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Fig.1 One-dimensional model of exchange coupling™’
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Fig.2 Demagnetization curves with different soft magnetic phase
widtht®!
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Fig.3 A multilayer structure composed of alternating hard and

soft magnetic regions®!
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Fig.4 Two-dimensional model of exchange coupling
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i‘% 1 Pr2F814B/a-Fe éﬁ*g*ﬁ i}(ﬁﬁé%@i'liﬁg

Table 1 Magnetic properties of PrFe14B/a-Fe nanocomposite

permanent magnet alloy

D/nm v/% JIT oH/T
10 0 1.02 2.30
10 28 1.20 131
20 0 0.90 2.58
20 28 1.06 0.96

AL S N TR R SRR, B RRT SRR
XA BE SR, {E ST R SRR R AR B — R
(RS 7 R AR, T LR IR R SR /N, KB R 100 nm,
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) = e Y
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T AR 1) S B 7 A 0 1 e g el R SRR
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B SEREL Ha 5 Hea 70 B NIBRL RSN« A

K5 ZHel A 1 =4 PROTHEA

Fig.5 Three-dimensional finite element model of exchange

coupling™!
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SRR AR SRR ST TR B R4 T A
bl — 2 R 2 B2 B U 45 90 K AR AR R R ) SE R
B, AEHER I SEPRTE BB TR NS 2, 3K
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A v B S KA RERR . TR b 0 e i S 52 e A 5 1 H
FOREE, A LE AT R B R AR AR
RLR A, AR R K RER BAEAE 5SS el 5 1 H
ST R R AL A S5 4y s A TR 70 BB R
AEREVERS RO B 5 G5 A, 3 o 00 %% ARG A B AR R A —
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HAFRMIE I, R BURE P 23 A il R ] 10 58 b 15 1 1

FIH — 8% #h 26 (first order reversal curve, FORC)
GYMT T, BREAS RT3 A S B 3 4 Rl A4S 3 R[]
(1) 22 # 48 E AR FH AN 0D ) 3 AR, =2 40 B 5 #
MElEHE R,

2.1 Henkel i 535

Tl A F SR i 2 20 RS [ R 3R, —
FROAZETR BTG ZE (isothermal remanent magnetisation,
IRMD , 38 i 445 18 T A i Ak BB T 328 5 184 o 7 1 3 ke Il &2
ANE G B I REAG AR L s 55— FRRR A ELIRCAR i th
#¢ (DC demagnetisation, DCD), ¥ £l 41k )i
FREAR (P R AARAE 2 A 3 2 w0 55 7 ) R A 5 5

YRR K WA R . R i oL T P A B R B
BAWMIEI, 2 a A aoR ] )RR FH AR BAE FH EA
T R4S R 8] B A B 5 1 FR 28, o 1) f K L PR
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F U270 2 AN SE iy 25 2 -
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Pl RMEACSRIE, Mi(HYAAFE G 2R, IRM 2
R R R R A R o X T — B e WA, My(c0)
REAHEL BTEL Mp(H)5 Mi(H) 2261k & .

(2) ZHHEAERE, Mp(H)5S M(H)2 1 & 4k
PR AR, H IMH)ER,

SM(H) =my(H) —[1-2m;(H)] (4)

4 SM(H) R 7R H Sk (1 1 26 F7  Henkel 2k, =0
mq(H)5 mi(H) 2 5l 18 i ith 25 15 4] 46 1 A b 28 1 7 1
Eb. Henkel HiiZEH (1) M K/NRIR T ki [a] (1) 40 HAE
MR, SM>0 KM &K ZHEMEMEHHES, &
oz 6] FH ELAE FH AR 3 RGP AL, S 06 {7k e £ 3R A8 e 4
G AERBR R, 2 TS B R TR P R A B A
R, dkEAE BAE AR R R R WAk, R sM=0
Wi BH SRR B A AR AR A .

