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Phase Equilibria and Tie-Lined Compositions in a Ternary Ni—Al-Re System at 1423 K
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Phase equilibria and compositions with tie-lines between the 6—Re, y, y', B, Ni,Al; as well as Re;Al and ReAl; phases in a ter-
nary Ni-Al-Re system were investigated at 1423 K by heat-treating of Ar-arc-melted Ni-Al-Re alloys in vacuum for times up to
3600 ks, followed by water—quenching and concentration measurements of Ni, Al and Re across the cross sections by using elec-
tron probe micro—analyzer (EPMA). The tie-lined compositions (at%) of each phase are summarized as follows. The -Re phase
tie-lined with the y phase (81.9 at%Ni, 15.9 at%Al, and 2.2 at%Re) has 18.8 at%Ni, 0.1 at% Al, and 81.1 at%Re. The 6—Re
phase tie-lined with the y" phase (77.0 at%Ni, 21.7 at% Al, and 1.3 at%Re) has 16.2 at% Ni, 0.3 at% Al, and 83.5 at% Re. The 6—
Re phase tie-lined with the 8 phase (50.8 at%Ni, 49.1 at%Al, and 0.1 at%Re) has 5.9 at%Ni, 1.8 at% Al, and 92.3 at%Re. The
Re,Al phase tie-lined with the B phase (45.8 at%Ni, 53.2 at% Al, and 1.0 at%Re) has 4.4 at%Ni, 33.4 at% Al, and 62.2 at%Re.
The ReAl; phase tie-lined with the Ni;Al; phase (39.2 at%Ni, 60.7 at% Al, and 0.1 at% Re) has 6.2 at%Ni, 75.9 at% Al, and 17.9
at% Re at 1323 K. There is no ternary intermetallic compound in the Ni-Al-Re system at 1423 K. Solubility limits of Ni and Al in

the -Re phase in binary alloy systems are 28.0 at%Ni and (0.1~1.2)at% Al, respectively.
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Table 1 Nominal compositions of alloys (at%).

Alloy Ni Al Re
#1 : Ni-18.2A1-9.1Re 72.7 18.2 9.1
#2 : Ni-45.4A1-9.1Re 45.5 454 9.1
#3 : Ni- 9.1A1-9.1Re 81.8 9.1 9.1
#4 : Ni-27.3A1-9.1Re 63.6 27.3 9.1
#5 : Ni-50.0A1-9.1Re 40.9 50.0 9.1
#6 : Ni-54.5A1-9.1Re 36.4 54.5 9.1
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Fig. 1 Cross sectional microstructure and concentration pro-
files of Re, Al, and Ni measured along a line for the as—melted
Ni-18.2 at%-9.1 at% Re alloy.



% 9 B

DATITITFE S5 TWAb. 0-Re HTIE y HEBB LU Yy M
R OB (B um) O T, Re & Ni OEEICHEARD
LENAHDIH LT, HETIRIZIEEDEEZRL TWA. *
7o, AlOERED, %45 k512, FEFITHI .

3.2 Ni-45.4 at%Al-9.1 at%Re EE DB LB TLRDRE
Pk

Fig. 313, 7 — 7 &M OWIN X 7 Dl LUETLFED
BESMERY. ChiD, WAL Rz 588 KEOHM%
DEEIhS. BAHL Az M3 Re & Ni k5 LU atX%
Al%&d -Re HHTH Y, KEOMMKITI NI & Al # 54
Re D&HEIFIFFIC/NS WL HTH S, 1423K T 360 ks
OB T, pHE -Re lHOWTNITEWTH, BES
Tﬁtﬁﬁ%#f% - 7.

Fig. 4 {3, 1423 K T 2250 ks(a) & 3600 ks (b) BULFEEL T
2 L7 EeOWm S 7 Bk E B ILEORE S i~ T.
kD, 2250ks BULEEL T, BHANDOEILROEET
FIFESLTHALDICK LT, 6-Re I TiIrAdil & FHECT&
TROBEENREPRDONS. —TF, 3600 ks BULIEEE C
i, MHAOLE (2 pm) #kk< &, A& 6-Re HOWIh
CBWTh, FLEOREIIIFIF EIl k> TWHI EAb
.

