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Fig. 1. Schematic diagram of the preparation of v-Fe,;N composite.
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Fig. 2. X-ray diffraction patterns of nitriding products syn-

thesized under different temperatures and times.
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Fig. 3. (a) SEM image of none easy plane 7-Fe,N particles; (b) SEM image of easy plane 7-Fe,N particles; (¢) SEM image of a

single easy plane 7-Fe,N particle profile.
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Fig. 4. Hysteresis loop measured and J-A model fitted: (a) None easy plane 7-Fe,N powder; (b) in-plane and out-of-plane of easy

plane v-Fe,N composite.
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Table 1. J-A fitting parameters of none easy plane
v-Fe,N powder and easy plane 7-Fe,N composite.
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Fig. 5. (a) Magnetic spectrum measurement of easy plane
and none plane Y-Fe N composite; (b) magnetic spectrum
measurement and fitting results of easy plane 7-Fe,;N com-
posite; (¢) magnetic spectrum measurement and fitting res-

ults of none easy plane 7-Fe;N composite.
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Table 2. Magnetic spectral fitting parameters of easy

plane v-Fe,N and none easy plane 7-Fe;N composite.
WEEERS 3 W %2

Xdo wdo/loloﬂ/lom Xs0 wso/lo 10 9

Syy-Fe,N
g 6.0 0.3 5.8 4.7 0.7 1.2
Ak 5 iy -Fe,N
-
oy 5.8 4.0 10.0 3.7 1.3 1.5

Kl 6 Sk T B AN AR ) 1 Yy -Fe N B A W HE
8 mT T, AR PO HFE L L & 1 B R 5
Y -Fe,N & AW A/ B 45 1, BB S,
WL 3. K 6 nTLUIE H, EMRIZAET, Sl
Y-Fe,N &4 W B AE D) R 28] BAKFHE 5 ifi Y
Y-Fe,N Z4W). HIANAE 1 MHz, 8 mT Bl 414
T, Z HAFE R A 142.17 kW /m?, JE 5 AL 5
FEE 2k F 205.48 kW /m3. MRHEk L B T
SUSRRE T 43 Sk 0 ke B RE | 08 AT 5L RE AR A 4 RE -
Pey = Physt + Peady + Pexc- (5)
Mg Kollar & 1E i) Steinmetz 15 84 44 451 #&
A YNE
Wev = Whyst + Weady + Wexe
= KyBjy + K'BY f + KM By f + KB 2, (6)
X Ky, KM, K™, K G35 R e RE | kL]
TR UKL P o I R AR A0URE. Rt TP B DIAE Py
AR (5) T VIREL f3RA5:
Foy = Wey [ = Pryg + Peady + Pexc
= ey B + iy B
+ R Baf? + cexe BR Y. (7)
& 6(e), (f) FE 7 0T LLE iR i FEdE 5
I, FEARII B, WM A N EZEHFE, B %1
BAHER, FRFE A7 LBl b T, 7RISR S 1Y
BT A ADURE R R R T B R RO TR AR, Xl
BT AT RERE ) 3 R A
HFIMNAF ) Py B LISTFAT B R 1 Wy,
SRJG R AR 15 51 [ W, FE3fe LAFOR 1 45
R SR FE. XIS BIANTE] By T ARG A 5
FE, XU TR LRI A BT LA RE i I FE &R
B B W85, AR5 © A IR i A =X 2420

137501-5



) 32 2 3R Acta Phys. Sin. Vol. 72, No. 13 (2023) 137501
120
220 [(a) —=— JESTHA-FesN (b) —=— JE5 iy -FesN
200 + —o— BTfiy'-Fe,N . ye 100k —o— Bliy-Fe,N /-
180 | o .
_ 160} y S sl e
7o) A ~
s 1201 y e 2 ol e -
= 100} /' o 3 o o«
~ o« ~ e o«
Qj? 80 / £ a0t - o
60 | / e s o /./
a0} e S
20+ » e
L e
2& (/ 43
1 1 1 1 1 0 1 1 1 1
0 200 400 600 800 1000 0 200 400 600 800 1000
Frequence/kHz Frequence/kHz
0.10 120
0.09 [(c) —= A5y -Fe,N o (d) —=— JEHIHY'-FesN
: —o— Sfiy'-Fe,N —o— S)ifiy-FeyN
0.08 | / 100 | ./'
007} * -
T 006l ./ . 8of ./
; / ; - e
; 0.05 B 6ol / /.
< o004} ¢ = .
D:é 0.02 L o/ — & 40y °
. P — o
0.01f ¢ — 20 <
0 lﬁl/l/'/. / /
—0.01 L L L L L 0 l/ L L L L
0 200 400 600 800 1000 0 200 400 600 800 1000
Frequence/kHz Frequence/kHz
100 4 (e) fratiziztaa 100 4 (f) AR j
W R ARFE RS “
30 m F A 80 m A |
- 2 |
g 60 g 60
z z
= =
< 40 < 40
A A
20 20

