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It has been known that metal FeSiCr powders with large average particle sizes have been typically employed to prepare
magnetic powder cores (SMCs), with few studies reported on the influence of magnetic properties for original powders with
various average particle sizes less than 10 um. In this work, SiO,-coated FeSiCr SMCs with different small particle sizes
were synthesized using the sol-gel process. The contribution of SiO, coating amount and voids to the soft magnetic
properties was elaborated. The mechanism was revealed such that smaller particle sizes with less voids could be beneficial
for reducing core loss in the SMCs. By optimizing the core structure, permeability and magnetic loss of 26 and 262 kW/cm?3
at 100 kHz and 50 mT were achieved at a particle size of 4.8 um and ethyl orthosilicate addition of 0.1 mL/g. The best
DC stacking performance, reaching 87%, was observed at an ethyl orthosilicate addition rate of 0.25 mL/g under 100 Oe.
Compared to other soft magnetic composites (SMCs), the FeSiCr/SiO,; SMCs exhibit significantly reduced magnetic loss. It
further reduces the magnetic loss of the powder core, providing a new strategy for applications of SMCs at high frequencies.

Keywords: FeSiCr, SiO,, size effect, magnetic properties, DC superposition

PACS: 75.47.Np

1. Introduction

Metallic soft magnetic composites are known for their
high effective permeability (Ues), low coercion (Hc), and
minimal residual magnetic induction, therefore have a wide
range of uses in areas such as city power supply.[l?! FeSiCr
soft magnetic powder cores (SMCs) exhibit high Curie tem-
perature and saturation magnetization. Compared to pure
iron powder cores, addition of Si and Cr elements provides
them with higher temperature stability, better DC superpo-
sition characteristics, lower power losses, and resistance to
aging.!>* However, conventional all-metal magnetic powder
core materials face challenges associated with low resistiv-
ity, frequency instability, and performance deterioration at in-
creased temperatures, thereby limiting their utilization in ap-
plications. Typically, coating the surface of FeSiCr SMCs with
an insulation layer can effectively increase the electrical re-
sistivity and reduce the losses.[>®! These composites can be
categorized based on the cladding material into organic and
inorganic coatings, with inorganic coatings offering more su-
perior thermal stability and insulation properties relative to the
organic counterparts.[’~!3 As a representative inorganic mate-
rial, SiO» is easy to synthesize with a low melting point, which
is advantageous for forming a uniform glassy coating during
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annealing. Thus, SiO;-coated FeSiCr SMCs were favored by
many researchers.[16-17]

So far, a number of researchers have studied the varia-
tions in magnetic properties of soft magnetic powder core ma-
terials at a fixed particle size. For instance, Yu et al. em-
ployed the sol-gel method to fabricate FeSiCr/SiO, SMCs
with an average particle size of 8 pm, achieving a maximum
density of 6.2-5.8 g/cm® and a minimum magnetic loss of
418.32 kW/cm3.1'%l Li and his team prepared FeSiCr/SiO,
SMCs with an average particle size of 10.3 pm and ob-
tained a minimum magnetic loss of 493.3 kW/cm3.!7 De-
spite using the same raw material and coating method, pre-
vious FeSiCr/SiO, SMCs with various average particle sizes
all exhibited void defects, which led to different degrees
of magnetic loss deterioration. Moreover, studies on other
iron-based SMCs with different particle sizes have also been

18-201 Zhou et al. examined the effect of powder size

reported. !
on the magnetic properties of FeSiBC SMCs with three par-
ticle sizes (20-90 pm) using water atomized FeSiCr powders
and found that smaller particle sizes reduced voids and de-
creased magnetic losses to 239.15 mW/cm3.!'81 Woo et al.
revealed that FeSiCrB SMCs with the smallest particle size

(25 pum) possessed the optimal void structure and loss re-
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duction achieved.!'”) Dirk conducted theoretical calculations
to analyze the impact of particle sizes on the effective ini-
tial magnetic permeability, showing that the void structures
in the SMCs were decreased, and the magnetic properties
were improved as the particle size decreased from 500 um to

