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In this study, soft carbonyl iron powder (CIP) was incorporated into soft magnetic composite (SMC) cores comprised of Fe-based
amorphous powder (AP) to improve the magnetic properties, and the effects of powder mixing ratios on density and magnetic
performance were systematically investigated. The results show that the soft CIP effectively fills the voids between the hard AP,
leading to enhanced core density and improved magnetic properties. In particular, under the condition of a 50:50 weight ratio of AP to
CIP, a high permeability of 39 was achieved without any additional heat-treatment process, which is comparable to that of SMC cores
fabricated using 100% CIP. The AP-CIP mixed SMC cores demonstrate the potential to overcome the low packing density of AP-
based cores and the inferior corrosion resistance of CIP-based cores, thereby simultaneously achieving improved magnetic
performance and durability. These findings suggest that the proposed AP-CIP hybrid SMC cores are promising material candidates for
enhancing the efficiency of next-generation power conversion devices and high-frequency inductors for electric vehicle applications.
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Table I. Mixing ratio of amorphous and carbonyl iron powder.

Weight ratio (%)

Samples

AP CIP
CP00 100 0
CP10 90 10
CP20 80 20
CP30 70 30
CP40 60 40
CP50 50 50
CP100 0 100
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Fig. 1. (Color online) X-ray diffraction (XRD) patterns of the
amorphous AP and CIP.
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Fig. 2. Scanning electron microscopy (SEM) images of (a)
amorphous AP and (b) CIP.
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Fig. 3. (Color online) Particle size distribution analysis results of (a) Amorphous powder AP, (b) CIP.
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Fig. 4. (Color online) Magnetic hysteresis loops of amorphous AP
and CIP powders measured at room temperature.
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Fig. 5. (Color online) Density and relative density of amorphous
powder cores with CIP content ranging from 0 to 100 wt.%.
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Table I1. Synthesis ratios of amorphous/CIP powders and density of
the corresponding amorphous soft magnetic composites.

Weight ratio (%)

Core density Relative density

Samples

CIP (g/em’) (%)
CP00 100 0 5.02 70.87
CP10 90 10 5.46 76.24
CP20 80 20 6.14 84.89
CP30 70 30 6.35 86.93
CP40 60 40 6.53 88.64
CP50 50 50 6.61 88.78
CP100 0 100 7.01 89.88
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Fig. 6. (Color online) Effective permeability of amorphous powder
cores with various CIP contents (0~100 wt.%) as a function of
frequency.
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Fig. 7. (Color online) Relative inductance of amorphous powder cores
with various CIP contents (0~100 wt.%) under an applied DC-bias
magnetic field.
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Fig. 8. (Color online) Core loss (Pcv) of amorphous powder cores
with various CIP contents (0~100 wt.%) measured at a magnetic field
of 20 mT.
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