o

4
6
@/'IIT

Bl 6 B=8mT | fiHfaESHv-Fe,N & &Y 1 #E
Fe,N Z A WIMIRFEN B4 H,; (f) Z 1 v-Fe,N Z &YW M BHE > B 45 5%

o

(a) BFE; (b) BEMBAFE; (c) WL HFE

4 R
Y g 0 e
s (d) BIRIRFE; (e) RS HI Y-

Fig. 6. Losses of easy plane and none plane 7-Fe,N composite at B = 8 mT: (a) Total losses; (b) hysteresis losses; (c) eddy current

losses; (d) residual losses; (e) depletion separation results of none easy plane v-Fe,N composite; (f) depletion separation results of
easy plane 7-Fe,N composite.
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Simulated parameters for loss separation of none easy plane v-Fe,N composite and easy plane 7-Fe,N composite.
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Fig. 7. Loss separation at B = 8 mT: (a) Easy plane 7-Fe,N composite; (b) none easy plane v-Fe N composite.
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4 # #

ARSI PRSI 4 T 2liAH v-Fe,N/PU &
BB, FULE B SIS AR B EDHIE T AR 5 T
P, BRI F ) TR A T S ARG SR i
FEOr B 4E LW 78 1 MHz, 10 mT A9 T, Bk
V& i oy 1T v-Fe N /PU & & M B D) 3 S5 6
4 235.06 kW /m?, HIRFHFE R 0.14 kW /m?, {2
A SRR 1%, E S LR 1 MHz DL, Bl
PR 2 IR BRI A5URE IO BRI RE 1 T2 2L 4y, 8
T BRI 7 vk Al AR B T AR R BRI R ) T
Y-Fe,N A M B BRAL T S Hiae. Xulis
BRI S, TR E A MR I RE T BEAS
P, 5B WBG 19 7 H L gk.
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Abstract

Soft magnetic composite materials are prepared by mixing magnetic materials and insulating materials,
which possess both the excellent magnetism of magnetic materials and the low resistivity of insulating materials.
They possess broad application prospects in emerging power electronics industries such as photovoltaic
inverters, new energy vehicles, and charging stations. The third-generation high-frequency wide bandgap
semiconductors, mainly composed of SiC and GaN, have the operating frequency of soft magnetic materials
raised to MHz. However, current soft magnetic materials have significant core losses at high frequencies.
Therefore, people are focus their attention on developing new soft magnetic composite materials to reduce iron
core losses at high frequencies. In this paper, 7-Fe ;N with high resistivity is prepared by nitriding carbonyl iron
powders, showing its excellent soft magnetic properties, and the 7-Fe,N is ball-milled to become easy plane v-
Fey,N powder. Compared with the none easy plane 7-Fe,N powders, the none easy plane v-Fe;N powders are
spherical in shape, the easy plane Y-Fe,N powders exhibit a high aspect to thickness ratio in sheet shape. The
obtained easy plane powders are mixed with polyurethane insulation to make the soft magnetic composite.
There is a significant difference between the in-plane and out-of-plane hysteresis loop of the magnetostatic easy
plane 7-Fe,N soft magnetic composite, and the in-plane hysteresis loop is more easily magnetized to saturation
state. The degree of plane orientation is 98.46%. The fitting analysis results of the Jiles-Atherton model also
prove its easy plane characteristic, and has higher effective permeability and lower power loss than the
counterparts of the none easy plane 7-Fe,N composite that is not ball-milled. After loss separation, it is found
that in a low frequency range, hysteresis loss is the main loss, while in a high frequency range, the excess loss
will surpass the hysteresis loss, acting as the main loss, the magnetostatic easy plane Y-Fe ;N soft magnetic
composites material reduces hysteresis loss and excess loss. Comparing with similar soft magnetic composites,
the eddy current effect in magnetic iron particles is reduced by nitriding process, and the magnetostatic easy
plane 7-Fe N soft magnetic composite has excellent high-frequency soft magnetic properties. Magnetostatic easy
plane 7~Fe,N provides a new idea for the high-frequency application of soft magnetic composites matching the

third generation wide bandgap semiconductors.

Keywords: 7-Fe N, nitride, ball-milled, power loss
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