[16-201 j¢ could be inferred

63 um.?% From these earlier results,
that smaller particle sizes were advantageous for enhancing
the magnetic performance of SMCs. However, most research
has typically employed metal powders with larger average par-
ticle sizes, with fewer studies reporting on the influence of
magnetic properties for original powders with an average par-
ticle size less than 10 pm. Unfortunately, FeSiCr-based SMCs
with different particle sizes less than 10 pm have been rarely
fabricated, and the effect of such smaller FeSiCr particle sizes
with SiO» insulation coating on SMCs magnetic properties re-
mains unexplored to date.

In this work, FeSiCr/SiO, SMCs were prepared by using
the sol-gel method. The differences in magnetic performance
between two different particle sizes of FeSiCr SMCs are com-
pared. The coating thickness of the samples is modified by
adjusting the amount of tetraethyl orthosilicate (TEOS). The
sample’s magnetic properties as well as the DC, hysteresis loss
and eddy current loss are studied systematically.

2. Experimental procedure
2.1. Sample preparation

Two FeSiCr powders with different average particle
sizes, labeled as S1 and S2, were prepared using the cast-
ing method. The experimental schematic is shown in Fig. 1.
As a coupling agent and silicon source, silane coupling agent
(CoH23NO3Si, APTES, Chron Chemicals) and tetraethyl or-
thosilicate (CgH»¢pO4Si, TEOS, Chron Chemicals) were em-
ployed, respectively. FeSiCr powder (20 g) was used with
170 mL of absolute ethanol and placed in a water bath. A
mixture of 5 mL of APTES and 30 mL of deionized water was
then added to the solution, and the mixture was maintained un-
der mechanical stirring at 500 rpm for one hour. Following the
APTES reaction for one hour at room temperature, TEOS was
added (0 mL/g, 0.05 mL/g, 0.1 mL/g, 0.15 mL/g, 0.2 mL/g,
and 0.25 mL/g), and the temperature was further raised to
60 °C. After heating the solution for two hours, FeSiCr /SiO,
powder was obtained. The coated powder was dried at 60 °C
for 24 hours. Epoxy resin (1 wt%) was dissolved in acetone,
then the coated powder was added and stirred until the ace-
tone was evaporated. As a lubricant, 0.5 wt% zinc stearate
was added to the coated powder before pressing. The powder
mixture was pressed into an annular sample with an outer di-
ameter of 12.8 mm and an inner diameter of 6.4 mm under a
pressure of 1950 MPa. Following annealing at 600 °C for two
hours in a vacuum atmosphere, the sample was cooled in the
furnace.

APTES
’ TEOS
FeSiCr

FeSiCr/SiO; composites

Stirring .
r N
L

v @

Molding

FeSiCr/SiO,

FeSiCr/SiO, SMCs
eSiCr/510; s green bodies

Fig. 1. Schematic diagram of the experimental setup.

2.2. Dissipation of losses

Losses were tested using a B—H analyzer to measure the
total loss of samples. To investigate the response mechanism
of insulation-coated SiO; to reduce eddy current losses, we
performed loss separation of the total losses to obtain the cor-
responding different types of losses. The total losses (P.y) can

be expressed as?!-2]

PCV:H1+P6+PCX7 (1)

R=f f Hap, @
2 2 32

&:g%jﬂ 3)

where B, is the hysteresis loss, f is the frequency, H is the
magnetic field, and B is the magnetic induction, P, is the eddy
current loss, C is the proportionality constant, B is the flux
density, p is the resistivity, and d is the thickness of SMCs.

Based on the above equations, the power loss can be ex-
pressed as

“
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where Cy, and C, are two constants. Thus, B, is proportional to
f. P. is proportional to f2, P. is often negligible. Therefore,
we can fita Py /f vs. f curve linearly. The intercept and slope
in the P,y /f vs. f curve are G and C,.

Thus, B, and P. can be calculated according to the follow-

ing equations:

P =Gif, (©6)
P.=Ccf*. 7
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Fig. 2. (a) Particle size distribution and (b) average size of different
types of FeSiCr powders.
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Fig. 3. XRD of powders.

