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Abstract: High temperature alloy due to its excellent comprehensive high temperature performance is used in the manufac-
ture of hot end parts of aircraft engines, gas turbines, etc., with the increasing requirements of equipment design for material
service temperature, the comprehensive performance requirements of high temperature alloys are becoming more and more
stringent, and modified alloys with better performance are constantly born. Taking the modified alloy DZ411G for large-size
oriented cylindrical hollow blades of a new type of heavy-duty gas turbine in China as the research object, this paper ana-
lyzed the influence of C, Al, Ti, Cr, Ta and other elements on the initial precipitation temperature, maximum precipitation
amount, solid-liquid phase line, y/y’ mismatch degree of the main alloy phases with the help of phase diagram calculation
software JmatPro, and provided a basis for the optimization of chemical composition of DZ411G alloy, the design of smelting
inlet point and the formulation of heat treatment process. According to the theoretical calculation results, a reasonable formu-
la was formulated, and the industrial production of DZ411G alloy was completed for the first time.
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Table 1 Design values for each element (w /%)
Number C Cr Ta Al Ti
1 0.01 11.0 1.2 2.2 3.9
2 0.03 11.5 1.6 2.4 4.0
3 0.05 12.0 2.0 2.6 4.1
4 0.07 12.5 2.4 2.8 4.2
5 0.09 13.0 2.8 3.0 4.3
6 0.11 13.5 3.2 3.2 4.4
7 0.13 14.0 3.6 3.4 4.5
8 0.15 14.5 4.0 3.6 4.6
9 0.17 15.0 4.4 3.8 4.7
10 0.19 15.5 4.8 4.0 4.8
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Fig. 1

Thermodynamic equilibrium phase diagram of DZ411G typical composition alloy: (a) whole, (b) partial
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Table 2 Equilibrium composition corresponding to each precipitation of DZ411G (w /%)

Phase Ni Al Co Cr Mo Ta Ti w B C
y 60. 31 3.28 9.58 14.12 1.41 3.28 4.14 3.88 — 0. 004
y' 69. 74 5.53 6.5 3.1 0.17 4.84 8.36 1.78 — —
MC — — — 0.36 0.19 42.2 39.21 5.95 — 12.08
M,,Cg 4.92 — 2.49 68.29 12.79 — — 6.48 0. 009 5.03
MB, — — — 0. 005 0.003 — 68. 88 — 31.12 —
M5B, 0.18 — 0.15 21.77 62.97 0. 06 — 6.81 8.06 —
o 16.2 — 19.79 52.55 7.8 — — 3.66 — —
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Fig. 2 Influence of element C content on the phase diagram of DZ411G alloy: (a) solid-liquid cotoline, (b) carbide precipitation temper-

ature, (c¢) maximum amount of carbide precipitation, (d) /7y’ phase mismatch
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