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Abstract

To meet the operational requirements of NdFeB magnets under high-temperature conditions and
mitigate eddy current losses, this study fabricates high-resistivity SmF3;/NdFs composite NdFeB
magnets via a laminated structure. The effects of SmFs/NdF3 composite powder contents and stoi-
chiometric ratios on resistivity, magnetic properties, and mechanical performance were systemat-
ically investigated. Results demonstrate that at a SmF3/NdF3 ratio of 3:1, increasing additive con-
tents enhances interlayer thickness and resistivity of the magnets, reaching 6.12 mQ-cm when the
additive content achieves 6.52 x 10-* g/mm?2. While the magnetic energy product (BH)max was re-
duced to 39.61 MGOe and flexural strength to 164 MPa. Notably, the achieved resistivity of 6.12
mQ-cm represents a one-order-of-magnitude improvement compared to non-laminated NdFeB
magnets, which exhibit a resistivity of 146 pQ-cm. Under constant interlayer additive content, the
reduction of SmFs proportion in the composite interlayer mitigates powder dispersion phenomena
and enhances interlayer density, leading to increased resistivity. The resistivity reaches its maxi-
mum value of 24.3 mQ-cm at a SmF3/NdFs3 ratio of 1:5. The magnetic energy product peaks at 43.91
MGOe for a 1:1 SmF3/NdFs ratio. The influence of SmF3/NdFs ratios on flexural strength exhibits
distinct trends, with the SmFs/NdFs ratio of 3:1 demonstrating optimal mechanical performance.
Specifically, the flexural strength increases to 270 MPa at a 3:1 ratio, representing a 6% enhance-
ment compared to non-laminated NdFeB magnets (254 MPa).
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2. SKER

I SIZB6; BT FH A R v b R AR R 5 L 843 (N g 1Pro 2Fess 66C 05 5Gan sDYo.01Bo.s7) » T MV AL SmF3 Al NdF3
Frfh, 4% 99.99%.

SEUGTE S T BRI 20 g Bk PRV R ] £ AR AR, 7E SR 500°C~600°C AT HAUE SEE,
£ 7345 370 MPa T #u T — 7> P ERAG AR A, Rl 2 R A i A 2 BT )5 SRR TR I 1 /KD 3R
RPN ER, FUDTRBIRRIATIT B A LRI A5, SRR ARBOE R ) SmFs Al NdFs B4 78 1
WHR 34T T3k, AEIR A I BB RS TR ) LRGP (6 3, M 24 AR IR Jn I =k BT Y
TTHERRE, B EEEE SRS AKFANNESAERERE, BEHAANERERAS
UFTRCT AR R, ARG 800°C~900 CIRE T, £ 100 MPa Ji /) FHEAT#VAE T, AR [A] 9 80
s, et BA — BB A% E NPT RN AR . 2R TAES, AERAAN BTG E 758 13
mm. 20 mm, % KA REAR B BELAR AN S B 22 08 25 mm. 6 mm, TR E LIy 70%.

I ZOIFINL T DA TIHEI Y 6 mm x 5 mm I3RE, A8 T DUERET it BH 22 Pl SO A 2R AT FRL P &
MR, JEAEH PM-1 kP Ze NI4T 78R, R FH NIM-6200C 7Kk R ks 2 MR OO AT REPEREDINR . E BTk &%
FE AT F R AE DT RIHL A A TR B B V) AR 26 MNP 25 98, KON 19 mm, 58y 6 mm, =i
J9 5mm, RXFEIHTE SR AE MTS880-25T /5 BE 4 bl R M = fi & # ik 303t 47 € « S48 4 H] Olympus
4 H 3l R H RGN AT AL BRI 2 AR i AT SO B 20 M
3. ZR5IHR
3.1. SmF/NdF: E& R R (3:1 Ee i) R R & ExH SRR A K R2 0

AT E AR R R R T2 & T kB (NdFeB) Ak A&, HoRJZZ5/ T EL A 311 1)
SmFa/NdFs 52 & ARG L. D RGERIE FE SRR S R, SEBOARYE AN RIS I & 2 3 B 1 DUAN R EE AL T 25
FEZH, 4N 0.815. 1.63. 3.26 1 6.52 x 107 g/mm?, %2 %5 5l 4% oA T A ik 7 B el A 1 ik v i
1, 7 1M FE R B DU A5 R AR ) B
Table 1. Interlayer thickness and resistivity of magnetic materials with varying content levels at a SmFs/NdFs composite

powder ratio of 3:1
Fz 1. SmFa/NdFs E & #MAREE I 3:1 BRI & 2HARHI R E R E Fie pE 2

