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Table 1 Composition of DD476 alloy (/%)

Nominal Measured
Element L .-
composition composition

Al 5.5~6.5 5.8

Ti 0.3~0.7 0.5

Ta 4.0~5.0 4.74
Cr 3.5~4.5 3.66
Mo 0.8~1.2 1.04
w 45~5.5 5.06
Re 3.5~45 4.06
Ru 3.5~45 3.66
Hf 0.05~0.15 0.078
Si <0.2 0.13
Ni Bal. Bal.
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Fig.1 Microstructures of as-cast DD476 alloy: (a) dendrite core

and interdendritic; (b) y/y’ eutectic
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Fig.2 Morphologies of y’ phase (a) and y/y’ eutectic (b) of as-cast
DDA476
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Table 2 EDS analysis results of p/y’ eutectic regions marked in Fig.3 for DD476 (/%)

Region Al Ti Ta Ru Mo W Ni
1 7.25 1.27 10.14 1.90 412 0 3.18 72.14
2 7.01 1.11 8.85 2.06 3.80 1.28 291 72.98
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Fig.4 Differential thermal analysis curve of as-cast DD476 alloy

during heating
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Fig.5 Microstructures of DD476 alloy under different solution heat treatments: (a) 1310 ‘C/3 h, AC; (b) 1310 ‘C/3 h+1325 ‘C/3 h, AC;
(c) 1310 °C/3 h+1330 "C/3 h, AC; (d) 1310 °C/3 h+1335 ‘C/3 h, AC; (e) 1310 ‘C/3 h+1340 ‘C/3 h, AC
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Fig.6 Re-precipitated y’ phase morphologies of DD476 under different solution heat treatments: (a) 1310 ‘C/3 h, AC; (b) 1310 C/3 h+
1325 “C/3 h, AC; (c) 1310 ‘C/3 h+1330 ‘C/3 h, AC; (d) 1310 C/3 h+1335 ‘C/3 h, AC; (e) 1310 ‘C/3 h+1340 ‘C/3 h, AC
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Fig.7 Morphology of furnace cooling y’ phase at 1340 °C after

solution heat treatment
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Fig.8 EPMA mapping results of Al (a, g), Ti (b, h), Ta (c, i), Re (d, j), W (e, k), Ru (f, I) of DD476 alloy as-cast (a~f) and after solution

heat treatment at 1340 ‘C(g~I)

R 3 K 1340 CREIARAIE R # DD4A76 & & % & T (DC)FAF: & 18] (1D) BY F 1 X 2 K fm i R 51

Table 3  Average composition of dendritic core (DC) and interdendritic (ID) regions and the resulting partitioning coefficients

(k") of DD476 alloy as-cast and after solution heat treatment at 1340 C (w/%)

As-cast After solution heat treatment at 1340 C
Element
DC ID k' DC 1D k'
Al 3.28 3.98 0.82 5.16 5.45 0.95
Ti 0.61 0.93 0.65 0.87 0.86 1.01
Ta 2.90 4.73 0.61 5.37 5.59 0.96
Re 5.24 2.48 2.11 5.84 4.42 1.32
w 6.28 3.59 1.75 8.21 7.77 1.06
Ru 3.17 3.01 1.05 4.28 4.10 1.04
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Fig.9  Morphologies of y' phase for DD476 single crystal
superalloy after aging treatment: (a) 1100 ‘C/4 h, AC;
(b) 850 “C/24 h, AC
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Fig.10  Microstructures of DD476 alloy after solution heat

treatment and secondary aging treatment
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Table 4 Stress-rupture properties for DD476 alloy at typical

temperature

Temperature/ Load stress/ Time/ Elongation/ Area reduction/
C MPa h % %
950 300 402.67 30 36
1150 100 80.17 17 53

450
400 - -
350 -
300

250 -

u
200 e
150}

100 |
50

Stress Rupture Time/h

0 1 1 1 1 1
CMSX-4 SC-180 MC2 Rene N5 DD476
Alloy

B 11 AFEA4TE 950 ‘C/300 MPa T A b 54 75 i Xt L
Fig.11 Stress rupture time of different alloys at 950 “C/300 MPa
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Fig.12 Stress rupture time of different alloys at 1150 ‘C/
100 MPa
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Effect of Solution and Aging Heat Treatment on Microstructures and Stress Rupture
Properties of Fourth Generation Ni-Based Single Crystal Superalloy

Zeng Qiang', Chen Xuhui'?, Wu Baoping, Yan Ping', Yu Xiaohua?
(1. High Temperature Materials Institute, Central Iron & Steel Research Institute, Beijing 100081, China)
(2. Faculty of Materials Science & Engineering, Kunming University of Science and Technology, Kunming 650032, China)

Abstract: Effect of solution and aging heat treatment on microstructures and stress rupture properties of a fourth generation Ni-based
single crystal superalloy with content of 4.0wt% Re and Ru was investigated. The results show that the as-cast alloy exists significant
composition segregation. Due to less Al and Ti elements, interdendritic y/y’ eutectic content is low. During the solution heat treatment, the
eutectic is almost dissolution after 1310 <C. However, the differences between dendrite core and interdendritic is completely eliminated
until 1340 <C and the segregation of other elements except Re is significantly improved. The advantage of the fourth generation Ni-based
single crystal is to improve the mechanical properties at high temperature, especially stress rupture properties. After solution and aging
heat treatment, the stress rupture life of DD476 is about twice than that of the second generation single crystal superalloy at 950 <C /300
MPa and is more than 10 times compared with the second generation single crystal superalloy MC2 at 1150 <C/100 MPa. There is no TCP
(topologically close-packed) precipitation during the whole heat treatment because of the addition of Ru element in DD476.

Key words: fourth Ni-based single crystal superalloy; solution and aging heat treatment; microstructure; stress rupture property
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