at 1423 K for 2000 h. (a) «/a, (b) o/y and (c) y/o.
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Fig. 4 Cross sectional microstructures and concentration profiles of Re, Cr and Ni measured along lines on the sample #7(Re-15
at% Cr-55 at%Ni) after heat—treatments at 1423 K for 2500 h. (a) é/a, (b) y/o and (c) y/d.
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Fig. 5 Cross sectional microstructure and concentration pro-
files of Re, Cr and Ni measured along lines on the sample #8
(Re—20 at% Cr-10 at%Ni) after heat—treatments at 1423 K for
2750 h.
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Table 2 Terminal compositions (at%) of the y, , ¢ and J phases in Re-Cr-Ni system obtained from the heat-treatment at 1423 K.

Sample Re yi%lrase Ni Re aipch: * Ni Re Ji%};ase Ni Re hglrase Ni
#1 1.2(0.1) 50.3(0.2) 48.5(0.2) 6.1(0.1) 80.0(0.2) 13.9(0.2)

#2 26.4(0.4) 71.0(0.5) 2.6(0.2) 35.1(0.5) 55.9(0.5)  9.0(0.3)

#3 56.2(0.6) 23.8(0.5) 20.0(0.5) 74.0(0.8) 5.6(0.3) 20.4(0.6)
#4 17.9(0.4) 74.4(03) 7.7(0.3) 185(0.4) 59.8(0.6) 21.7(0.3)

#5 21.000.1) 742(0.1) 4.8(0.1) 26.1(0.2) 58.8(0.5) 15.1(0.3)

#6 3.00.1) 45.6(0.3) 51.4(0.2) 16.1(02) 75.2(0.3) 87(0.1) 16.3(0.2) 60.3(0.7) 23.4(0.5)

#7 13.3(0.4) 18.1(0.3) 68.6(0.5) 54.6(0.3) 24.2(0.4) 21.2(0.3) 70.2(0.3) 6.0(0.3) 23.8(0.5)
#8 61.5(0.5) 28.6(0.7) 9.9(0.3) 87.6(0.5) 8.1(0.5)  4.3(0.4)

at% Re
O Present investigation O Present investigation
Fig. 6 Tie lines obtained in the present investigation plotted Fig. 8 Isothermal section of ternary Re~Cr—Ni system at 1423
on the phase diagram of ternary Re—Cr-Ni system reported by K obtained from the present investigation.
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