HEMARE R 107 (g/mm?) 0.815 (a) 1.63 (b) 3.26 (c) 6.52 (d)
e J2 5L B L () 16.98~37.35 35.80~54.32 54.94~87.65 42.33~75.33
J& /7 P45 JELFE (um) 29.20 46.33 74.32 63.00
FL.BH 28 (mQ-cm) 1.86 3.83 5.39 6.12

7 19 SmFo/NdFs EE 3R LL By 3:1 AN [l & Rl AR 1 2 )2 B EE AT B =, R T BA 1 i 21 B
HRZAINE BN, BARMEREIREE ETHEY . JIINEEIAS 6.52 x 107 g/mm? I, RiiAER
i K HIBHZ 6.12 mQ-om, BUANINE &4 0.815 x 10 g/mm? IRAIASR T 229%. 4k, FJZERE Bk
UG ERIEAR, EESEERINEEN 3.26 x 1074 g/mm? B LR, %8 5 R 2T R B IL
74.32 um, SR TAINE Y 3.26 x 1074 g/mm? F i JZ P2 B . 22008, BILER B T e 2K
TS S oA, 24— T8 BE RGN, 6 SR A g — (B B 4 s, XA “ BRI AR O BT R
FER IR BN, fEfl R, BRI T AR IF% 5 DURIE R S8R AP B0, (HRAERARTE L iR+
BRI A THIR AT AR S0 HAFAE — 58 F5
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Figure 1. Olympus images of interlayer magnets with varying content levels at a SmFs/NdFs composite powder ratio of 3:1;
(a) 0.815 x 10 g/mm?; (b) 1.63 x 10~* g/mm?; (c) 3.26 x 107 g/mm?; (d) 6.52 x 10~* g/mm?

1. SmFs/NdFs E & EL IR 3:1 BRI RE & ERY#4A R EE Olympus &; (a) 0.815 x 10 g/mm?; (b) 1.63 x 107
g/mm?; (c) 3.26 x 1074 g/mm?; (d) 6.52 x 107* g/mm?

1 7 SmFaINdFs 525k A4 EL A5 Dy 311 SN2 5 of 52 738 A 10 FAAR T e J2 Wl s S A 4 4 (s 0 7 1)
I o B 1(a) BA R B 2K B E B Bk £ AR AR TR A0 A NdFs EA A2, PR RN 29.2 pm.

IR F AR RIESE B N B, R AR RS A X, 1% B AR  HF A AR R,
o B A AT BRI &, Hh BRI NdFs # 4 & B IX, H Nd Jo 35 & SO A AR,
SRR SE G ot s LD X IR NIZ Ny SmPs A, BRI JZ A IME S3 A AE R JZ DS IX 3, K SmFs AHAE A
Wi e kAR H, FHEPBTFREERC, AN BRIFH. MERNSE
M 0.815 x 104 g/mm? #4 % 6.52 x 104 g/mm?, J&)ZINZIRBHARY K, W40 X3 & Eb t3g .
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Figure 2. Magnetic hysteresis curves of interlayer magnets with varying content levels at a SmFs/NdFs ratio of 3:1
2. SmF3/NdFs LEfI 2 3:1 B E & 28R BRA AL RERI 2
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Kl 2 I IN SmFs I NdFs & &0 R LG 3:1 AN RIS 0 2 2 () #08 T Ec gk il i Ak e i ek e 1) o AR A0
e BT DL Y B VSIS S i, R B ) H ZEARCRFERRE , TEAR N &4 0.815 x 1074 g/mm?,
1.63 x 107 g/mm? 1 6.52 x 1074 g/mm?2 {47 9.5 kOe AA7, {HIE S H M ZAERIMNSE N 3.26 x 10
g/mm? i, B R R R 7 10.57 kOe, #7171 kOe Ay, HIJERIALET Sm &1 S8 & A4AT I
R, TERCT R & m w g .

AR TR TR TG By B 25 5 02 2 PO 38 N W BB v T 5 K T B, ZEMR N & 209 0.815 x 10 * g/mm?2 i,
P HFITL B, 9 13.65 kGs, 4IRS B F] 1.63 x 1074 g/mm?2 i, RiAK KR B 4255 1 13.84 kGs,
Perm T 0.19kGs, T KiE FFEE] 13.1kGs £ 4, R T 4.03%.

I K HEREAR (BH)max HIAZAK &3 5 001 By AHABL, ZEVS I 2 &8 1.63 x 1074 g/mm? I fi KM REAA (BH ) max
ik E &N 45.07 MGOe, 171 Ja B3 I I & B3GR 8: N FE, TEIRINE Dy 6.52 x 1074 g/mm?2 i B E] T
KN 39.61 MGOe, A N4 T 8.14%.

