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Influence of Cr Content on Cellular Precipitation in Ni-Based Alloy

“DSA®760” with High Hardness and High Corrosion Resistance
Yoshihiko KOYANAGI, Hiroyuki TAKABAYASHI and Hiroyuki YASUDA

Synopsis

Ni-Cr binary alloys containing a high amount of Cr precipitate a y/o.Cr lamellar structure by cellular precipitation (CP)
reaction from the grain boundary. The mechanism of CP reaction is caused by supersaturated Cr content in the y phase.
Supersaturated Cr content influences driving force for CP reaction and lamellar spacing. Moreover, the Ni-based alloys with high
Cr containing added Al significantly increase the hardness and strength due to their very narrow lamellar structure. Al addition
brings on Ni consumption in the matrix by precipitation of y’. Therefore, Cr content dramatically supersaturates in the matrix.
The wrought Ni-Cr-Al alloy reaches extremely high tensile strength, which is over 2 GPa, after aging treatment. Even though the
newly developed DSA®760(Ni-38Cr-3.841, mass%) has a simple chemical composition, the microstructure is complex because it
consists of a y/o.Cr lamellar structure with the y’. So, this study investigated the influence of Cr content on CP reaction behavior.
In order to investigate the influence of Cr content, Ni-34, 36 and 38Cr-3.841 alloys were prepared. Forged bars were subjected
to solution treatment in a single y region. Subsequently, the alloys were subjected to aging treatment from 848 K to 1073 K for
various times. CP reaction was suppressed with a decrease of Cr content due to lower supersaturation of Cr in the matrix and
coarse lamellae spacing. The thermal stability of the lamellar structure is not significantly influenced by Cr content. However, the
lamellar structure dramatically collapses exposure at 1073 K.
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Table 1. Chemical composition of Ni-xCr-3.8Al alloys in

mass%.

Alloy Ni Cr Al C B
34Cr alloy Bal. | 339 | 3.78 | 0.01 | 0.003
36Cr alloy Bal. | 359 | 3.78 | 0.01 | 0.003
38Cr alloy Bal. | 38.0 | 3.82 | 0.01 | 0.003
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Fig. 1. Calculated phase diagram of Ni-xCr-3.8Al by

Thermo-Calc software.
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Fig. 2. Calculated mole fraction ratio of each phase in Ni-34, 36 and 38Cr-3.8Al by Thermo-Calc software.
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Fig. 3. Microstructure of 34Cr, 36Cr and 38Cr alloys after aging treatment at 973 K for various times.
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Fig. 4. Schematic drawing of advancing cellular precipitation,
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Fig. 5. Microstructures of 34Cr, 36Cr and 38Cr alloys by SEM after aging treatment at 873, 973 and 1073 K for 16 hrs.
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Table 2. Activation energy by Arrhenius equation of cell
boundary diffusivity for 34Cr, 36Cr, 38Cr alloys
and Ni-Cr alloys.

Alloy DH(kJ/mol) Ref.
Ni-34Cr-3.8Al 175 this study
Ni-36Cr-3.8Al 205 this study
Ni-38Cr-3.8Al 211 this study
Ni-38Cr-3.8Al 225 Uetaetal.”
Ni-39Cr 219 Gust et al.?
Ni-42Cr 227 Gust et al.?
Ni-45Cr 245 Gust et al.?
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Fig. 13. Relationship between interlamellar spacing and
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Fig. 14. Hardness of 34Cr, 36Cr and 38Cr alloys after long term exposure at 873, 973 and 1073 K.
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Fig. 15. Lamellar structures by SEM image of lamellar structures after long-term exposure at 873, 973 and 1073 K for
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Fig. 16. Interlamellar spacing of 34Cr, 36Cr and 38Cr alloys after long term exposure at 873 K, 973 K and 1073 K.
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