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Influence of initial state on microstructure of
surface nanocrystallized Ni;Al
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Abstract: The influence of two initial states, such as directional solidified and as-cast, on the microstructure of surface of
nanocrystallized Ni;Al was investigated. The nanostructure layers were prepared on the surface of NizAl with different
initial states by means of surface mechanical attrition treatment (SMAT). The characteristics of surface nanostructure
layer were examined by scanning electronic microscopy (SEM), X-ray diffractometry (XRD) and transmission electronic
microscopy (TEM). The results indicate that the transformations, such as disordering and grain refining, occur in all
samples with different initial states after surface mechanical attrition treatment. However, obvious difference exists in the
relative content of solid solution and the grain size of Ni3Al nanograins between the samples with two initial states. The
Ni(Al) solid solution of as-cast Ni;Al surface reaches 65% and the grain size is about 56nm after surface mechanical
attrition treatment. The directional solidified Ni;Al has less Ni(Al) solid solution (7%) and smaller grains (abut 22nm).
This phenomenon may be attributed to the difference of the two initial states in chemical composition and microhardness.
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Fig.1 Microstructures of directional solidified (a) and as-cast

(b) NizAl in initial state
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Fig.2 XRD patterns of directional solidified (a) and as-cast (b)

NisAl in initial state
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Fig.3 XRD patterns of directional solidified (a) and as-cast (b)
NisAl after surface mechanical attrition treatment
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Table 1 Phase constitute of surface nanostructure layer in SMATed Ni;Al and structrual characteristics of NizAl phase

Mass fraction/%
Sample Grain size/nm Microstrain/%
Ni5Al Ni Fe
Directional solidificated NisAl 89.10 7.28 3.62 21.9 0.23
As-cast NizAl 27.19 65.35 7.46 56.3 0.62
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Fig.4 Bright field image (a), dark field image (b), selected area electron diffraction pattern (c) and labeled diffracion ring (d) of

nanocrystallines at top surface of directional solidified Ni;Al after SMAT
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Fig.5 Bright field image (a) and selected area electron diffraction pattern (b) of nanocrystallines at top surface of as-cast Ni;Al after

SMAT
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