KRR, SmFs/NAFs &6 0 AR I & & 14 s AR A BRI, & i TRl ANMHELE STERZ
JE, [FIE 2 A2 1) SmFs RGBS BRI B 8RO S AH b, 5 M R A 1 R AR DT PR AR R A P i 1 i
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Figure 3. Flexural strength plots of laminated magnets with SmFs/NdF3 composite powder at a 3:1 ratio under varying additive
contents

[E 3. SmFs/NdFs & &HALE B 3:1 B E & 2/ R EHAARITE R EE

BRSBTS T —RIEIER, BARBAARAEST BEI0OC I RE A2 O e Rl A AR W2
BN TR 35V BEAR R AFAE — E BRI, T DAARSEIRIRTT 1 ISR BEAR U 5 L A RE

K 3 J93RJZ SmFo/NdFs B a kLl 3:1 ARG BIOPUES R, drEhar s, 2 p ik
PUABRIE N 254 MPa, WRINE &M 0 HIINE] 1.63 x 1074 g/mm? i, ik A A0 25 5 J5F I 45 VA o 5 22 (Y 348
W R R, FEASINES 800 3.26 x 107 g/mm? I, WA RIHTZS IR S M THEEE] 1 270 MPa, 5K B 5 %4
&R N R, T AT SLARN SR T AR RS R, A IS RS e R 6.52 x
10 g/mm? I, 8 IR BRIE R RAK )y 164 MPa, N 1 33.1%, ki, BAARRIPTES R 3 N2
YIS B

3.2. SmFy/NdF; & & K EA [ L il 3t gk illas & a9 82 0m
AL BRI T SMF/NdFs B &R RGN 3:1 TAFESS ARG &XT TR HE 2R, it
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A

REF T2 R M RE I, O T S IR N IR T 5 A ¥ i I 25 T ORI AR B e, R R FULE [F] — IR
I N AR L 00 52 G A I E S R R R sg e, 23 DA B dT, RIIEMRINE &y 3.26 x 1074
g/mm? I REAR I REVERE . FRBHER DL K BT s BN S, B DAAT IR BRAR SRR I SmFo/NdFs 52 &k ik
AN BN 3.26 x 1074 g/mm? I A [ B A5 X6k R A4 1 52 1

Table 2. Interlayer thickness and resistivity of laminated magnets with varying SmFs/NdFs composite powder ratios

= 2. SmFa/NdFs E & #MA TR REIEL BlRE A B R E BB R B %

SmFa/NdFs 4} 4 Lt 451 1:5 (a) 1:3 (b) 1:1(c) 3:1(d)
I 2 J5 BE Y Tl (um) 39.26~71.47 55.00~68.67 54.63~66.98 54.94~87.65
J& /7P 459 JELFE (um) 54.63 63.03 59.48 74.32
HHL BH 2 (mQ- cm) 24.3 7.6 6.43 5.39
Bl Ji-= el

T ———

Figure 4. Olympus micrographs of magnet interlayers with SmFs/NdFs composite powder at varying ratios under a fixed
content of 3.26 x 10 g/mm?; (a) 1:5; (b) 1:3; (c) 1:1; (d) 3:1
[& 4. SmFa/NdFs E & #MA S 24 3.26 x 107 g/mm? BRI AR LL BlRO#E AR Z T Olympus &l; (a) 1:5; (b) 1:3; (c)1:1; (d)3:1

24T SmFa/INAFs & -G8 1A [E1R 02 B I AN [B] bAs] T Ak e 2 ) J5 R 5 BB DA ST 3 JR R, v
AINZE TR T SmFaINdFs B A RMARILLEIA 3:1 MldiA e 2 B v, A HuE) S Mgk 21
B JETE 60 £5 um Y5, L8] SmFs 1 NdFs 54K Rusin & S AH R 5L T, 92 R0 R R ZE R .

ARV AR A LA ¥ e JZREAR TR R BH 2 B SmFs KA1 7 B i B A, SmFs K4 o bL ER K 3
BN 15, 1:30 11, 31, BRI 3:1 B PH AR ERAE N 5.39 mQ-cm, FLBIA 1:5 BHE, N 24.3 mQ-cm,
VLI SmFs M (5 LU I xRk 1) FELBEL 238 9 2 Ak

K 4 RN SmFs/NAFs 5 & B AR IS &y 3.26 x 107 g/mm? I AN [ EL 451 B0 AR T 31 J2 Ak S5 A 4%
IR o)), MEIRATLAE H, B SmFs Bk b thigm, mE@)~(d), BiikIE X
FOMBR, RIZNG5 AR A NS E, FA )2 0 S X IR CE e =, Ll 1:5 i
@), J#ZBEXBILFEARBEIE, T4tk slh 3:1 aEd), @SR 23R, FfXd2
SHCRHR RN, BARIEZ MR AN AR, H 2R R AR BB 3 M (R s SRR 2 %
JEREE, XTI ABEAT PR, PR PR,
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Figure 5. Magnetic property curves of laminated magnets with SmFs/NdFs mixed powder at varying ratios under a fixed
content of 3.26 x 10™* g/mm?
5. SMFa/NdFs R & #MARINE 8 %9 3.26 x 1074 g/mm?2 BT [F1 b 51 B4 52 /2 ik Al M RE 2%

