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Abstract

The o -phase of the Re-Cr-Ni alloy as the diffusion barrier layer was sandwiched between a
Ni-based superalloy and Ni-aluminides in the Al-reservoir layer. To elucidate the properties of the
Re-Cr-Ni alloy, information regarding its phase diagram and diffusivity is required. It is essential to determine
the structural stability of the sandwiched Re-Cr-Ni alloy layer. In the present study, the phase diagrams in the
Re-Cr-Ni, Ni-Al-Re and Ni-Al-Re-Cr systems at 1150°C were investigated. Compositions with tie-lines
between the o-Re3;Cr, and (7 -Ni, ¥ ’-NizAl and B -NiAl) phases in the quaternary Ni-Al-Re-Cr system
were investigated by vacuum heat-treated quaternary Ni-Al-Re-Cr alloys at 1150°C for up to 2500 hours.
The tie-lined composition of each phase at 1150°C was experimentally determined as follows. The o -phase
tie-lined with the 7 -phase (73.5at%Ni, 14.6at%Al, 2.9at%Re and 9.0at%Cr) consists of 56.7at%Re,
25.0at%Cr, 18.1at%Ni and 0.2at%Al. The o-phase tie-lined with the y’-phase (73.6at%Ni, 21.0at%Al,
1.2at%Re and 4.2at%Cr) consists of 58.3at%Re, 25.0at%Cr, 16.6at%Ni and 0.1at%Al. The o —phase
tie-lined with the B -phase (50.2at%Ni, 48.7at%Al, 0.3at%Re and 0.8at%Cr) consists of 61.1at%Re,
32.5at%Cr, 5.2at%Ni and 1.2at%Al. When an Al-rich j (56.0at%Al) phase is introduced into the Al-reservoir
layer, this will result in the decomposition of the o—phase, while the concentration of Al in the Al-reservoir
layer is between 7 (14.3at%Al) and S (48.7at%Al) phases, the o—phase will be able to be maintained for a

long time.
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Teble 1  Nominal compositions of alloys (at%).
(a)Re-Cr-Ni system
Sample Re Cr Ni
#RCN1 (Re-35Cr-45Ni) 20 35 45
#RCN2 (Re-54.2Cr-34Ni) 1.8 | 54.2 | 34
#RCN3 (Re-60Cr-28Ni) 12 60 28
#RCN4 (Re-27.6Cr-60.1Ni) | 12.3 | 27.6 | 60.1
#RCN5 (Re-25Cr-25Ni) 50 25 25
#RCN6 (Re-20Cr-25Ni) 55 20 25
#RCN7 (Re-13.3Cr-63.7Ni) | 23 13.3 | 63.7
#RCN8 (Re-75Cr-22Ni) 3 75 22
#RCN9 (Re-63Cr-9Ni) 29 63 9
#RCN10 (Re-17Cr-23Ni) 60 17 23
#RCN11 (Re-60Cr-18Ni) 22 60 18
#RCN12 (Re-65Cr-15Ni) 20 65 15
#RCN13 (Re-60Cr-28Ni) 12 60 28
#RCN14 (Re-15Cr-55Ni) 30 15 55
#RCN15 (Re-20Cr-10Ni) 70 20 10
(b)Ni-Al-Re system
Sample Ni Al Re
#NAR1 ( Ni-18.2Al-9.1Re ) | 72.7 | 18.2 9.1
#NAR2 ( Ni-45.4A1-9.1Re ) | 45.5 | 45.4 9.1
#NAR3 ( Ni-27.3Al1-9.1Re ) | 81.8 | 27.3 9.1
#NAR4 ( Ni-50.0Al-9.1Re ) | 63.6 | 50.0 9.1
#NARS5 ( Ni-9.1Al-9.1Re ) 40.9 9.1 9.1
#NAR6 ( Ni-54.5A1-9.1Re ) | 36.4 | 54.5 9.1
(c)Ni—Al-Re—Cr system
Sample Ni Al |Re| Cr
#NARC1 ( Ni-16.9A1-8.4Re-7.0Cr) |67.7|16.9|8.4| 7.0
#NARC2 ( Ni-41.7Al-8.3Re-8.3Cr) |41.7|41.7|8.3| 8.3
#NARC3 ( Ni-7.7Al-7.7Re-15.4Cr) |69.2| 7.7 | 7.7 |15.4
#NARC4 ( Ni-26.9Al-7.7Re-15.4Cr) | 50.0 | 26.9 | 7.7 | 15.4
#NARC5 ( Ni-42.3Al-7.7Re-15.4Cr) | 34.6 | 42.3| 7.7 | 15.4
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Fig.1

Cross sectional microstructure for the
as—-melted sample #RCN1(Re-35at%Cr-
45at%Ni).(6)

