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Fig. 1. X-ray diffraction patterns of mechanically alloyed
Fe;SixBs-x(x=0, 1, 2, 3) powders. All samples were
milled for 250 h, and annealed at 800 ¢ for 2 h in vacuum,
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Fig. 2. X-ray diffraction patterns of mechanically aloyed
Fe;Si1,Bs powder. (a) Raw material before milling, (b)
milled for 150 h, (c) milled for 250 h, and (d) annealed at
800 ¢ for 2 h in vacuum,
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Table [. The room temperature MGssbauer parameters
for ball-milled and annealed Fe;SixB;-x powders. (Hy:
hyperfine magnetic field, Q. S. : quadrupole splitting, ¢ :
isomer shift)

Q.S ) Area

Phase (kOe) (mm/s) (mm/s) (%)

Fe.B. 1 72.8-121.0 019 0.15 46
Il 234.0 0.03 0.006 54

I 71.6-1184 019 0.15 35

il 234.0 0.21 0.03 16

Fe .S, B, 11 178.0 —0.23 0.17 26
[V 168.0 0.05 0.05 19

\ 0 0.49 0.18 4

[ 71.6-118.4  0.19 0.15 32

Il 232.6 0.19 0.03 11

Fe;Si»By i 178.1 —0.25 0.16 15
i 168.8 0.03 0.19 23

: 0 0.49 0.18 19

I 716-118.4 022 0.11 17

Il 234.0 0.18 0.05 15

Fe;S1:B. (i 178.0 —0.26 0.16 29
168.0 0.01 0.01 25

V 0 0.48 0.17 14
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Fig. 4. Mossbaver spectra of Fe;SixBs—x(x=0, 1, 2, 3)
powders mechanically alloyed for 250 h with subsequent
annealing at 800 ‘C for 2 h in vacuum, (a) FesBs, (b) Fes
SiBy, (c) FesSi»Ba, and (d) FesSiz B, powders,
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Fig. 5. Hysteresis loop of FesSixBs-x(x=0, 1, 2, 3)
powders mechanically alloyed for 250 h with subsequent
annealing at 800 ‘C for 2 h in vacuum,
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FesSixBs x (x=0, 1, 2, 3) powders were prepared by mechanical alloying, and their phases and magnetic
properties were investigated by using XRD, TEM, Mdssbauer spectroscopy and VSM. Starting elements are
incorporated into a-Fe in the early stage of mechanical alloying, and the stable phases are formed as the
milling proceeds. After the annealing at 800 € for 2 hours, it is found that the FeB and Fe,B phases coexist
for the Fe;Bs(x=+() cornposition. By substituting Si for B, the formation of Fe.B phase is restricted and
the Fe;SiB», FeoSi,4B.s and paramagnetic phases begin to appear. The FeB phase has wide range of
hyperfine magnetic field because it is not fully crystallized on the annealing at 800 C. On the contrary,
others have good crystalline phases and show well-defined hyperfine magnetic field. Magnetic saturation is
highest for the Fe;B5; composition where the amount of the Fe.B phase is large.