] 5 Jg SmFa/NdFs 5 &8 R (A& 8y 3.26 x 1074 g/mm?2) AN 7] bu 5] £ 438 7 S I B AR vk R i 28
R LA, S BAR R E AR [F ) SmFa/NAFs 8 AR i 46 H IR A ME R BRI 57, AR )
B K HEREFR (BH)max #R7E 40 MGOe 1 1, 5 AW A E A7 1) 25088 5ot B AR (1 5 K RE R (BH Y maxe 1T 51 A
K, SmFs A &7 L4 s R LU 11 B R A4 1) 5 KR REAR (BH)max IA B B 151, 4 43.91 MGOe, 4 SmF;
K d 5 LA ) 301 ik 3 BRI B KRG REAR T B, U SmFs R o5 L e DR SR AR T AR 32 A IR
RBGRRITERE, ELBI Y 11 R A E .

WEAA T T He B4 R s i sy, NI ] DUE S 2 AR SmFs ¥ fa 7 boidlimy, 0Tl i)
W 2, Hi He B ik %) 1 10.57 kOe, REARIIFITE B, H3A B IR Mok PR AC, SEAMRERTE
13~14 kGs JuEl N, EE & RELEI N 1:1 i, R B A% T 13.66 kGs.
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Figure 6. Flexural strength of laminated magnets with SmFs/NdFs composite powder at varying ratios under a fixed content

of 3.26 x 10~* g/mm?
[&] 6. SmF3 #1 NdFs E & #MERIMEE A 3.26 x 1074 g/mm2 BRI R E EL FI IR IS R E
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i

K] 6 ¥R I SmFs £ NdFs 5 &8GRI &8 3.26x1074 g/mm? I S [5] B A7) FH0 A8 T7 S 2 Ak (4 47025 o
g, WEFRES, FEZRNGEOELT, AEIEI SmF/NdFs 268 ] % 92 2 REAR 5T S 50
Z RN FEAAE, A SmFy/NdFs B4 A LB N 3:1 RGBS S st m, HARTUE N R
U R A B 7RO o Z IR 5 ANF E BN R SRR Z R A S A S Ok, a5 1K 4,
WIME A RBRLEIN 15 A 13 I, KZSHEGIEMEIERE E%L S, HEAESR, 24 SmFsFik
AR R 11 R0 3:1 ISR E AR AR G R, X R S AP AR R R, BT L Y
SEMIELHA 31 M AN PTE SRS & R AF, PUEREIARR G 270 MPa, {HES &M IELEIN
1:1 BF, il 4(c) EAR L AE AT, (E R P SR I 2 KR N R, U] SmFs B A 5 LA SR BUIRAS &2 LA
TR U5 . o SmFs Bk LU B 1:3 5 REAA R BL 28 5 5 52 B I je i fe K, B 25K 128 MPa.

4, BE5

ICN=A

AR FH R BT T2 R INH % 7 H & R JZH ik, REHT T SmF/NdFs B4 I 2 X
W rERE . FRPHZ R SRR L], BRI

(1) 4 SMFs/INdFs S &R Lo 1:3 B, Bifk R BHZBEA I & 2R S 200 EAES, mindg &
4 6.52 x 107 g/mm? B} iA F] 6.12 mQ-em, B ZHARMBEAAIET T —MES . A, & ERINFE
HEB AR B BB AR (], SERAA M RLRERR IR NI, RIS & T, BRI KT BE AR BHmax B
B 7 &% 39.61 MGOe, [AI kA4 4125 5 55 1 2 2 PR AIK, M 254 MPa %2 164 MPa, HECT o )2 Bk
WA B T 35.4%.

(2) £ 3.26 x 104 g/mm?2 [ SETRINE T, SmFs/NdFs Z & ¥ A AR R LI R, SmFs ¥4 & bk e 75
JI7E, SmFs 7 ELIINE 3:1 i, B 18T A 10.57 kOe, %% 1:5 ELBIZHIR & 24.7%, (HREBW S SEH
PHAHAR, 7E SmFa/NAFs & A4 PR L1 1:5 Bl BH % 85 o 24.3 mQ-em. MELBIAY 101 0, REPRM
KIGBEAN (BH)max AL S R, I KHEREAR (BH)max A 43.91 MGOe, il B, &y 13.66 KGs. 3 4MUAAIHT
LRSE T, SMFa/NdFs LU 105, 1:3. L1 B, BEARRIPLL SR A RIE FRE, R HEIN 31w, P
o FE R A B 270 MPa.
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