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Tie-Lined Compositions of the y and ¢ Phases in a Ternary Re—Cr-Ni System at 1423 K

Shigeru Saito!, Kazuya Kurokawa?, Shigenari Hayashi3, Toshiyuki Takashima! and Toshio Narita?

LHokkaido Institute of Technology, Sapporo 006-8585

2Center for Advanced Research of Energy Conversion Materials, Hokkaido University, Sapporo 060-8628
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Compositions with tie-lines between the o, y, and J phases in a ternary Re-Cr-Ni system were investigated at 1423 K by
heat—treating various ternary Re—Cr-Ni alloys and a binary Re—40 at%Ni alloy in vacuum for times up to 8640 ks. The micros-
tructures of the Re—containing alloys which had been water—quenched after various heating times were observed and their con-
centration profiles for Re, Cr and Ni were measured using an electron probe micro-analyzer. The Re-Cr—Ni alloys consisted of the
y phase with either the o or d phase. It was found that concentration profiles of the y phase became flat after short heat treatment,
but longer times of up to 8640 ks were required to achieve the same effect for the o and J phases.

As the Cr contents increased (i.e., Re contents decreased) in the y phase, the solubility limits of Ni in the ¢ phase tie-lined
with the y phase increased from 19 at% Ni to 24 at% Ni. The & phase tie-lined with the y phase (11.8 at% Re, 11.5 at% Cr, and 76.7
at%Ni) has 71.1 at%Re, 3.2 at%Cr, and 25.7 at%Ni. The Ni contents in the § phase in a binary Re-Ni system are 30 and 35
at% Niat 1573 and 1773 K, respectively. It was concluded that compositions of the y phase tie-lined with the ¢ and J phases coin-
cided with those in the calculated and experimentally determined phase diagrams, respectively.
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Table 1 Nominal compositions of alloys (at%).

Alloy Re Cr Ni
#1 (Re-35Cr-45Ni) 20 35 45
#2 (Re-54.2Cr-34Ni) 11.8 54.2 34
#3 (Re-60Cr—28Ni) 12 60 28
#4 (Re-27.6Cr-60.1Ni) 12.3 27.6 60.1
#5 (Re-25Cr-25Ni) 50 25 25
#6 (Re-20Cr-25Ni) 55 20 25
#7 (Re-13.3Cr-63.7Ni) 23 13.3 63.7

5 mm

Fig. 1 Views for the alloys. (a) pellet, (b) as—melted alloy,
and (c) a two-halve of the alloy.
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Fig. 2 Cross sectional microstructures for the as—melted sam- A, HEOTDICRT. SHIZED, WINOMILL y
ple #1(Re-35at%—45at%Ni). (A) macrostructure and (B) Heé o lHOEMERTA. 612, yHE o HORMIFH %
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Fig. 3 Cross sectional microstructures and concentration profiles of Re, Cr and Ni measured lines for the sample # 1 (Re—-35 at%-45
at%Ni). (a) as—melted alloy, (b) and (c) after heat—treatment at 1423 K for 3600 ks and 8640 ks.



w o ®

1423 K (Z451) % Re-Cr-Ni %k y #H & o tHOILEA 611

| g

70 70 —oum
_. 60 _. 60
=) =
S G
~ 50 ~ 50
() (Y
< 40 < 40
2 =
® 30 S 30
fur b
[ = [

3 20 2 20
[ [
83 S

10 10

0 1 | | 1 1 | 1 1 | 0

-6 -4 -2 0 2 4 6 -6
Distance, d/um

-4 -2 0 2 4
Distance, d /um

Fig. 4 Cross sectional microstructures and concentration profiles of Re, Cr and Ni measured lines for the sample # 1(Re-35 at% Cr—
45 at%Ni). (A) macrostructure, and (B) microstructures of (a) and (b) in (A) after a heat—treatment at 1423 K for 8640 ks.
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Fig. 5 Cross sectional microstructure and concentration pro- Fig. 7 Cross sectional microstructure and concentration pro-
files of Re, Cr and Ni measured lines for the sample #2(Re- files of Re, Cr and Ni measured lines for the sample #7(Re—
54.2 at%Cr-34 at%Ni) after a heat-treatment at 1423 K for 13.3 at%Cr—63.7 at%Ni) after a heat-treatment at 1423 K for
8640 ks. 6840 ks.
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Fig. 6 Cross sectional microstructures and concentration profiles of Re, Cr and Ni measured lines for the alloys after heat-treatment
at 1423 K for 5400 ks.

(a) sample #3(Re-60 at% Cr—28 at%Ni), (b) sample #4 (Re-27.6 at% Cr-60.1 at%Ni), (c) sample #5(Re-25 at% Cr-25 at% Ni)
and (d) sample #6(Re-20 at%Cr-25 at%Ni).
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Table 2 Terminal compositions (at%) of the y, g, and J phases
in a Re-Cr-Ni system obtained from the heat-treatment at 1423
K for up to 8640 ks.

y—phase o-phase Jd—phase

Sample
Re Cr Ni Re Cr Ni Re Cr Ni

#1 46 321 633 367 438 195
(0.3) (0.8) (0.8 (0.7) (1.0) (0.8)

#9 3.0 391 579 23.0 550 22.0
0.3) (0.6) (0.7) (0.7) (0.6) (0.6)

26 434 540 17.0 59.6 234

#3502 0.8 (05 (09 (L0) (0.4
44 AT 3BT 596 309 484 207
03 0.6 05 06 03 0.6

#5 82 242 676 46.8 32.7 205
(0.3) (0.5 (0.6) (0.7) (0.5 (0.6)

#6 85 21.8 69.7 488 302 21.0
(04) (0.3) (04) (0.8) (0.6) (0.7)

a7 118 115 767 711 32 257
0.3) (0.3) (0.6) (1.0) (0.2) (0.9

Re
0 20 40 60 80 100

@ Present investigation

Fig. 8 Tie lines obtained in the present investigation plotted
on the phase diagram of Re-Cr—Ni ternary system reported by
Slyusarenko et al.

