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1 SEMK (a) F0; (b) F600; (c) FSO0; (d) FS600
Fig. 1. SEM images: (a) FO; (b) F600; (c) FSO0; (d) FS600.

K 2(a)—(d) 251 THES SEM EURLL K Fe,
Ni 1 Mo JLRICE A &, AT LIE ) Fe, Ni 1
Mo TR 5], IE 2(e) FE 2(f) 1A O
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2 FESFSO /Y (a) SEM KRR R (b)—(f) EDS JTE /A MGE  (a) SEM; (b) Fe; (¢) Ni; (d) Mo; (e) O; (f) Si
Fig. 2. (a) SEM image and (b)—(f) corresponding EDS element distribution of sample FS0: (a) SEM; (b) Fe; (c) Ni; (d) Mo; (e) O; (f) Si.
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(a)—(d) ¥ & FO iy XPS 423, Fe 2p, Ni 2p Ml Mo 3d i%; (e)—(h) # & F600 Ay XPS 4=,

Fig. 3. XPS image of sample FO and F600: (a)—(d) XPS survey spectrum, Fe 2p spectrum, Ni 2p spectrum and Mo 3d spectrum of

sample FO; (e)—(h) XPS survey spectrum, Fe 2p spectrum, Ni 2p spectrum and Mo 3d spectrum of sample F600.
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FeNiMo 84 SiO, % 25 PP i i 4K i 52 6 44
BHMEREE R E 5(c)—(d) Fras. B 5(c) # 400—
600 °C AbFH 5 4 it v A5AT 0GR AR, 700
800 °C AL (A it iR WA 3500 T3 SR . AR L
FHABLEIRIE, 600 °C Begb)mpiike (& 5(d)) fix
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TSR IEIR, IR 5(c) 1R B IR, IXFEL LR
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FS600 [ A5 1 d 4 600 °C, 78 50 kHz 4b
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TARLFR FeNiMo JE# 1 SiO, Ja M E &
MRE, Zead il JE R AR s TR AL B AL Si0, 1Y
BRWE S A PR B R B SR K, BFERRAIK.
K6 451 T Hy/Ar IRASUK 600 °C ALBESRY
B (F600), RALBEAY FeNiMo JF U8 SiO, J5
83 A (FS0) FEE i F600 41 7 SiO, Ji 18y K

15000

(b)

—e— F450
—— F500
—v— F550
—— F600
5000 r —« F650

10000

0 20 40 60 80
Frequency/kHz

PR 2 AN TR A SRR S5 T B B ARG S IR TERE () A

Fig. 4. Magnetic properties measured at B = 100 mT of soft magnetic powder core that is prepared by the FeNiMo powder treated

at different temperatures in Hy/Ar mixture: (a) Effective permeability; (b) core loss.

157502-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 71, No. 15 (2022) 157502
20000
512
(b) —s— 400 °C
2 256 =
S 27 15000
< g
g 128 =
- Z,
g 64 < 10000
s 32 o
& 3 5000
= o}
Lﬂ 16 -
g . . . . X 0 . . .
10! 102 103 101 105 106 0 20 40 60 80
Frequency/Hz Frequency/kHz
25000
512 (d) —=— 400 C
2 256 & 20000
= |
< g
] n
g 128 E 15000
5 &
g 64 <
g £ 10000
g 82 o
9} o]
&= —a— 400 C O 5000
A6k —— 500 C —v— 700 °C
(c) —4— 600 C —e— 800 C
8 . . . . X 0 n . .
10! 102 103 10% 105 106 0 20 40 60 80
Frequency/Hz Frequency/kHz

&l 5

£ B = 100 mT 4544 T, WA A4 & FSO FI FS600 7EA [ i BE il Kk 5 A #4 1E e

(a) B 5 FSO WA ZLRE T8 (b) B 5

FS0 MHFE; (c) Ff i FS600 M4 &G 52 (d) £ FS600 HFE. &l (c) T A4 12 800 C 424 5 & & Mt ik (1) SEM &
Fig. 5. Magnetic properties measured at B = 100 mT of samples FS0 and FS600 annealed at different temperatures: (a) Effective

permeability of sample FS0; (b) core loss of sample FS0; (c) effective permeability of sample FS600; (d) core loss of sample FS600.
The inset in panel (c) is the cross-section SEM image of the sample FS600 sintered at 800 C.
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Fig. 6. Comparison diagram of effective permeability and
core loss of samples F600, FSO and FS600.
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Fig. 7. Core loss of sample FS600 under different magnetic
fields.
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Table 1. Comparison of the magnetic properties of differ-
ent SMCs.
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FeNiMo/ o7 6 32178 100 [11
AlLO, ' : - - [11]
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Fe/AlL,O; 88.1 310.65 — — 20 8]
Fe/NiZn 43.5 94.83 43.14  199.3 20 [13]
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Fig. 8. Comparison of high frequency stability of different
SMCs.
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Fe/Al,03, Fe/NiZn 248 1A, FeSiCr/SiO, 55 F
Bt i A AR, ASCGE ST Hy/Ar BB S = R T
A BT L MY G L B IR R T A
FeNiMo/SiO, ¥l 52 4 MBHE 280G T 3 0%, i
FEAR T RSBy O S B AR, TR HA S 1Y)
R E M. PR Gt i S R s iR AL B T2
J W 4 2 G 2 AT DA R B M AR ARG O
MR BREVERE, AR O A AR BE A B T+
PRAL T AT T R A

Ff 5% A
AL AL RS AR U
Table Al.  Values fitted according to the test results.
Constant
Fixed condition
Cn o B
B=20mT 0.02702 1.56019 2.44999
B =50mT 0.01310 1.96241 2.26657
B =100 mT 0.02483 1.91492 2.18883
f=120kHz 0.03042 1.34380 2.36837
/=50 kHz 0.10170 1.63830 2.36837
f= 100 kHz 0.03017 1.30323 2.83566
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Abstract

Nowadays, metal soft magnetic materials are mainly used in electronic components such as high-frequency
inductors. Since all the elements in the soft magnetic alloys are transition metals, dense oxide layer is easily
formed on their surfaces, which can affect the regulation of soft magnetic properties. In order to solve the
problems, in this work, an innovative high-temperature pretreatment process in Hy/Ar mixture is adopted to
pretreat FeNiMo raw powders. We confirm that the high temperature treatment in reducing atmosphere can
effectively remove metal oxides from the FeNiMo material surface and increase the content of elemental states,
thereby further significantly improving the effective permeability of FeNiMo raw powders. The pretreated
FeNiMo powder is evenly coated with SiO, layers, forming the FeNiMo/SiO, soft magnetic composites.
Compared with the untreated FeNiMo powder coated with SiO,, the FeNiMo/SiO, pretreated with H,/Ar
mixture gas at high temperatures has high effective permeability and low loss. Our FeNiMo/SiO, cores prepared
by the synergistic effect of high-temperature pretreatment process in H,/Ar mixture and insulation coating
process have more excellent soft magnetic properties than other iron-based soft magnetic composites. Therefore,
the insulation coating after being pretreated at high temperature in reducing atmosphere can greatly improve
the permeability and reduce the core loss of soft magnetic composites. This will provide a new strategy for

enhancing the soft magnetic properties of the composite cores.

Keywords: FeNiMo, SiO, coating, heat treatment, magnetic properties
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