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Effect of Grain Size Control and Binder Additions on the Soft Magnetic
Properties of Fe-based Nanocrystalline Powder Cores

E.K. Cho, H.J. Cho, H.T. Kwon, EM. Che, H.H. Ryu, K.Y. Sohn and W.W. Park’
School of Nano Engineering, Inje University, Gimhae, Gyeongnam, Korea
(Received July 2, 2006; Accepted August 10, 2006)

Abstract The amorphous Fe,,Si,;B,Nb,Cu, alloy strip was pulverized to get a flake-shaped powder after
annealing at 425°C for 90 min and subsequently ground to obtain finer flake-shaped powder by using a ball miil.
The powder was mixed with polyimide-based binder of 0.5~3 wt%, and then the mixture was cold compacted to
make a toroidal powder core. After crystallization treatment for 1 hour at 380~600°C, the powder was transformed
from amorphous to nanocrystalline with the grain size of 10~15 nm. Soft magnetic characteristics of the powder
core was optimized at 550~600°C with the insulating binder of 3 wt%. As a result, the powder core showed the
outstanding magnetic properties in terms of core loss and permeability, which were originated from the opti-
mization of the grain size and distribution of the insulating binder.
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Fig. 2. SEM micrographs of Fe,;Si,.B,Nb,Cu,(at%) powder surface (a) Fe-based powder mixed with the binder of 3 wt%
(b) Fe-based powder mixed with 3wt% binder, annealed to burn out of solvent at 205°C (c) Fe-based powder mixed with 3
wt% binder, annealed to crystallize at 550°C (d) at 650°C.
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Fig. 3. The core loss variations of powder core with annealing temperature and wt% of polyimide- based binder (f = 100
kHz, Bs=0.1T)
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Fig. 4. Frequency dependence of initial permeability for Fe,,Si,;B,Nb,Cu, alloy nanocrystalline powder core annealed at
550°C mixed with various binder addition quantity.
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Fig. 5. TEM image of powder compact mixed with 3 wt%
binder after annealing at 600°C for 1 h. (average grain
size: 10~15 nm)
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Fig. 6. X-ray diffraction pattern of Fe,;Si;;B,Nb,Cu, alloy nanocrystalline powder core with annealing at 550°C for 1h

mixed with 3 wt% binder.
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