3.3 Ni-9.lat%Al-9.1at%Re E&DHEBEBLROERE
Pk

Fig. 513, 1423 K T 1440 ks OBUFEBZICELS L - &4
DWW X 7 0k L ETTROBE S Mrrd. ORI,
5, WAL B2 A5M#IERe ENiBIUABDO Al #EHT

(a) (b)

— b m
100 100 £
90 | 90 | Ni
—~ I a —~
S 80 S0
(] ' © r
~ 70t ~ 70
Q Q
.60 | . 60 &
S 1 S S
g 50 S 50 -
Sl Sl
540 540
[ F = 3
S0 | 830
S Bl Al
(&) 1 (&)
2t | S P
10 + 10 Re
0 4 0

Distance, d/um Distance, ¢ /um

Fig. 2 Cross sectional microstructures and concentration pro-
files of Re, Al and Ni measured lines for the Ni-18.2 at% Al-9.1
at%Re alloy after a heat—treatment at 1423 K for 3600 ks. (a)
y'/(6-Re)/y’, and (b) y/(6-Re)/y.
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Fig. 3 Cross sectional microstructure and concentration pro-
files of Re, Al, and Ni measured along a line for the as—melted
Ni—45.4 at% Al-9.1 at%Re alloy.
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Fig. 4 Cross sectional microstructures and concentration pro-
files of Re, Al, and Ni measured lines for the Ni-45.4 at% Al-9.1
at%Re alloy. (a) and (b) after a heat-treatment at 1423 K for
2250 ks and 3600 ks.
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Fig. 5 Cross sectional microstructure and concentration pro-
files of Re, Al and Ni measured lines for the Ni-9.1 at% Al-9.1
at%Re alloy after a heat-treatment at 1423 K for 1440 ks.
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Fig. 6 Cross sectional microstructure and concentration pro-
files of Re, Al and Ni measured lines for the Ni-27.3 at% Al-9.1
at%Re alloy after a heat-treatment at 1423 K for 3600 ks.
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Fig. 7 Cross sectional microstructure and concentration pro-
files of Re, Al and Ni measured lines for the Ni-50.0 at% Al-9.1
at%Re alloy after a heat—treatment at 1423 K for 3600 ks.
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Fig. 9 Changes in concentrations of Re in £ phase and Al in
the 6-Re phase as a function of annealing time for the Ni—45.4
at%Al-9.1 at%Re alloy. (a) Al in the 6-Re phase, (b) Re in g
phase.

Table 2 The concentrations (at%) of Re in y and y" phase, Re
in B phase and Al in the §—Re phase.
(a) Ni-18.2 at% Al-9.1 at%Re alloy

Phases 0 ks 360 ks 1440 ks 2250 ks 3600 ks

Reiny Gy G9  ©5 05 03

Re in y* G2 (63 65 3 2
AlinthedsRe (G35 (53 (3 (©62)  (62)

