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Magnetic Properties and Resistivity of Soft Magnetic Composites
Regulated by SPS Enhanced Interface Reaction Mechanism
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Abstract: The design trend of the insulating layer of soft magnetic composite materials (SMCs) is to consider both
their soft magnetic properties and resistivity. In this study, using Fe/Ni, sZn, sFe,O, composite system as an example,
the influence of MnO, oxidant on the soft magnetic properties and resistivity of the samples is studied, and the re-
dox mechanism resulting from spark plasma sintering (SPS) at SMCs interface which improves the soft magnetic
properties and resistivity is revealed. The Fe@Ni, sZn, sFe,04(MnO,) core-shell composite powders with different
amount of MnO, (0, 0.1wt%, 0.3wt%, 0.5wt%, 1.0wt%) are prepared by ball milling, the Fe/Ni, sZn, sFe,0,(MnO,)
bulk SMCs are prepared by SPS. Their structures are characterized by SEM and XRD, and their electromagnetic
properties are tested by precise resistance tester and vibrating sample magnetometer. It is found that the resistivity
of Fe/Niy sZn, sFe,04(MnO,) bulk SMCs with 0.5wt% MnO, is 33.7% higher than that without MnO,, the saturation
magnetic induction strength is 6.9% higher. The results show that the SPS sintering enhances the rapid REDOX re-

action at the SMCs interface, and the addition of MnO, oxidants changes the ions concentration of ferrite at the
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SMCs interface, shows multiple effects of simultaneously improving the soft magnetic properties and resistivity of

SMCs, because it reduces the B-bit electron transition frequency, increases the effective Bohr magneton number,

and improves the B-B magnetic superexchange.

Key words: soft magnetic composite materials; spark plasma sintering; interface reaction; resistivity; magnetic

properties
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Fig. 1 SEM secondary electron images of air atomized Fe

powder (a) and pure Fe powder (b) coated with NijsZng sFe,04
(0.5wt% MnO,)
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Fig. 2 SEM secondary electron image of Fe/NijsZngsFe,Oy
(0.5wt% MnO,) bulk soft magnetic composite sintered by SPS

~ [v (311) 05vi% MnO; Block
a10) 3 v Gl ¢ o-Fe
) .
¢ = v Ferrite
2z
§ ‘ "
R} P Without MnOs Block "~
34.0 345 35.0 35.5 36.0 36.5
) (311)  (400) 20/() (211)
s a0y 2O .
< Y 4 A
I 0.5wt% MnO, Block
& A
2 Without MnO, Block
= )
A
0.5wt% MnO, Powder
311 Without MnO, Powder
@0 G YR oW

440
“wo @) Gy G40

Zn, sNiysFe,0, Powder

1 1 1 1 1

20 30 40 S0 60 70 80 90
20/ ()

B3 JRUA NigsZng sFe,0,4 83 K A IMAE N 0.5wt% MnO,
) NipsZno sFe O, BB 140 Fe ¥y A L FH SPS Ke4h j5 HLd e
W) XRD & i

Fig. 3 XRD curves of raw NijsZn, sFe,O4 powder, pure iron
powder coated with NiysZngsFe,O4 (without and with 0.5wt%
MnQO,) and SPS sintered block samples
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Table 1 Resistivity and saturation magnetization of
sintered blocks with different MnO, content

MnO,/wt% P/(uQ-cm) Ms/(A-m-kg ")
0 609 192.7
0.1 687 199.1
0.3 723 203.6
0.5 814 205.9
1.0 692 195.9
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Fig. 4 VSM curve of SPSed Fe/NijsZngsFe,O, (MnO,)
blocks with different MnO, contents
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