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High temperature oxidation behavior of
nanocrystalline bulk Fe-60Ni-15Cr alloy

CAO Zhong-qiu, SUN Yue, JIA Zhong-qiu
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Abstract: Nanocrystalline bulk Fe-60Ni-15Cr alloy was prepared by hot pressing alloyed powders synthesized by
mechanical alloying (MA) method. High temperature oxidation behavior of the alloy was investigated at 700-900 C in
0.1 MPa pure oxygen, compared with the corresponding coarse grained Fe-60Ni-15Cr alloy prepared by powders
metallurgy (PM) technique. The results show that the oxidation kinetics of Fe-60Ni-15Cr(PM) and Fe-60Ni-15Cr(MA)
alloys deviate parabolic rate law. At the same temperatures, the oxidation rate of nanocrystalline Fe-60Ni-15Cr(MA)
alloy is lower than that of coarse grained Fe-60Ni-15Cr(PM) alloy. Coarse grained Fe-60Ni-15Cr(PM) alloy is unable to
form the continuous and protective scales of Cr,Os. In fact, the alloy forms the external Fe oxide scales followed by a
layer composed by Fe, Ni and Cr oxides, and there is an internal oxidation in the alloy. On the contrary, nanocrystalline
Fe-60Ni-15Cr(MA) alloy is able to form the continuous and protective scales of Cr,O;. It is oblivious that the grain
refinement is able to decrease the critical Cr content which is required to form the continuous and protective scales of
Cr,05 and is helpful to form the continuous scales of Cr,0O3 under Fe-Ni-Cr alloy surface.
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Fig. 1 XRD patterns of Fe-60Ni-15Cr(MA) powder milled
for 0.5, 10, 20, 40, 60 h and bulk alloy obtained by hot pressing
powder milled for 60 h
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Fig. 2 Microstructures of Fe-60Ni-15Cr(PM) (a) and
Fe-60Ni-15Cr(MA) (b) alloys
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Fig. 3 Kinetic curves of Fe-60Ni-15Cr(PM) and Fe-60Ni-
15Cr(MA) alloys oxidized for 24 h in 0.1 MPa pure O, at
700-900 °C: (a) Am vs time; (b) Am? vs time
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Fig. 4 Fracture morphologies of Fe-60Ni-15Cr(PM)(a) and
Fe-60Ni-15Cr(MA)(b) alloys oxidized for 24 h in 0.1 MPa pure
0,at 700 'C
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Bl 5 Fe-60Ni-15Cr(PM)15 Fe-60Ni-15Cr(MA) & 47t 800 ‘C. 0.1 MPa 4li%& 1484k 24 h [\ ISR
Fig. 5 Fracture morphologies of Fe-60Ni-15Cr(PM)(a) and Fe-60Ni-15Cr(MA)(b) alloys oxidized in 0.1 MPa pure O, at 800 C for
24 h
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Fig. 6 Fracture morphologies of Fe-60Ni-15Cr(PM)(a) and Fe-60Ni-15Cr(MA)(b) alloys oxidized in 0.1 MPa pure O, at 900 C for
24 h
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Fig. 7 XRD patterns of oxidation films of Fe-60Ni-15Cr(PM)(a) and Fe-60Ni-15Cr(MA)(b) alloys formed at 800 ‘C in 0.1 MPa

pure O, for 24 h
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