Re

0 20 40 60 80 100

@ Present investigation

Fig. 9 Tie lines obtained in the present investigation plotted
on the phase diagram of Re-Cr-Ni ternary system reported by
Huang et al.
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Fig. 10 Cross sectional microstructures and concentration
profiles of Re and Ni measured along lines for the Re—40Ni alloy
after heat-treatments.

(a) for 7560 ks at 1573 K and (b) for 86.4 ks at 1773 K.
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Fig. 11 Compositions of the y and J phases of a binary Re-Ni
system in contrast to those reported by Nash et al., Narita, and
Neubauer et al.

Zeid, R Qum) k< &, fxlaty Ths T tn
5, yHEDORED D 2 um OHiPH % B\ 7ol A T RUFIIC R
AL7:. ZOkHE, §HO NiEEE, Fig. 11ICRd XD
1573 K T 30at% CTH 1V, 1773 K TH 35at% Th - 7-.
B 5194 F /2, JREoER ) 5 1373~1573 K OHiH Tk
k% 28~30at¥% &% EaHEL TWb. Fig 111243,
Neubauer et al'® OFERLRL TW54. bbb, KEBRO
FERIIBER OIS FRRIC L AR L~ AT LWL
Lirodz. IxE, y O Re BBERICOWTE, BE#HOG
BB LUOEBRREN T BT HER LT 7.

6. =]

il

1423 K iZ2 81 % Re-Cr-Ni % y #l & o HOILEMKIC D
W, 7— 7R 72 Re—Cr-Ni &4 % H22 Tt & 8640 ks
OB KFEAS L -GS OMEmMkEs - EPMA IZ
k% Re, Cr BLU' NI DRESMOBED L, EERAIZHR
EL7. BONERE, DTOoX2CEYIh5.

(1) 7= WML 7o I IALIC & - TR Rk
D, LTIy HEE o HOBMMLHEMEZHL, 8640ks DEL
PRI & - T, PEHEBAE O N,

(2) yHEEEBARICH S o HO Ni BElEET 19~24 atk%
DOHFFICH D, o HHO CriE T y HO CriREO EAIC X
DHEKT A, 7, oD Cr & NiEEEZ, BEMoziak

T &

REROZENG & —3% T 5.

(3) y M (11.8at%Re, 11.5at%Cr, 76.7 at% Ni) & L £ Bg
FfRICH 5 o fHD Re, Cr 35 LU Ni DS 71.1 at%Re, 3.2
at%Cr B8 LU 25.7at%Ni TH D, FERREROZN & —
T 5.

(4) Re-Ni —JiRD 6-Re #H~ D Ni EE &L, 1573K T
#30at%, 1773 K T#135at% Th D, EEMOILHx KR
IZEBEBRREROZNG & —FK T 5.

ARG, SCRRFEE R DR SERR SIEE B ot GRE 5
16001004) 2> & OB A 21 TH SNz DTH 5.

X ik

1) K. Tukagoshi, A. Muyama, J. Masada, Y. kawata, S. Uchida, I.
Okada and E. Ito: Mitsubishi Heavy Industries Technical Rev-
iew 42(2005) 98-103.

2) Y. Yoshioka, H. Doi, J. Takeda, K. Namba, I. Okada, K. Take
and T. Ito: Journal of the Gas Turbine Society of Japan
32(2004) 130-173.

3) M. Yoshiba: Engine Technology 6(2004) 40-46.

4) Jurgen Muller and Dieter Neuschutz: Vacuum 71(2003) 247-
251.

5) Y. Fukuizumi, S. Shio, H. Arimura, R. Umakoshi and S. Uchida:
Mitsubishi Heavy Industries Technical Review 40(2003) 194—
199.

6) H. Harada and T. Yokokawa: Journal of the Gas Turbine Socie-
ty of Japan 31(2003) 53-60.

7) M. S. Ali, Shenhua Song and Ping Xiao: Journal of Materials
37(2002) 2097-2102.

8) T. Kubo, K. Takaki and K. Kitayama: Toshiba Review
58(2003) 60-63.

9) T. Narita, T. Izumi, T. Nishimoto, Y. Shibata, Kemas Zaini
Thosin and S. Hayashi: Mater. Sci. Forum 522-523 (2006) 1-
14.

10) H. Matsumaru, S. Hayashi and T. Narita: Mater. Sci. Forum
522-523(2006) 285-292.

11) T. Narita: Journal of High Temperature Society 28(2002) 135—
143.

12) S. Saito and T. Takashima: Symposium on Materials and Systems
for Energy Conversion, (2005) 245-250.

13) E. M. Slyusarenko, A. V. Peristyi, E. Yu. Kerimov, M. V. Sofin
and D. Yu. Skorbov: J. Alloy. Compd, 264 (1998) 180-189.

14) W. Huang and Y. A. Chang: Mater. Sci. Eng A259(1999) 110-
119.

15) C. M. F. RAE and R. C. REED: Acta. Mater 49(2001) 4113-
4125.

16) A. Nash and P. Nash: Bull. Alloy Phase Diagrams 6 (1985) 348-
350.

17) H. Okamoto: J. Phase Equilib 13(1992) 335.

18) C. M. Neubauer, D. Mari and D. C. Dunand: Scr. Metall. Mater
31(1994) 99-104.

19) S. Narita: Master’s thesis, Graduate School of Hokkaido Univer-
sity, (2003).