(a)macrostructure and (b)microstructure.
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Fig.2 Cross sectional microstructure and concentration profiles of Re, Cr and Ni measured
along lines on the sample #RCN3(Re-60at%Cr-28at%Ni) after heat-treatment at 1150°C

for 2000h.(7)
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Fig.6 Cross sectional microstructure and
concentration profiles of Ni, Al and Re
measured along lines on the sample
#NAR3(Ni-27.3at%Al-9.1at%Re) after
heat-treatment at 1150°C for 1000h.(10)

Re
0_100

@ Present
investigation

20
Re,Al

100
Al0

20

40 60

at%Ni

80 100 Ni

Fig.7 Isothermal section of the Ni-Al-Re

system at 1150°C obtained from the
previous investigation.(10)

at%ANE & T 5L ED 5.9at%Ni ITIETL,
(2 AlBREIL 0.1at%Al /5 1.8at%Al (2N
¥5.

Ni-Al-Re RIKEERICEHL TIE, Bl SN yHEE v’
HOZHEEICH +5 Re OmxKEAE(1200°C)%
wELTLBH(IND, FEMERIIFREF AL,
®-T, AETIEYy, v BELUBLHEFTD Re E
BELOHTO A BLIUN BEBFIEFHLH,ICL,



1M50°COFRIMEARZHAL MLz, BF, HRERE
TIERAEHLEE#DG, (v', B, §)D=EHXEFME
BERETHENTELGM ST,

3.3 1150°CI= &1+ % Ni-Al-Re-Cr R&H DI T
&R

Ni-Al-Re-Cr Z&£ICH T2 HBES L UET
ROEENHTHERO—HIE LT, Fig. 812 1150°CT
2500h #ALIE % (2K 2H L -5 # # NARCH
(Ni-16.9at%Al-8.4at%Re-7.0at%Cr) D ¥ & = & O
ML ETROREDTZERT(12). ()TIEAED
o ANERED yHICEEA, TORBIZITRRE
Dy’ ALY, —A, (b)TIE o Ay’ FEIC
HEN-HEBTHLI LML =HEEHEZALTLS.
LFHADETEDRESFIE LWIFhIHAREOHR
FEE2um QOFEE)EFRL EIFIF—FITHE-TLS.

Fig. 9 &, ZE&SHAYER L T= 1150°CD Re-Cr-Ni
RB LU Ni-Al-Re RIRERI L, Kitajima 5I12&5
1150°C®D Ni-Al-Cr RIKREE(13)ZRL, AT T 7
DRBIIZHOREHEBEEZTNETARLTLD. &
8. Ni-Al-Re-Cr ZDKERIZ(FIREFIA L=,
Re-Cr-Ni ZIKEERITIZ Al &, Ni-Al-Cr RIKEER T

X Re ZARJ S JOESARIZEFRENERLL:
(12). Ff=, KB/X T CrZARXT S 7DEI AR
(2% L1z Ni-Al-Re RIKRERI% Fig. 9 HIZEEEL,
N =TRREKDOMEEE NS Ni-A-Re-Cr RE
HOEZRBERIZOVWTRET Lz, BHROERENS,
UTD &S HERNR SNt

#® B # NARC1 2 & v T
Re-25.0at%Cr-18.1at%Ni-0.2at%Al DFERK %
A9 % 0flE, 29at%Re & 9.0at%Cr 8T
v (14.6at%ANtE & & BERICHSD. Ff-,
Re-25.0at%Cr-16.6at%Ni-0.1at%Al DA%
ET504(F, 1.2at%Re & 4.2at%Cr &L
v’ (21.0at%AI)E & £EBERICH S.

2 O# # NARC2 2 & WV T
Re-32.5at%Cr-5.2at%Ni-1.2at%Al @ 8 &% %
AT 5 0#I%, 0.3at%Re & 0.8at%Cr &8¢
B (48.7at%AlE & £ E&ERICHD.

#® B # NARC3 2 & LV T
Re-36.2at%Cr-15.9at%Ni-0.2at%Al DAL %
A3 % 0HF, 2.0at%Re & 13.2at%Cr &
Ty (14.3at%ANE & £EZBERIZHD.

- A##NARC4 [ZH UL T, Re-39.3at%Cr-14.6

g —phase g —phase
(a) 7’'-phase
¥ ~phase
100 100 Y-—=2HM
L w0l o [ . T
Qé 80 Ni 80 % 80
%) i ® " 3]
= £ 60
S ]
s s
= =
[:1] L L]
(%] (%]
= r | =
o 3 o
(8] W» [&]
mi Cr
6 -3 sRe g
Distance, d/um Distance, d/pm Distance, d/pm
Fig.8 Cross sectional microstructures and concentration profiles of Re, Cr, Ni and Al

measured along lines on the sample #NARC1(Ni-16.9at%Al-8.4at%Re-7.0at%Cr)
after heat-treatment at 1150°C for 2500h.(12)
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Fig.9 Terminal composition of each phase in the Ni-Al-Re-Cr system at 1150°C obtained

from the present investigation.
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