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Table 1 Nominal composition of each alloy in multi-component

diffusion section (wt%)

Alloy Cr Mo W Co Ti Al Ta Ni

Base 12 1.4 4 9 4 4 5 Bal.
ow 12 1.4 0 9 4 4 5 Bal.
SW 12 1.4 5 9 4 4 5 Bal.

SMoOW 12 5.0 0 9 4 4 5 Bal.
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Fig.2 Schematic diagram of EPMA composition determination for diffusion couples
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Fig.3 Morphologies at specific locations on both sides of the interface of different diffusion couples after aging at 900 °C for 1000 h: (a) Base-

5W; (b) Base-0W; (c) Base-SMoOW
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Fig.4 Enlarged morphologies at specific locations on both sides of the interface of different diffusion couples after aging at 900 °C for 1000 h:
(a) Base-5W; (b) Base-0W; (c) Base-5Mo0W
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Fig.5 Variation curves of composition (a—c) and microstructure parameters of y' phase (d—f) in different diffusion couples with diffusion

distance after aging at 900 °C for 1000 h: (a, d) Base-5W; (b, e) Base-0W; (c, f) Base-5MoOW
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Fig.6 Evolution of elemental partition coefficient (K} ) in different diffusion couples with diffusion distance: (a, a,) Base-5W; (b, b,) Base-0W;
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(c, ¢;) Base-5MoOW; (a,—c,) enlarged curves of marked areas in Fig.6a—6¢c
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Fig.7 APT tip reconstruction map and ion profile of each major element (a), composition of y phase and y' phase on both sides of interface 1 as a
between y phase and y’ phase (c) of Ni-12.7Cr-8.6Co-4.0A1-4.3W-4.2Ti-
4.5Ta-1.3Mo alloy in Base-5W diffusion couple after aging at 900 °C for 1000 h
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Fig.8 STEM-HAADF image of y/y' two-phase in the dendrite trunk of DZ409 alloy after thermal exposure at 900 °C for 1000 h and
corresponding EDS elemental mappings (at%) (a); partition coefficients of alloying elements between y and y’ phases with B=[001] (b)
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Fig.9 APT tip reconstruction map and ion profile of each major element (a), composition of y phase and y' phase on both sides of interface as a
function of distance (b), and elemental partition coefficient KV)/( between y phase and 9’ phase (c) of Ni-12.6Cr-8.6Co-3.9A1-3.3W-4.3Ti-

4.7Ta-1.6Mo alloy in Base-5W diffusion couple after aging at 900 °C for 1000 h
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Effects of Mo and W on Microstructure Stability of DZ409 Nickel-Based Superalloy
at 900 °C/1000 h

Wu Baoping', Fu Yuanyuan', Wu Jiantao®, Li Longfei’, Luan Meigqji’
(1. Hebei Gangyan Dekai Technology Co., Ltd, Zhuozhou 072750, China)
(2. Beijing Iron and Steel Research Institute Gaona Technology Co., Ltd, Beijing 100081, China)
(3. University of Science and Technology Beijing, Beijing 100086, China)

Abstract: Nickel-based superalloys for heavy-duty gas turbines usually have a high Cr content, but the high Cr content makes it difficult to
optimize the composition design of the alloy. In particular, in order to avoid the precipitation of harmful topologically close-packed (TCP) phases,
the content of solution-strengthening elements W and Mo is limited. In this work, the effects of W and Mo content changes on the y/y’ two-phase
state and TCP phase precipitation of nickel-based directional superalloy DZ409 for gas turbines aged at 900 °C for 1000 h were studied by multi-
component diffusion multi-junction technique. The results show that when the Mo content remains unchanged, the volume fraction of the )" phase
decreases slightly as the W content increases from 3.8wt% to 4.3wt%, the size of the y’ phase decreases, and its morphology remains spherical.
When the W content exceeds 4.3wt%, o and P phases begin to precipitate in the alloy. When the Mo content increases from 1.4wt% to 1.6wt%,
and the W content decreases from 4.0wt% to 3.3wt%, the volume fraction of the )’ phase increases slightly, the size of the y' phase decreases, and
the morphology remains square. After the Mo content exceeds 1.6wt%, the o phase and P phase are precipitated in the alloy. According to the APT
tip reconstruction diagram and the ion distribution map of each major element, it can be seen that the increase in W content will promote the
precipitation of TCP phase, and the addition of Mo while reducing W content will also promote the precipitation of TCP phase of the alloy, mainly
because the enrichment of W, Cr, and other elements in the y matrix makes the total amount of refractory elements in the y phase exceed the solid
solution limit of y matrix.

Key words: nickel-based directional superalloys for gas turbines; diffusion multi-junction; W/Mo interaction; TCP phase; composition

optimization
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