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Effect of stacking fault energy on microstructures and
mechanical properties of electrodeposited nanocrystalline Ni-Fe alloy
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Abstract: Nanocrystalline Ni-Fe alloys with different stacking fault energies were prepared by changing Fe content using
pulse electrodeposition method. The microstructure and mechanical properties of the nanocrystalline Ni-Fe alloys were
characterized by XRD, TEM and tensile testing. The results indicate that all the prepared Ni-Fe alloys are face-centered
cubic structure, single-phase solid solution with the average grain size in the range of 12—25 nm, and the average grain
size decreases with decreasing the stacking fault energy. The ultimate tension strength of the nanocrystalline Ni-Fe alloys
is in the range of 1361—1978 MPa and the elongation to failure is in the range of 9.3%—13.2%. Both the ultimate tension
strength and the elongation to failure increase with decreasing stacking fault energy. The increase of tensile strength is
due to the fine-grain strengthening. For Ni-Fe alloy, with decreasing the stacking fault energy, the work hardening rate
increases, and the plastic instability is delayed, consequently higher plasticity is gained.
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Table 1 Technological parameters for electrodeposited nano-

crystalline Ni-Fe alloys

Parameter Value
pH 35
Current density/(A-dm ) 5
Bath temperature/C 60
ton/MS 5
tor/MS 5
Stirring speed/(r'min ") 200
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Fig. 1 XRD patterns of nanocrystalline Ni-Fe alloys
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Table 2  Stacking fault energies (y) and grain sizes of

electrodeposited nanocrystalline Ni-Fe alloys

Sample Grain size/nm y/(mJ-m %)
Ni-4%Fe 25.5 218.8
Ni-8%Fe 19.4 208.1
Ni-16%Fe 16.5 193.6
Ni-30%Fe 15.2 160.2
Ni-42%Fe 133 127.9
Ni-56%Fe 12.2 109.4
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Fig. 2 Bright field TEM images and statistical distribution of grain size for nanocrystalline Ni-Fe alloys: (a), (b) Ni-8%Fe; (c), (d)

Ni-16%Fe; (e), (f) Ni-42%Fe
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Fig. 5 Work hardening rates of nanocrystalline Ni-Fe alloys
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