2.3. Material characterization

Particle size analysis was conducted by employing a laser
particle size analyzer (Malvern Rasterizer 3000). The mi-
crostructure of the FeSiCr/SiO, powder cores was examined
via scanning electron microscopy (SEM, TM4000, Hitachi).
To characterize the silica insulating coating, energy dispersive
spectroscopy (EDS) elemental mapping was employed. The
resistivity of the powder cores was assessed using a four-probe
resistance tester (RTS-8). The density of SMCs was deter-
mined using the density balance. The AC magnetic properties
of the samples were evaluated utilizing a B-H curve analyzer
(SY-8218, Iwatsu) across a frequency range of 10-100 kHz,
with a B value of 50 mT. Furthermore, the DC superposition
characteristics of the powder cores were investigated by em-
ploying a TH1776 DC bias current source. The TH1776 DC
bias current source was employed to measure the inductance
(L) of SMCs without magnetic field as Ly. The L/L charac-
terizes the reduction of inductance with applied magnetic field,
the larger the L/L the better the DC bias performance.

3. Results and discussion

Figure 2 shows the particle size distribution of the two
FeSiCr powders. According to the data in Fig. 2(a), the aver-
age particle size of the two powders can be calculated using
the formulal?*!
i1 Dl

n q
i=1 Di,v

Dlp,q) = (®)

where i represents the i-th column in the histogram, there are
a total of n columns in the figure. D; represents the geomet-
ric mean of the particle size of the i-th column, which is the
square root of the upper particle size times the lower particle
size. As a result, the average particle sizes of S1- and S2-type
FeSiCr powders are 4.8 pm and 7.2 pum, respectively.

As shown in Fig. 3, only three diffraction peaks of the
Fe phase with the simple cubic structure can be observed in
the XRD pattern of pure Fe powders without SiO;, coating.
By comparison, after SiO; coating, in addition to the three
diffraction peaks of the Fe phase, a “round hump” appears at
26 = 15°-30°, indicating that the coated SiO; is amorphous
phase.
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Fig. 4. Effect of the addition of TEOS on (a) resistivity, (b) density and
P of the FeSiCr/SiO; SMCs at B =50 mT and f = 100 kHz.

Figures 4(a) and 4(b) present the electrical resistivity and
density of FeSiCr/SiO, SMCs prepared with different TEOS
addition amounts. As the number of cladding increases, the re-
sistivity increases, indicating that more SiO; formation leads
to an increase in the insulating properties of the SMCs. Also,
the values of resistivity of S1 and S2 are close to each other,
indicating the close amount of SiO, cladding [Fig. 4(a)]. For
comparison, we tested the average particle size of pure FeSiCr
and SiO;-coated FeSiCr powders using a laser particle sizer.
As shown in Fig. S3 of supplementary material, the average
particle sizes of SMCs with the TEOS amounts of 0 mL/g,
0.1 mL/g, and 0.2 mL/g are 4.8 um, 13.6 um, and 18.8 pum,
respectively. Obviously, the particle size of FeSiCr powders
increases with the TEOS amount, which can be attributed to
the increase of silica coating thickness derived from TEOS
hydrolysis. The result has also been demonstrated that the
increase of TEOS contents induces the thicker silica coating
in previous works on SiO;-coated Fe-based SMCs using the
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16,171 The more insulating SiO; shell on the

sol-gel method.!
FeSiCr core induces the increased resistivity, which is a direct
inducement to reduce the eddy currents (£,).['% The density of
SMC increases gradually with the increase of TEOS contents
[Fig. 4(b)], which is related to the number of voids. The void
rate (P) can be calculated by the formula
Po
XPresicy + (1 —X)psio,

where pg represents the actual density of FeSiCr/SiO, SMCs;

P=1-

®)

