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Fig. 1. Magnetic permeability as a function of annealing
temperature for Fez.. CuMo,Si,,Bo(x=2,3)
alloys annealed for 1 hr.
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Fig. 2. Microstructure of Fe,;,CuMo,Si,,B, alloy
annealed at 500C for 1 hr.
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Fig. 3. X-ray diffraction pattern for Fe,CuMo,Si, B
alloy annealed at 500C for 1 hr.
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Table 1. Magnetic properties for Fes-»Cu,Mo,5i,,By(x
temperature(500°C) for 1 hr.
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=2, 3) alloys annealed at optimum

Composition By H. He A, Average grain
(T) (A/m) size(nm)
x=2 1.26 40(0.05 Oe) 8,000 63X10 —
x=3 1.20 3.2(0.04 Oe) 9,000 65%10 | ~20

Fe7e-xCuiMoxSiiaBo
(400°C,t hr-500°C, Ihr)
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Fig. 4. Magnetic permeability as a function of pre-an-
nealing time for Fey. Cu,Mo,Si) Byx=2, 3)
alloys subjected to two-step annealing(400C, t
hr =500C, 1 hr).
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Fig. 5. D.C. coercive force (H. ) as a function of pre-an-
nealing time for Fe:.,CuMoSi, B, (x=2.3)
alloys subjected to two-step annealing (400, t
hr = 500C. 1 hr).
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Fig. 6. X-ray diffraction pattern for Fe,.Cu,Mo,Si,,B,
alloy in as-quenched and pre-annealed (4007, 3
hr) state, respectively.

= vebd Hlojeh Az 4| gbe] Zobak wlef S
dE 5 Falgo] Foletg o], Se xe) Ao 3
AlZE AX e 4] e b A Fobsked, ) k
29ol] 3l e 1.7X104S e o o),

LR 5= 2rkd A el 4] 9] Rajtele] WalE Yeluwn g
<l oF E BF dadel g4} alars g oo
Fe,,Cu,Mo,Si,,B, A5 AA ek 1.6 A/m(20
mQOe ol wshgd o},

S0
Eip=ad

—
50 nm

Fig. 7. Microstructure of Fe_ Cu Mo, S1, B, allloy sub-
jected to two-step anneahng(4OOC 3 hr—5007C.

1 hr).

a5 A Esko] Sl vl 400C el 4] 34) 71 2] 2
{ﬂ' FeT‘sCUlMOxSiHBn §:lkg_9' X-4 3] Xi#}%‘ = P
2 A5E 27 6ol hebgieh o] o)A wi um

o] Az}t 7o Azl E =41 9] ] }of) o &5l F
od
oy o

O_L_,_JE,
< 1o

Aol shddelol 4 YA wj gL el 53
H Azl oe] a-Fedt?] (110)m ¢ 3|d sl 30}
At ol fo] Aasiglon, ol a-Fete| A
of Al ¢lgoll sIqlels Ao m Fayc)

L8 78 ol shbe] A 2od )t 4R iy 500°C<>ﬂ
ANAZE e A s} Aelgk J9e] 2 sjalel) =
AL sk delar a2 2 vl 44 ulﬂl
sketed 21 A do] o) g SimA F9)g o = dor, 2c}
A7 43 =

H

! §onlslel] drke) fage sl g
b T, A2l S 4ol odeke Fi F et gl

Akl el 2717} ol euk oxbed o] w2 2 shapa o =
7| slE

FARE A3k, Mo=2 at. % 22 79 g3
X107l 4 6.1X107°2, Mo=3 at. % gz2] 9= 6.9
X107%l 4 65X 10758 3

Wssted, L wshek o ookl
e o2 debgel mjebd el 5y

oAl Fabgo s 8 waae i
% olol mhe Hit A<} o] urg o)

she Ao oA,

V. dE

L. Fes., CuMo,SiyBy(x=2, 3) #]4 2 4F2- 500
A 1417 dHz|eted, a-Fedor szl =},
A w4 A Fapgo] 254 g Hzped o] 7t
A5 Thdghon], olwo] A dedxe|o] e Ao Fa}
2 9X10°, Byyl 1.2T, Ba}ad.0



T3labsh = 6.5X107% 23, AA Y2
olodeh

2. Fe CuMoSi B, &9 =154+ gEAkA] 7
71 ¢lah 2%red 2 (400C, 3hr—500°C, lhr)& 3 A3}
A FEalgo] 1.7X104 B, 1.25T, 2aps3 of 2.
A/m Gom AA=e] =AL oF 5ymel ek

3. Fe-Cu-Mo-Si-BA|l Zul«l A A g52] 2xbd =] gl
o) &k A=} B4 2] 3R AABLLE ofsloll A 2] AL
odzizlol] olgk AgAie] Fb 9 olel] w2 AAE 0|
sl 718)Ee AoR "lejAlch

2178 oF 20 im

s

olX I‘[

a2

X}
=

kJ
2l
ret

[1] Y. Yoshizawa, S. Oguma and K. Yamauchi, J.
Appl. Phys., 64(10), 6044(1988).

[2] HE®E, LIRER, BASBRE, 53, 241
(1989).

&%=} 7| 8+5] 2] Volume 1, Number 1, June 1991

[3] Y. Yoshizawa, S.Oguma and K. Yamauchi, J. Appl.
Phys., 64(10), 6047(1988).

(4] E@®el, /aE%, FAUEE, LRFER, HiI&5
Hi#R, 5, 13(1989).

{5] T.H.Noh, M.B.Lee, HJKim and [K.Kang, J.
Appl. Phys., 67(9), 5568(1990).

[6]1 G. Herzer, IEEE Trans. Magn, MAG-25, No.5,
3327(1989).

[7] N. Kataoka, A.Inoue, T .Masumoto, Y.Yoshizawa
and K. Yamauchi, B A4 BER&#SEEE, (1988.4)
pp. 96.

[8] G. Herzer, IEEE Trans. Magn., MAG-26, Nob,
1397(1990).

(9] FAME, EREEOWE(T)BRHELEM-,
F#HEE #H, (1984) pp. 252.

[10] FimmeE, BREBOME(T) BRI L ER-,
FIHEE, i, (1984) pp. 245.

[11] CR. Barrett et al, The Principle of Engineering
Materials, Prentice-Hall, New Jersey, (1973) pp.
166.

Magnetic Properties of Nanocrystalline
Fe,...Cu,Mo,Si,,B,(x=2,3) Alloys
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The effect of annealing on the magnetic properties and the microstructures of the amorphous Fez-,Cu;Mo,S1,,By(x=
2, 3) alloys were investigated. When annealed at 500T for lhr, 8~9X10° of the effective permeability and 3~4 A/m
of the coercive force were achieved upon crystallization to & -Fe phase. And the average diameter of the @-Fe grains

was about 20 nm. For the nanocrystalline ferromagnets, the fine grain size is the important requirement to obtain a good

soft magnetic property. In this work, in order to get the finer grain size of a -Fe phase, two-step annealing treatment

was given. That is, following the low-temperature annealing at 400°C for 1~3hr, the high-temperature annealing at

500°C for lhr was carried out. As the low-temperature annealing time increased, the effective permeability increased to

1.2~17X 10" and the coercive force decreased to about 2 A/m. And the grain size was observed to be smaller than

10nm. The increased permeability and the decreased coercive force were attributed to the reduced average crystalline

anisotropy by the refinement of @-Fe(Si) grains.



