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ABSTRACT Amorphous Fer3.5Cu;Nb3Sii3.5Bg alloys have been nanocrystallized by microwave field
annealing and the effect of microwave field on the nanocrystallization has been investigated. It is shown
that by microwave field annealing at 480 ‘C for 5 min, 80% fine nanocrystalline a—Fe(Si) grains about
15 nm formed in the amorphous matrix. With increasing annealing time to appropriate value (30 min),
the nanocrystallization completed and the grain size of the a—Fe(Si) phase stays nearly the same, but
the lattice parameter decreases to 0.2461 nm, and the alloy has a very high M, of 1.79 T. Comparing to
annealing by laser, shock wave, current and magnetic field, after the alloy was annealed by microwave field
single a—Fe(Si) phase, smaller grain size and higher crystal phase volume can simulantly obtained. It is
also revealed that microwave field benefits the transition of atom B toward vacancy, which increases the
nucleation rate of a—Fe(Si) phase and promotes the nanocrystallization of the alloy.
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RBUN L, HASTE A FesSi H; Miguel 25 Pl £y Fy
AR BIAER T3 (Cor7Siiz.5Be.5)90FerNbs JE
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R 2.45 GHz 1y H ] 2 R0ERIEF 31T, 2k
F Al,Os SR H ORI, FLLAMIE SR &R
BE. SR iR 200-400 W, B B4 400-600
C, INFAETAIA 5-40 min. 765 B4 1T 5
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Fig.1 XRD analysis of Fe7s35CuiNbsSiizsBg sub-
mitted to annealing at 550 ‘C for 5 min (a),
15 min (b) and 30 min (c)
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Fig.2 XRD image of Fez3.5Cu1NbsSiis 5By annealed
at 480 °C for 5 min (a), 30 min (b) and 40 min

(c) in microwave field
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Table 1 Grain size D and crystal lattice constant a

of the magnet annealed at 550 ‘C

t/min 8 D/nm 0/° a/nm
5 0.950 9.1 22.460 0.2480
15 0.603 14.5 22.629 0.2462
30 0.617 14.1 22.590 0.2466
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A AR B TR B SR AR Db <, (B S AL R] K 15 min
JE R RSP HEARARAE, 2078 14.1 nm. o-Fe(Si) 1 &k
R o BT 0.2480 nm fRHRIEZE 0.2462 nm(F
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1). FEUESHIER T 480 Cabfbib3E, o-Fe(Si) 1 dk
BRGEFE 5 min PIEEIAE] 15.1 nm, FEH S ALATE] &
WL RGP FEAR AR, a-Fe(St) HHBY AR HECH 0.2461-
0.2467 nm (3 2), 7£ 480 ‘CALF 30 min B A/, i
B R TR Z MW IR R /. FE R PR IA T 4%
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BUNTRU LT G o Fe B FE 3L (0=0.2892
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&2 480 CHRALALIERE R D 5%
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Table 2 Grain size D and crystal lattice constant a
of the magnet heat treated at 480 C

t/min 8 D/nm 0/° a/nm
5 0.579 15.1 22.590 0.2466
30 0.593 14.7 22.640 0.2461
40 0.588 14.8 22.589 0.2467
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a-Fe(Si) MR TAEMEAAMHA (B 3). 550 C
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safbAH o-Fe(Si) MBI ELE 80%, a-Fe(Si) A8
W T @R R 200 15 nm (& 3c); 4REEIEK ik
BFIA], b RS AR B AR S B A R, Bl
AL, O A AL B TR S AR B . G
AL AL T, O AL AL, ik b AN ik P G i
AL AR I, T S AL AL R FT R B 3RS B —1 o
Fe(Si) SaALAH. BE/ING SRk R B s 1 s AL AR AR
384, T Fers.5CuiNbsSiys 5By BIAATREAL 3R B 22
B o-Fe(Si) dfkLAY Lo FRFR 8, Frh & &
B w R AL 5 BE R0 R I R RE.

3 Fer3.5CuiNbsSiiz.5Bo i) TEM B i%h#)
Fig.3 TEM morphology of Fers 5CuiNbsSiiz5Bg crystallined at 550 C for 5 min (a), 15 min (b) in

traditional furnace and at 480 C for 5 min (c), 30 min (d) by microwave field
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%+ 3 Fers.5CuiNbsSiis 5By FEARIGMA T fibAbHEEH M H
Table 3 M; value of Fers 5Cu;NbsSiiz.5Bg submitted to annealing at different condition

Annealing in traditional furnace

at 550 ‘C for different time

Annealing by microwave field

at 480 C for different time

Annealing by microwave field at

different temperature for 20 min

t/min M/T M, /T t/min M;/T M, /T T/C M;/T
5 1.57 1.09 5 1.21 450 1.24
15 1.70 1.33 20 1.22 480 1.58
20 1.50 1.23 30 1.54 500 1.52
30 1.49 1.20 40 1.10 550 1.20
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30 min 9 M — H #izk
Fig.4 M — H curve of Fe73,5CU1Nb38113,5B9 an-

nealed at 480 ‘C for 30 min in microwave field
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QbFE, RERRI M SEhEE dl AL BT ] I IR R MG K, 24
AL BRI EE R 2 30 min B, M, % 1.79 T 1 M, K
1.54 T ¥k g KAE, FiHE & B[] A #F — 20 S < T B
IS VAW o 208 f AL R BN 450 CFhmr %l 480
C, W Mg A 1.24 T #8jm#] 1.58 T, HHEE YR 3
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