Presicr [Fig. 4(b)] denotes the measured density of FeSiCr
SMCs without coating (4.6 g/cm?), while Psio, signifies the
theoretical density of SiO; (2.6 g/cm3), x is the mass fraction.
Noteworthily, with a relatively lower TEOS content, the de-
cline degree of density is smaller than that of larger contents.
Correspondingly, the P shows two different trends, displaying
that the P decreases at first and then increases with the increase
of TEOS contents. There are two types of structural changes
in SMCs: the first is the increase of SiO, thickness. This re-
sults in a decrease in the overall density of SMCs since the
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atomic mass fraction of SiO; is significantly lower than that
of FeSiCr. The second type is the void variation. With a lower
amount of SiO; coating, the void tends to decrease. It indi-
rectly suggests that a thin SiO, coating can better maintain
the integrity of the SMCs’ sphericalshell structure, thereby
enhancing their overall magnetic properties. In contrast, as
the amount of SiO, coating increases, the P becomes signif-
icantly greater in company with the more pronounced down-
ward trend of densities. The overuse of TEOS causes the shed-
ding of the SiO; layer [Fig. 4(b)]. The resulting heterogeneous
cladding structures generate more voids. Therefore, the P first
decreases and then increases, with a minimum of 2% at TEOS
of 0.1 mL/g. From 0 mL/g to 0.1 mL/g TEOS contents, the de-
crease of P for S1- and S2-type SMCs is 8% and 6%, while the
increasing P of S1- and S2-type SMCs is 36% and 23% from
0.1 mL/g to 0.25 mL/g, respectively. Obviously, the changed
degree of P in the S1-type SMCs is greater than that of S2.
Thus, smaller particle size of SMCs has higher densities and
lower voids.
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Fig. 5. Comparison of magnetic properties of S1 and S2 types of FeSiCr/SiO, SMCs on (a) U, (b) Pey, (¢) Hc, (d) By at f = 10 kHz

and B =50 mT.

Figure 5 shows noteworthy distinctions in the magnetic
properties between the S1- and S2-type SMCs, employing
identical preparation conditions. For the S1-type SMCs, the
Uesr 1s notably higher than those of the S2-type SMCs, and
the Uesr decreases with the addition of TEOS [Fig. 5(a)]. In
the uncoated case, the U of S1 is much larger than that of
S2, because the non-magnetic voids of S1 are less than that
of S2 [Fig. 4(b)]. With the increase of TEOS contents, the

Si0O; coatings with larger average particle sizes are more likely

to drop off (Fig. S2 in supplementary material), because the
Si0;-coated FeSiCr powder particles with larger average par-
ticle sizes have the greater contact areas. In this case, the ad-
hesion of SiO; shell on the larger FeSiCr particles is weaker,
making the coating easier to drop off under high-pressure com-
pression. After the SiO, coatings drop off, the FeSiCr parti-
cles are exposed, consequently inducing that the L. decreases
more slowly. Compared to the S2-type FeSiCr/SiO; SMCs,
the S1-type core exhibits a smaller core loss (P.y) [Fig. 5(b)],
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lower coercivity (Hc) [Fig. 5(c)], and greater remanence (B;)
[Fig. 5(d)]. This is due to the fact that smaller sized parti-
cles have less voids, resulting in a weaker pinning effect, mak-
ing the smaller Hc and P., of S1. The more voids mean the
lower magnetism. Thus, the B, of S1 is greater than that of
S2. As shown in Figs. 5(b)-5(d), with the increase of TEOS
addition, the P, and Hc of SMCs are both decreased, and
then increased, while the B, is decreased. Overall, the S2-type
SMCs have a lower degree of variability in Py, Hc and B;
than that of S1. The increase of voids and the contents of non-
magnetic SiO, act to anchor the domain walls, which in turn
require additional energy to achieve the same magnetization or
demagnetization processes, thereby increasing the Hc.**! On
the contrary, the decreased voids could induce the reduction of
Hc. As aresult, the Hc is correspondingly decreased and then
increased [Fig. 5(c)]. The magnitude of change in Hc of S1 is
larger than that of S2 because of the large change in the void of
S1 (Fig. 4). The increase of non-magnetic SiO, could further
result in the decrease of B; [Fig. 5(d)], meaning the weaken-
ing of magnetic properties. The magnitudes of changes in Hc
and B; of S1 are larger than those of S2 because of the greater
changes in the void of S1 (Fig. 4).

