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Abstract: The experimental methods for phase diagram determination were reviewed. Comparing with the traditional
methods for phase diagram determination, the Cr-Ni-Ru ternary system was employed to illustrate the high efficiency
and accuracy of the diffusion multiple technique in the binary and ternary phase diagrams determination. Based on the
calculation of phase diagrams (CALPHAD) approach, thermodynamic assessments were performed in the Cr-Ru and
Cr-Ni-Ru systems to expound the procedure of the establishment of the Cr-Ni-Ru thermodynamic database. The reasons
resulting in the inefficiency of the development of nickel-based superalloys were also discussed. The results show that
high-throughput experimental and computational methods for efficiently predicting and establishing the relationships
among composition, phase, microstructure and property are fundamental importance for promoting the development of
nickel-based super alloys.
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Fig. 1 Application of diffusion-multiple approach to study of Ti-base phase diagrams; (a) 1000 C isothermal section of Al-Cr-Ti

system based on more than 100 equilibrated alloys obtained by SHAO et al''}; (b) Cross-sectional view of Ti-Cr-TiAl;-TiSi,

diffusion multiple; (c) 1000 C isothermal section of Al-Cr-Ti system obtained from tri-junction region in diffusion multiple sample

shown in (b)

2 Cr-Ni-Ru =t RZHEMZEEN
E

2.1 Cr-Ni-Ru =T RBE AR

B R eSS G2 R Tas Mo WA Re 25 80
WA, ERA I R T rT RE 2 T K A F16 TCP
A, BEEEREAR T AN R, AR
PP b Ru (R8I0 mT LA A 5 & 42 1 4127
FasEtE, i TCP AHMITE A, X BAEAF Ru JTTEBCH
S VORI il S S bR BT R . TR i A 4
1, ALFI Cr 2L EE A 805, ALF Cr il LU
HA AR RE ), T H. ALt SR A
R WITE. AT HME Ru TTEAEL TS
S /EFIPLEE, Ni-Al-Cr-Ru DU 7eA 2R AR, 2
Al-Ni-Ru Al Cr-Ni-Ru = JCR AW EEK. Hur,
Al-Ni-Ru = otk RAME AT 4% R4, H
Cr-Ni-Ru = 70 & & H A 18 > 1 5= 5 % 4 -
CHAKRAVORTY 25171 ZHUMS 3 51 ) H AT AN [F)
BRI 2 AN 4R 4 NG oK E Cr-Ni-Ru — Gk R
(AR B SRR, DRI, At AT gl o 5 SRS 2
PR R A Y B, T LV RS A kb A e S A X
(FCC(Ni). BCC(Cr). HCP(Ru)5 o #IKIAHiL 5

o AT — i U1K TCP A, o AHIHT X i &
SRR B A REW, & e St i
FUEE B2, L, KEHIE Cr-Ni-Ru AR o
FHIIARIL S5 R AR AR I U BN T REf# S Ru 4R
KA et o HE RN EE N SR X.

[, 5831 Cr-Ni-Ru =GRS 3ds, o LUH 1%
IR =, IRAFHER AR IR 5 AT E
ReR ISP &S24, B d LT 5E Cr-Ni-Ru =

2.2 Cr-Ni-Ru-NiAl-RuAl # 8% TRt 551&
ZHU 25%)@ 144614 Cr-Ni-Ru-NiAl-RuAl § %
JCT, RGHINE T Cr-Ni-Ru =JC R AHELE 1200,
1000~ 900 F1 800 °C [ 55 1fl » Cr-Ni-Ru-NiAl-RuAl
P HZ SRR E 2 s, HAg, B 2
2(b) I 7= 43 9 A A HL 22 07T TR R A T N A A 1 s
Ko BAMZ Ni FIRAMNZE Cr 3976 ¥ #iZ a 11 1)
8, HAE %M Niv Rus NiAl F1 RuAl #1785, &
a7 Mk Ni(99.98%, JiE %) Cr(99.95%)
Ru(99.95%) M2 £ 4z NiAl. RuAl %14 2(a)F1 2(b)FT7r )
FEFHATE DR UIRIG RS ATEE . Jok. S
WIEVEIS, AR T A% . AR5 SR B8 7 R
$(Electro-beam welding, EB-welding){F2H %% 5 A FF
(1) BN Wy o R — AN RS 5 mm R . X
AT A HZ 0 NIRRT — AN e s B I A
B, BN R B2 JC AR AT S (Hot
isostatic pressing, HIP)Ab¥ . HIP £ 200 MPa @S54
BEHh AT 1200 CHLEE FIEAT, £R¥F 4 ho 75 1200 CE
T, 200 MPa (145 H ) ] S 82 701 kA B4R,
bo TR i N R A e | e e SR T TETE 73 L P D R ST
4 h, AHE A SR 25 AR R BRI LA O
%, TERAH N A 82, T SC3E— 2k 1 S it 1]
Wis. @bl EPR, s T — 4



25 11

KA, S B L O G A SR B B e R e S O A 2957

G))
Assembling ) HIP‘“;d s Slicing = Annealing =ssssd Evaluating
1200 C, at selected SEM
Ni[ (Rual|NiAl ; 200 MPa temperatures EPMA
i Ni 5
\\w / / ¥4 51200 C for 700 h
C
v S 3
16 mm oA —> 1000 C for 1040 h
25 mm
38 mm
A —> 900 C for 1040 h
(b) 5 mm
Ru | Ni g >4 —> 800 °C for 1050 h
. . E
Ni CrRuAlNiAl Cr{ Ni .
©
5 mm

2 Cr-Ni-Ru-NiAl-RuAl ¥ 852 7615 11 41285 5 il 4%

Fig. 2 Assembly and fabrication of Cr-Ni-Ru-NiAl-RuAl diffusion: (a) Cross-sectional view; (b) Vertical view; (c) Schematic

diagrams of fabrication processes
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Phase diagram determination of Cr-Ni-Ru ternary system: (a) SEM BSE image of Cr-Ni-Ru tri-junction of

Cr-Ni-Ru-NiAl-RuAl diffusion multiple sample annealed at 1000 ‘C for 1040 h; (b) Schematic diagram of (a) showing phase

distribution; (¢) 1000 ‘C isothermal section obtained by performing EPMA across phase interfaces
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Fig. 4 Establishment of thermodynamic database of Cr-Ni-Ru
ternary system: (a) Calculated binary Cr-Ru phase diagram; (b)
Calculated 1000 °C isothermal sections compared with

experimental data extracted from diffusion multiples
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