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Fig. 1. The X-ray diffraction pattern (a) and Mdss-
bauer spectrum (b) of the as-quenched amorphous
Fe;; sCuNbySi; ;B alloy.
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Fig. 2. The differential scanning calrorimetry rocking
curve of the as-quenched amorphous Fe;qsCu;Nb,Sij
sBg alloy.
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Fig. 3. Mossbauer spectra of Fe;,;Cu,Nb,Siy; B, alloy
annealed for different time at a temperature of 500 C.
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Fig. 4. Mdssbauer spectra of Fey; Cu;NbsSij;sBg alloy
annealed for different time at a temperature of 552 .
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Table 1. Moéssbauer hyperfine parameters of Fe;;
CuyNb;Sij B alloy annealed for different time at a
temperature of 500 C.

hyperfine annealing time, T,(min)
phase subspectrum
parameters 60 %0 120 180
Cl 3184 3208 31838
C2 3101 3111 3094 3069
C3 87.3 2957 2877 2849
H(kOe) 2
C4 262 221 202 2688
C5 2408 2439 2448 2427
C6 1967 1964 1955 1942
Cl 105 129 138
crystalline c2 12.5 16.4 19.4 19.0
h c y 7. 96 7.
phase A%) 3 5.1 4 9
C4 18 77 53 62
C5 By 238 238 234
C6 %I M2 WY 26
HOS (k0e) 2387 2525 2584 2560
¢ mm/s) 023 015 015 014
A S mm/s)  -001 —0.01 000 000
AT (%) 4322 47.04 7765 80.67
. HOS (kOe) 1984 1956 1141 953
residual
¢ inm/s) 003 —0.04 009 004
amorphous.
A S (mm/s)  -004 —010 —000 -—0.04
phase
AR (94 5678 5206 2235  19.33
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Table II. Mossbauer hyperfine parameters of Fezs
Cu)Nb;Sijs ;B alloy annealed for different time at a
temperature of 552 .

annealing time, T,(min)
phase  parameters subspectrum

10 30 60 120 240 960

C1 -+ 318.0 3225 320.7 3224 320.0
€2 313.0 308.1 312.3 309.5 310.8 308.6
C3 2884 287.2 291.0 289.4 289.7 288.3

H(kOe)
C4 264.2 268.4 272.00 272.0 270.5 270.4
C5  246.0 243.5 246.0 244.4 245.6 244.0
C6 197.9 195.3 197.1 195.7 196.5 195.2
Cl - 105 82 100 107 11.2
crystalline c2 252 205 21.8 20.2 20.6 20.4
hase C3 67 69 79 82 84 78
PRase ()
C4 1.3 48 55 54 48 58
C5 267 222 228 242 236 235
C6 400 352 338 32.0 31.8 313
H %:;al (kOe) 2468 251.7 255.2 254.8 256.6 255.4

¢ Selimm/s) 020 017 017 017 016 0.16

A ‘mean (mm/s) ~0.00—0.00—0.00~0,000.000.00

A (%) 5168 65.57 60.55 75.80 76.25 76.69

residual o (kOe) 1854 1563 135.1 115.1 1143 118.7
amorphous.’ fan(mm/s) 012 014 010 011 011 009
ohase 2 e (mm/s) 0.02 0.04 0.03 0.01 —0.03 0,01

A (%) 4830 3443 3045 24.20 23.75 23.31

Table I, IIellA CI, C2, C3, C4, C5, o C6%= AA
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Fig. 5. The Si contents in DO, Fe-Si with annealing
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Table M. Calculated chemical compositions of the re-
sidual amorphous phase.

Residual Amorphous Phase Composition
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Fig. 6. Mdssbauver hyperfine parameters of Fe;;sCuy
Nb,Si 6 5B; alloy annealed for different time at a tem-
perature of 500 C. (a) The volume fractions, (b) the
average hyperfine fields and (c) the average isomer
shifts of the crystalline products () and the residual
amorphous phase (@).
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Fig. 7. Mossbauer hyperfine parameters of Fe,;Cu;
Nb,Si;6 B alloy annealed for different time at a tem-
perature of 552 C. (a) The volume fractions, (b) the
average hyperfine fields and (c¢) the average isomer
shifts of the crystalline products (O) and the residual
amorphous phase (@).
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Amorphous Fey; Cu,NbsSij ;B ribbons were annealed for different time at 500 C and 552 C, just before and
after the exothermic reaction in DSC curve. The development of nanocrystalline phase was investigated by means
of Mossbauer spectroscopy. The crystalline phase consists mainly of DOy Fe-Si. Though slight in amount (5 %),
another ferromagnetic phase which could be presumed t-Fe;B was detected. Si content of DO, Fe-Si, Si/(Fe +
Si), was 0.218 under the heat treatment at 500 C for 60 min and 0.222 at 552 ‘C for 10 min. Since then both of
those values decreased with time until 120 min and finally these two values remained constant at 0.210. The vari-
ation in Si content with annealing time results in the variation in the hyperfine field and the isomer shift. The in-
crease in the mean hyperfine fields and the decrease in the mean isomer shifts of Fe-Si are caused by the increase
in Si content. The volume fractions of residual amorphous phase rapidly decrease during the early stage of
annealing and come nearer to saturation after 120 min both at 500C and 552 C. The decrease in the mean
hyperfine field of residual amorphous, in spite of slight changes in the volume fractions of Fe-Si and of residual
amorphous after 120 min, is caused by the increase in the content of Nb and B in residual amorphous phase. The

saturated volume fraction of the crystalline phase was 81 % for 500 C (180 min) and 77 % for 552 C (960 min),
different from expectation.