10 pm

Fig. 6. SEM images of Sl-type FeSiCr powder particles with different
TEOS amounts of (a) 0 mL/g, (b) 0.1 mL/g, and (c) 0.25 mL/g.

Based on the superior magnetic properties, the S1 type of
FeSiCr powders are adopted to investigate the coating process
on its magnetic performance. The magnetic loss mechanism is
further analyzed in the following. Figure 6 displays the surface
morphologies for the S1-type FeSiCr powders coated with dif-
ferent TEOS amounts. From Fig. 6(a), pure FeSiCr powder
presents an obvious spherical structure. As the coating amount
increases, the insulating coating layer progressively builds up.
A uniform layer of coating is formed on the outer surface of
the FeSiCr particles [Fig. 6(b)]. The Si and O elements are
uniformly distributed on the surface of the FeSiCr particles
(Fig. S1). In combination with XRD analysis, the coated SiO»
is demonstrated to exhibit amorphous state (Fig. 3). Therefore,
we can conclude that the amorphous SiO, coating is uniformly
clad on the crystalline FeSiCr particles. With further increase
of TEOS amount, the coating layer on the outer surface of
FeSiCr particles starts to exhibit flocculent matter, as seen in
Fig. 6(c).

As shown in Fig. 7(a), the annealed S1-type SMCs exhibit
a complete spherical structure as the TEOS coating amount is
0.1 mL/g. In Fig. 7(b), with increasing the coating amount

to 0.25 mL/g, excessive SiO; coating leads to partial coating
layer detachment, resulting in an incomplete spherical shell
structure of the SMCs. Further elemental analysis of the in-
complete coating layer (Fig. S2) indicates the presence of only
Si and O elements, suggesting that the excessive SiO, coating
is unfavorable for the formation of the complete sphericalshell
structure in SMCs, which may influence the magnetic perfor-
mance.

Fig. 7. SEM images of samples after high temperature annealing of S1-type
SMCs with (a) 0.1 mL/g and (b) 0.25 mL/g.

Since the P, of the SCMs are primarily composed of
P, and P., we further divide the P., into P. and B, to in-
vestigate the influence of the coating process on the SMCs
losses.[1%23] Figure 8 illustrates the soft magnetic performance
of FeSiCr/SiO, SMC:s. In Fig. 8(a), it can be observed that the
Uesr remains nearly constant with varying frequencies. The Py
[Fig. 8(b)], P, [Fig. 8(c)], and P, [Fig. 8(d)] all increase with an
increase of frequencies. With an increase of TEOS addition,
the u.s decreases [Fig. 8(a)], owning to the increase of the
non-magnetic SiO, contents within the SMCs. In Fig. 8(b),
the P, shows a trend of decreasing first and then increasing
with changes of TEOS addition.

Figure 9 gives the magnetic loss as a function of TEOS
addition. The S1-type SMCs with the smaller particle size
have lower P.,, P. and B, than those of S2-type SMCs. The
resistivities of S1 and S2 are comparable [Fig. 4(a)], so the dif-
ference in P. is not significant, demonstrating the close amount
of SiO, coating on the particle surface with different sizes.
The P. decreases with the increase of TEOS amount. The more
non-magnetic SiO, content increases the resistivity and thus

