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Background

Sample Preparation

Fe-Ni alloys have been widely used in nuclear energy and
aerospace fields due to their excellent resistance to hightemperature creep, oxidation and corrosion. Adding appropriate
rare earth (RE) elements to the alloys could be a viable way to
substantially improve their properties.
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Fig. 2. Materials synthesis processes.

Raw materials were smelted into button ingots using an arc melting furnace.
The ingots were cut into pieces with a diameter of 1.5 cm and a thickness of 0.1
cm by electrical discharge machining (EDM). Afterwards, the samples were
polished with sandpapers and rinsed in absolute alcohol. Samples were
annealed at 700 ℃ for 72 hours for homogenization, and the annealed samples
were then oxidized at 1000 ℃ for 36 hours to examine their oxidation resistance.
Fig. 1. Applications of Fe-Ni alloys.

Phase Constitution

Oxidational Behavior

Microstructure
(a)

Table 1. Composition of Fe-36Ni-15Cr-1.5Mn-xY alloys (x=0,
0.5 and 1 in wt.%)
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Fig. 8. XRD data of oxidized alloy samples.
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Fig. 6. Microstructures of as-cast and as-annealed alloy samples.
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Fig. 3. Ni-Y phase diagram.
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Fig. 9. Surface morphology of 0Y, 0.5Y and 1Y alloys
after oxidation at 1000 ℃ for 36h.
Fig. 4. XRD data of as-

Fig. 5. XRD data of as-

cast samples.

annealed samples.
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Ni-Y binary phase diagrams and XRD
patterns were examined, and it was
found that the formation of Ni5Y phase
occurs when yttrium content >0.5 wt.%.
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Fig. 7. Optical micrographs of the alloy samples: (a) (b) as-cast and asannealed 0Y samples; (c) (d) as-cast and as-annealed 1Y samples.

The addition of yttrium can refine the grain size of both
as-cast and as-annealed samples. Simultaneously, the
grains are more uniform with the addition of yttrium.

All three alloys with different
yttrium contents can form dense
spinel-type surface oxide layers
after oxidation at 1000 ℃ for 36h.
Small white particles can be found
on the surface of oxidized 0Y
samples, while none of them
appears on 0.5Y and 1Y samples.

Mechanical Properties & Oxidation Resistance

Future work
A. Establish the Fe-Ni-Y thermodynamic
database.
B. Unravel the anti-oxidation mechanisms
of Fe-Ni-Y alloys.
C. Study the effect of materials processing
method (e.g. powder metallurgy) on the
microstructure and properties of Fe-Ni
alloys.
D. Analyze the effects of different RE
elements additions on high-temperature
oxidation resistance of Fe-Ni alloys.
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Fig. 10. Hardness of as-cast and as-annealed samples.

Fig. 11. Mass gain of as-annealed samples.

The current results show the feasibility of using yttrium to enhance the mechanical and
anti-oxidation properties of Fe-Ni alloys, and preliminarily establishes the phase
constitution-microstructure-property relationships in yttrium-containing Fe-Ni alloys.
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