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Synthesis of Extremely Fine Fe-6Al-9Si Alloy Powders by
Chemical-Mechanical Hybrid Process
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Abstract Fe-6Al-9Si(N) alloy powders were synthesized by hybrid process of chemical nitrification and
mechanical milling. The nitriding treatment on Fe-6A1-9Si alloy powders formed y-Fe,N phase on the powders
surface. The nitriding-treated powders were pulverized by horizontal high-energy ball milling machine. The
longer ball milling time tended to reduce the size of alloy powders. In ball milling for 36h, extremely fine
powders with about 7~9wt% nitrogen were obtained. Through X-ray diffraction analysis on the powders, it was
found out that the longer milling time caused a disappearance of the crystallinity of &-Fe in the powders. TEM
study confirmed that the powders is comprised of a few tens nano-meter sized crystals, including ¢~Fe phase
with partially y-Fe,N phase. Hysteresis curves of the synthesized powders measured by VSM revealed lower
saturation magnetization and higher coercivity, which seemed to be attributed to nitrogen-impregnation and
severe residual stress developed during the high energy milling. Microstructure observation on the powder
annealed at 873 K for 1 h showed 10 to 20 nm sized o-Fe crystal. Such a enhanced crystallinity significantly
increased the magnetization and decreased the coercivity, which was attributed to not only the crystallinity

but also residual stress relaxation.
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Fig. 1. SEM-images showing morphology of (a) as received
powders and (b)nitriding-treated the powders for 4 h at 873 K.
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Fig. 2. X-ray diffraction peaks showing crystal structure
changes in nitriding-treated Fe-6Al1-9Si powders .for various
nitridation time.
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Fig. 3. X-ray diffraction peaks showing crystal structure

changes as a function of mechanical milling time in
preliminary nitriding-treated Fe-6A1-9Si powders.
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Fig. 4. SEM-images on powder morphology as a function of mechanical milling time in preliminary nitriding-treated Fe-6A1-9Si

powders. a) 8h, b) 16h, c) 24h, d) 36 h.
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Fig. 5. TGA and DSC-curve in the powder produced by
mechanical milling for 36 h.
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Fig. 6. X-ray diffraction peaks showing crystal structure
changes as a function of annealing temperature for 1 h.
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Fig. 7. Transmission electron micrograph and its diffraction
pattern in the powder mechanically milled for 36 h after
preliminary nitridation. a,b) bright field image, c) diffraction
pattern.
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Fig. 8. Transmission electron micrograph and its diffraction
pattern in the powder annealed at 873K for 1h after
mechanical milling for 36 h.
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Fig. 9. Saturation magnetization and coercivity changes as a
fuction of (a)milling time in nitridation-treated powder time
and (b)annealing temperature on the powders, milled for 36 h.
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