(231 The P. does not change obviously, which might

reduces P..
attribute to the thinner cladding layer relative to the large par-
ticles. The B, for S1-type SMCs is smaller than that of S2, be-
cause the P of S1 is less than S2 [Fig. 4(b)], resulting in a more
pronounced pinning effect for the S2. Overall, the A, plays a
dominant role in the Py, inducing that the total P, of S1 is
less than that of S2. Notably, increasing the amount of TEOS
results in a decrease of A, initially, followed by an increase
(Fig. 9). The B, refers to the energy consumed during the re-
peated magnetization process of ferromagnetic materials due
to the magnetic hysteresis. These losses are primarily caused
by the pinning effect of domain walls during the magnetization
process.'?>! With the increase of TEOS contents, the voids first
decrease and then increase [Fig. 4(b)]. During the magnetiza-
tion process, the P can act as pinning centers for domain walls,
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impeding the movement of domains. Consequently, the Hc
first decreases and then increases, leading to a similar trend in
the B,, which initially decreases and then increases. The addi-
tion of the coating layer could fill the voids, making the denser
structure and reduced P. Later, with the overuse of the TEOS
contents, the coating layer is broken [Fig. 7(b)], forming the
heterogeneous sphericalshell structure with the larger P. In

50
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the smaller particlesize SMCs, the less voids signify that the
same amount of SiO; is more likely to fill the voids, present-
ing the more obvious variations of voids in the S1-type SMCs.
Therefore, smaller particle sizes with less voids are beneficial
for reducing P, in the SMCs. As the TEOS coating increases,
the B, dominates the Py, causing the P,y to first decreases and
then increases.

(b)—=—0 mL/g
1500 4 —e—0.05mL/g
0.10mL/g
—v—0.15mL/g
1000 0.20mL/g

—<4—0.25mL/g

500

Core loss (kW /m?)

(d) —=—0mL/g

15001 —e—0.05mL/g
0.10mL/g

—¥—0.15mL/g

10001 0.20mL/g
—<4—0.25mL/g

o

==l

(=}
!

Hysteresis loss (kW /m?)

0 20 40 60 80 100
Frequency (kHz)

Fig. 8. Effect of the addition of TEOS on AC magnetic properties of the FeSiCr/SiO, SMCs on (a) Uegt, (b) Pey, (¢) By, (d) P. at various
f and B =50 mT. The inset in (c) shows a decrease of P, as TEOS addition increases from 0.05 mL/g to 0.15 mL/g.
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Fig. 9. Magnetic loss of FeSiCr/SiO, SMCs on P.y, B, and P, at
B =50 mT and f = 100 kHz with TEOS additions.

After optimizing the insulation coating processes, the
magnetic performance of the FeSiCr/SiO, SMC reaches its
optimum at B = 50 mT and f = 100 kHz, with a ey of
26 and P., of 262 kW/m>. Table 1 provides a comparison
of the effective permeability and losses of different types of
soft magnetic composite materials. Researchers previously
prepared FeSiCr SMCs with four particle sizes of 820 pum,
which were obtained as the L of 16.3-45.52 and P,y of 239-
1500 kW/m? at a magnetic field of 50 mT and a frequency of
100 kHz.[16-18:2627] Geng et al. reported FeSi/ZrO, SMCs
(45 pm), with a P, of 489 kW/m? (B = 50 mT and f=
50 kHz).!?8! Lei et al. fabricated Fe/Al,03 SMCs (70 pm), re-
sulting in a Ueg of 35 and P, of 400-500 kW/m? (B =20 mT

and f = 100 kHz).!*®! Wang et al. prepared FeSiCr/CaCO3
SMCs (40 pm), achieving a U of 27 and P, of 466.5 kW/m3
(B =50 mT and f = 100 kHz).*°! Our FeSiCr/SiO, SMCs
have relatively higher g of 26 and lower P, of 262 kW/m3
at B=50mT and f = 100 kHz under the same test conditions,
making the SMCs more conducive to device applications.