Iy R 25 BRI S 1 A [ R v o T 4 2K AR i T
M RFE 1 BE S e, WA ) Henkel Y 26 4 1] 6 T o
AR N 15 m/s I, M UE{E B A, U0 EH G AR
TR 2 TR) A2 e f 5 A FH B, RO 8 mis BF, A&
W RSFBOR, A ¥ A6 A 4F G 7 ffokl ROST LG 1 4
AN, BRI EAR T 15 m/s, $REBE NS 65 m/s, 44
KEMAKHME &2, RG22 #
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4 T 295 3 1] Nd-Ce-Fe-B & 4 Tl A A
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Fig.6 3M(H) curves of NdgsFezsZr;CosBss alloys annealed at
optimal temperature with the wheel speeds of 8, 15,
65 m/s?!
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Fig.7 Henkel curves of (NdosCeos)13Fes2«NbxBs alloys?
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SR, M MSEBE 2 N, BeAEE T 0. AhE
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F o ARG 3 128 W 38 0, A R A P A TR B I D T R
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{EL I 1) 4150 1 7 7 55 12 B AR ) S T 0 R BRI
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2.2 FORC %o it
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X 4 Bl A o 288 DA e i B IR A B
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JEE v 03 1 B S B BE A ARG 3 5 i — D BRI,
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A WU BT e K W A I R R A R RDIR S, FRE A
We3n N BIRNEE Y, B JE R M IR 3% E R
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Cornejo £ NBF| H] FORC #F 9T 1 AH 738 K IR,
AN [7) 18 K I T8] X5 (Prg sFega sBg)o.06Cro.01(TiC)oos 41K K
AH K WA R RE R 520 o A 408 1R KA [] K A4 52 A

a

Low coercivity
particles region High
coercivity
\ particles

|} region

He/ X 79.6 KA m™*

Interference
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4 2 0 2 4
HX79.6 KA m™

B A VER RIEFIRKFE (well coupled specimen,
WCS) 5 # A 1EH 8 5 1 Cunwell coupled
specimen, UCS), 324 [FFE [ FORC 4347 &
K19, 10 flm. (EKI 9 FIIE 10 v, £7F Hy<0 J5 A,

AT AW EEH] H 2908 1.5X79.6 KA/m {114, X 29K 5
HE AR REAA AR P AR S5 000 77 P 65 R AL 5 R BT TR I R b
T3 IR A B B RAE I AR v, BOREAR P 5 A )
7 ) B ) 2 3 ) R e ) B A P AR I, BB R UCS R
AEHFEAVER 59, BT CARE 10 w4 il A Ve i 3zt o v 1 T
9, XULBHFEALZHIEIEM, WCS 5URE Hh (1 B 4 AH
BEL ) T SR A 1 e Tl B A

4 2 0 2 4
HXx79.6 kA m*

K8 k. MEHLIAH S EAF KA FORC KB

Fig.8 Experimental FORC diagrams for samples with two different ratios between soft and hard magnetic components®
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b

0 4 8 12 16 20 24
H.xX79.6 KA m*

K9 WCS ikt FORC K
Fig.9 FORC distribution for the WCSE”!
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Fig.10 FORC distribution for the UCSE"
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ARG, A 5 B % 170 S Y R SR AN i A T
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Review on Exchange Coupling Interaction of Nanocomposite Permanent
Magnet Materials

Mi Hongyao®?, Zhang Yinglong®, Li Binglei, Feng Yunli'
(1. North China University of Science and Technology, Tangshan 063210, China)
(2. Zhejiang Industry Polytechnic College, Shaoxing 312000, China)

Abstract: Compared with different exchange coupling models of one-dimensional to three-dimensional nanocomposite permanent magnet
materials, exchange coupling will inhibit the magnetization reversal of soft magnetic phase, and different exchange coupling models have
different effects on coercivity. The higher 8M peak of Henkel curve indicates the stronger exchange coupling between grains. The increase
of interaction peak of first-order reversal curve (FORC) corresponds to the enhancement of exchange coupling. The effective anisotropy
Kerr Of nanocomposite permanent magnet decreases with the decrease of grain size. When the grain size is constant, the higher the volume
fraction of soft magnetic phase is, the lower the Kk is. In order to obtain nanocomposite permanent magnetic materials with high
maximum energy product, the grain size of soft magnetic phase should be about 10 nm, and the volume fraction of soft magnetic phase
should not exceed 50%.
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