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Fabrication, Crystallization and Softness of Fe-based Nano-crystalline Soft Magnetic Alloys

iR ‘A (Yan Zhang)
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* The Cooperative Research and Development Center for Advanced Materials and their
fabrication processes to explore the possibility of their application as multi-functional
materials for future technologies under collaboration with universities and research

institutes around the world. Herein, we highlight our recent research and development
activities on soft magnetic material alloys for industrial application.

We have studied the effects of adding Co on structural,
thermal and magnetic properties of Fe-Si-B-P-Cu alloy
system [1-2]. In this study, we explored the glass formation
ability, thermal stability, and magnetic behavior of the
FegoCoxBi4—SioP3Cuy (x = 0, 2, 4, 6) alloy system and
elucidated the soft —magnetic performances of
FegoCo4B10Si,P3Cu; alloy. The addition of small amounts of
Co remarkably affected glass formation, crystallization, and
magnetic behavior of the alloy systems. Co content was
limited to 6% in consideration of fabrication costs. This
nano-crystalline alloy presented a high magnetic induction
(Bs) of 1.84 T, low coercivity (H.) of 5.3 A/m (Fig. 1), high
permeability of 12,601 at 1000 Hz, and low core loss of 62
W/kg at 1000 Hz at B, of 1.5 T. These results indicated that
the introduction of a small amount of Co enhanced soft
magnetic performance by effectively inducing the uniform
nano-crystallization of a-(Fe, Co) and averaging out

magnetic anisotropy.
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Fig. 1 (a) Dependence of H, on the 7, for the FegSi»B14P3Cuy
alloy ribbons; (b) Dependence of Bs on T, for the
F630C04B10Si2P3CU1 alloy.
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Our work also found that in Fesg; sSiosB4sP11CugsC, alloy,

the high nucleation density could be obtained through
annealing at a low heating rate because of the large amount
of new nuclei precipitated during annealing [3]. The co-
growth of pre-nuclei and newly precipitated nuclei within
annealing at optimum temperature (7,) leads to the finely
uniform nano-crystalline structure of a-Fe, thereby resulting
in low coercivity. The nano-crystallized mechanism of the
this alloy during annealing is unique and different from that
of Fe-Si-B-P-Cu
(Fig. 2). Fez15SipsBasPi1CuosCy, alloy with excellent

nano-crystalline alloy

magnetic softness can be expected to simplify the industrial
crystallization by a one-step annealing process at a low
heating rate.
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Fig. 2 Schematic of the crystallization of (a)
Fegl,ssio45B4‘5P11Cu0,5C2 and (b) Feg343_gssi-B-P-Cu alloys
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