Figure 10 shows a comparison of the magnetic perfor-
mance among the FeSiCr/SiO, SMCs produced in this study
and currently available commercial FeSi-based SMCs. Com-
pared to the FeSi-based SMCs with a size of 0.356 cm?
produced by Beijing Seven Star Flight Electronics Co., Ltd.
(SSFE), the FeSiCr/SiO; SMCs prepared in this study has
a slightly lower U (56%), surprisingly companying with a
significantly lower P, (62%).13!l Relative to the Magnetics
(MAG) in U.S.A. (size 222 mm?) and Chang Sung Corpo-
ration (CSC) in South Korea (size 14.048 cm?), our SMCs
shows lower Ut (56%) and reduced P, with decreases of
62% and 71%, respectively.'®>33] In comparison to the FeSi-
based SMCs with a size of 0.356 cm? prepared by Zhejiang
Dongmu Keda Magnetics & Electronics Co., Ltd. (KDM), the
Si0;-coated FeSiCr SMCs prepared here has the same g of
26 and reduced P, by 47%.134 Therefore, the FeSiCr/SiO,
SMCs developed in this work have lower losses and are ex-
pected to be a valuable resource for domestic applications of
SMCs at high frequencies.
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Table 1. Comparison of magnetic properties of different soft magnetic materials.

50 kH 100 kH:
SMCs Particle size (um) z 3 z 3 B (mT) References
Heft Pey (KW/m”) Hetr Pey (kW/m°)
FeSiCr/SiO; (S1) 4.8 26 112 26 262 .
X . 50 this work
FeSiCr/SiO; (S2) 7.2 7.9 881 8 1542
FeSiCr/SiO, 8 45.52 418.32 50 [16]
FeSiCr/SiO, 11 4 493.3 5 [17]

FeSiBC 2 18 239.15 5 [18]
FeSiCr/MgO 14 24 433.55 50 [26]
FeSiCr/PA6 10 16.3 1500 50 [27]

Fe/Al, O3 70 35 400-500 20 [29]

FeSiCr/CaCO3 60 27 466.5 100 [30]

800 T ‘ ‘ ‘ ‘ ‘ a thin SiO, coating could well maintain the integrity of the

. SMCs’ spherical-shell structure, thereby enhancing their over-

é 600 ~ all magnetic properties. More SiO, coating induces the greater

E voids in company with the more pronounced downward trend

A 4001 of densities. The fluctuation of voids generates the consistent
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S variations of coercion, hysteresis loss and total loss, which

@]

{o; 200 4 first decrease and then increase. By contrast, the voids are
more important and are related to the SiO, coating thickness,
playing a major role of hysteresis loss in the total loss. Us-
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¥ ing the smaller particle sizes could be capable of decreasing
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Fig. 10. Magnetic properties of FeSiCr/SiO, SMCs produced in this
study compared with commercial FeSi-based SMCs.

The presence of a DC component in an AC power sys-
tem can lead to a decay in L, which is called the DC bias
performance. *33¢1 Compared to the FeSiBNbCu/ZrO, SMCs
prepared by Zhou et al. with a DC bias performance of 59.3%
at 100 Oe, our SMCs have a comparable P, and better DC bias
performance (65%) at the same initial permeability. There-
fore, the FeSiCr/SiO, SMCs could meet the requirements of
relatively low P, and high DC bias performance, indicating a
good application prospect for power magnetic devices.

4. Conclusions

The FeSiCr/SiO, powder cores were prepared using the
solgel method. Suitable TEOS amount was added to produce
the SiO, coating outside the FeSiCr particles to form a core-
shell structure, while the overuse of TEOS caused the shed-
ding of the SiO; layer. The influence of magnetic SMCs prop-
erties for original FeSiCr powders with different particle sizes
less than 10 um is explored. During the process of SMCs syn-
thesis, the cooperative effect of the SiO; coating and voids on
the soft magnetic properties of SMCs is revealed. With the in-
crease of TEOS contents, the slight increase of SiO» thickness
relative to the micron-sized particles induces the weak varia-
tions of resistivity and eddy current loss. In addition, the voids
are first decreased and then increased. With a lower amount
of SiO; coating, the voids tend to decrease, suggesting that

ing to the coating optimization, we achieve U.g and P., of 26
and 262 kW/cm3, respectively, at 100 kHz and 50 mT for the
SMCs. Under identical preparation conditions, our SMCs ex-
hibit enhanced DC stacking performance, reaching up to 87%.
By adopting the strategy of smaller FeSiCr particle sizes, the
soft magnetic properties and DC bias superposition character-
istics of FeSiCr/SiO, SMCs are significantly improved.
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