(b) Ni—45.4 at% Al-9.1 at%Re alloy

Phases 0ks 360 ks 1440 ks 2250 ks 3600 ks

Reind  @% (03 G2 02 (02
avnmesre  §F 0 GF 8 6B G5

Rt Jeds, Ni-ALROEHM(y, ¥, B) & -Re #H & O F i
BT, WIFNOBRESMAOFERICIE W TEH Re & NI D
BEARARO DN/, COMEEL TR, AL
EPMA O/ u—7FE XBORARIICEIHLDEEZD
N, XMOREFEBITL2um BE L FHINS. £, 8
% S > DORT M EEEL /25E, 0-Re HOIK
i3 Ni—AL RO EM (y, ¥, B) & 6-Re Wl & D FHITR L TH
T o-Re MNZEHIL TWA T EBTFHINA. /5T,
AT, Ni-ALROEM(y, v, ) & 6-Re #H L O FRE 25
2um DL EBEN /BB A EEMIIE Il TV 5
xR+ 5 & & L. Fig. 101CiE, Re EEO/EIC &
LR OB S E AR L, SMHEEP GIREL 72 Re BE
% Table 4 IC/Rd. TNk, 6-Re o Re OERES5Ah
A 0-Re HORMIZAME (D) 35 &, FREED 2 um Lh Ep
NI LB TOREGA D O O/E(Q) & BB & DAL &1L
N, I~ TatB Bl & 7 A —T, KFHSCTEA L 2ol
& ARE@ % 7B BIERR ZE OB N TITIE L T
5.
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Table 3 Terminal compositions (at%) of the -Re, y, ¥, B, and Re,Al phases in a Ni-Al-Re system obtained from the heat-treatment at

1423 K for up to 3600 ks.

Re Ni Al Re Ni Al Re Ni Al
Alloy Phase J-Re phase y—phase y'—phase
81.1(0.4) 18.8(0.4) 0.1(0.2) 2.2(0.4) 81.9(0.3) 15.9(0.2)
#1 83.5(0.3) 16.2(0.3) 0.3(0.2) 1.3(0.2) 77.0(0.5) 21.7(0.5)
2.2(0.4) 82.0(0.3) 15.8(0.2) 1.3(0.2) 77.3(0.5) 21.4(0.5)
#3 79.9(0.4) 20.0(0.4) 0.1(0.2) 3.3(0.3) 86.4(0.5) 10.3(0.3)
Alloy Phase J-Re phase B (49 at% Al)-phase Ni-rich g phase
#2 92.3(0.4) 5.9(0.6) 1.8(0.2) 0.1(0.2) 50.8(0.4) 49.1(0.2)
#4 90.9(0.7) 8.0(0.4) 1.1(0.3) 0.2(0.3) 62.7(0.8) 37.1(0.6)
Alloy Phase Re,Al phase Al-rich g phase
#5 62.2(0.5) 4.4(0.4) 33.4(0.2) 1.0(0.2) 45.8(0.2) 53.2(0.2)
o Table 4 The concentration (at%) of Re by the various ex-
100 @ .
| Re trapolation approaches.
= Alloy method®D method®
G #1 (o /5-Re) 78.7 83.5
p g
o #1 (y/0-Re) 75.0 81.1
S .6 #2 (B/6-Re) 88.8 93.9
-O € phase
o= 60 Re phase #3 (5/6-Re) 78.8 80.0
" L
o &0 | i #4 (B/6-Re) 83.8 91.0
S a0l #5 (B/Re,Al) 59.5 62.2
4&; L
» 30 F
-+ L
<
Q@ 20 r Re
8 | 0 @ ® 1423K
S 10l 100 00 1323K
O 6-Re
Re W Present investigation
0 —t—t (a) Re in v
g 19 80 (b) Ni in the 6-Re

Distance, d /um

Fig. 10 The composition of equilibrium by the extrapolation
of a concentration of Re.
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atB AN &P T 5 & 2D 5.9 at%Ni I T L, 5ifc Al
Ei%0.1at%Al 5 1.8 at Al ICHKd 5.
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Fig. 11 Tie lines obtained in the present investigation plotted
on the phase diagram of Ni-Al-Re ternary system.
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Fig. 12 Cross sectional microstructure and concentration pro-
files of Re, Al and Ni measured lines for the Ni-54.5 at% Al-9.1
at%Re alloy after a heat—treatment at 1323 K for 360 ks.
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Fig. 13 Cross sectional microstructures and concentration
profiles of Re and Ni measured along lines for the Re—40Ni alloy
after heat—treatment at 1423 K for 8640 ks.
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Fig. 14 Cross sectional microstructures and concentration
profiles of Re and Al measured along lines for the Re-20Al alloy
after heat-treatment at 1423 K for 360 ks.
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