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ABSTRACT

Disorder-order transformation of nanocrystalline FeAl have been investigated by a com-
bination of electron and X-ray diffraction analysis including high resolution electron
microscopy and differential scanning calorimetry. Fe-50at.%Al powders mechanically
alloyed for 90 hours consist of 5~10 nm size grains having either disordered b.c.c.
structure or amorphous structure. X-ray and electron diffraction of mechanically alloyed
FeAl powders show that disorder-order transformation occurs at the temperature range of
300°C~320°C. Such a low-temperature ordering behavior exhibiting an exothermic reaction
is attributable to the nm-scale grain structure with a large amount of defects accumulated
during mechanical alloying process.
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Fig. 1. X-ray diffraction spectra obtained from the Fe-50at.%Al powder after mechanical alloying for 90
hours,
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Fig. 2. X-ray diffraction spectra obtained from the Fe-50at.%Al powder after Heat-treatment at 320°C for

10 hours.
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Fig. 3. Dark field TEM images and corresponding selected area diffraction pattern obtained from the Fe-

50at. %Al powder after mechanical alloying for 90 hours.
Fig. 4. Dark field TEM images and corresponding selected area diffraction pattern obtained from the Fe-

50at. %Al powder after Heat-treatment at 320°C for 10 hours.
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Table 1. Comparision of measured and calculated d-spacings.

d-spacing calculated d-spacing measired d-spacing measured
from bcc structure from SADP (&) from SADP(A) hkl
(A) <as milled > <H.T. at 320°C>
2.899 2,8955 (100)*
2,048 2.0492 2.0387 (110)
1.6722 1.6649 (111)*
1.4472 1.4477 1.4477 (200)
1.2949 1.2973 (210)*
1.1820 1.1752 1.1752 (211)
1.0238 1.0297 1.0298 (220)
0.9157 0.9164 (310)*
0.8358 0.8324 (222)*

*planes for superlattice diffraction.

Table 2. Variation of (100) plane d-spacing, lattice parameter, intensity ratio (Iac)/Iawy) and saturated

magnetization
Heat-Treatment range of variation
as milled at 320°C for (+) increase
10hours. (-) decrease
d-spacin (A) 50 hrs : 2.0682 2.0548 — 0.0134
P g 90 hrs : 2.0804 2,0548 — 0.0256
. ° 50 hrs : 2.9249 2.9105 — 0.0144
Lattice parameter (a) 90 hrs : 2.942 2.9068 ~ 0.0352
. . 50 hrs : 0 0.1795 + 0.1795
Intensity ratio (I/1) 90 hrs @ 0 0.1512 + 0.1512
Saturated 50 hrs @ 39.25 6.475 - 32.78
magnetization (emu/g) 90 hrs : 29.69 4,13 — 25.56

Table 3. Formation of amorphous and nano-crystalline phases in FeAl

Theoretical Allo
composition v Type of L
(at%Fe) composition Ball Mill Characteristics Ref.
Miedema Model!® (atvke)
20 planetary Morris MA(1991)
N Amorphous phase
20~50 SPEX formation in 80at, %Al Dong YD(1991)
Confirmation of amorphous Mukhopadhyay DK
2560 % SPEX phase by TEM (1995)
22.8 vibratory Confirmation of amorphous | g 4eeys VI(1996)
: phase by XRD
horizontal Formation of disordered .
60 phase FeAl from amorphous Kim MH(1995)
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Fig. 5. HREM images obtained from the Fe-50at.%Al powder after mechanical alloying for 90 hours.
Fig. 6. HREM images obtained from the Fe-50at.%Al powder after Heat-treatment at 320°C for 10 hours
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Fig. 7. DSC spectra in Fe-50at,. %Al powder after mechanical alloying for 90 hours,
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