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Abstract

In this paper, in order to enhance the resistivity of NdFeB magnets and reduce their eddy current losses
and temperature rise during operation in high-frequency and high-speed permanent magnetic motors,
high-resistivity NdFeB magnets with DyF3/NdFs composite insulating interlayers through hot-press-
ing and hot-deformation processes have been fabricated. The effects of insulating interlayer composi-
tion, amount, and hot-deformation temperature on the microstructure, magnetic properties, resistiv-
ity and bending strength of the magnets are systematically investigated. The results show that as the
DyFs/NdFs amount or NdFs proportion increases, the resistivity of the interlayered NdFeB composite
magnets gradually increases. When the DyFs;/NdFs ratio is 1:5 and the amount is 6.52 x 10-* g/mm?,
the resistivity of the magnets reaches a maximum of 11.5 mQ-cm. When the DyF3/NdF; ratio is 1:5 or
1:3, the overall bending strength of the magnet initially decreases and then increases as the addition’s
amount increases. When the DyFs/NdFs ratio is 1:1 or 3:1, the magnet’'s bending strength also generally
decreases, but fluctuates with the increase of the addition’s amounts. The higher the DyF3;/NdF3 content,
the greater the impact on the magnetic properties of the magnets, but the coercivity, Hg, of the inter-
layered NdFeB composite magnets is relatively high, with a minimum value close to 10 kOe. When the
DyFs/NdFs ratio is 3:1 and the contentis 3.26 x 10-* g/mm?, the maximum magnetic energy product,
(BH)max, of the composite magnets reaches a maximum of 46.47 MGOe. The hot-deformation temper-
ature has a significant impact on the magnetic properties and resistivity of the interlayered NdFeB com-
posite magnets. The coercivity of the interlayered NdFeB composite magnets hot-deformed at 825°C
reaches a maximum of 15.6 kOe, while the remanence, Br, (BH)max and resistivity of the interlayered
NdFeB composite magnets hot-deformed at 850°C are the highest, reaching 13.42 kGs, 42.95 MGOe and
9.37 mQ-cm, respectively.
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Table 1. Interlayer thicknesses and resistivities of the interlayered NdFeB composite magnets with different amounts and ratios
of DyF3/NdF3

F 1. TR EFLLHIE) DyFs/NdFs RESSKME S HFREBEMEREZE

DyF3/NdFs # & (107 g/mm?)

DyF3/NdF; Etf1

0.815 1.63 3.26 6.52
1:5 25.96 4158 60.19 67.07
; 1:3 4133 41.65 62.93 70.99

IR L (pum) 11 19.30 34.82 5031 53.64
3:1 33.46 36.32 58.38 7327

1:5 8.55 213 6.25 115

13 1.25 5.22 5.43 1124

2 Q

"B (m-cm) 1:1 378 6.32 9.37 10.15
3:1 021 037 0.46 181

K 1 A DyF3/NdF; ELBA 1:5 B AR [R5 & () DyFa/NdF; 3¢ 2408l 2 & BRI TH CPAT T8 /175 1) 4
FHEE o AL 1 AT LAE H, DyFs/NdFs 2[4 R B, JCZRMENE B30k, Je28 7k 2 506
Ko, JZRALLE BIH KGR/t T A, AAMERZAGAFAE/NICRI N E .

Figure 1. Metallographic images of the cross-section of the interlayered NdFeB composite
magnets with an amount of (a) 0.815 x 1074 g/mm?, (b) 1.63 x 107* g/mm?, (c) 3.26 x 10™*
g/mm? and (d) 6.52 x 107* g/mm? of DyF3/NdF3 at a ratio of 1:5

1. DyFs/NdF; EE 575 1:5, & EH(a) 0.815 x 107* g/mm?, (b) 1.63 x 107 g/mm?, (c)
3.26 x 1074 g/mm? F(d) 6.52 x 107 g/mm? YK BT E S FAR BRI £ 48 E
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Figure 2. (a) Magnetic property curves of the interlayered NdFeB composited magnets with different amounts of DyF3/NdF3
at a ratio of 1:5; (b) Flexural strength plots of interlayered NdFeB composited magnets with different amounts of DyF3/NdF3
at a ratio of 1:5
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Figure 3. Metallographic images of the cross-section of the interlayered NdFeB composite mag-
nets with an amount of (a) 0.815 x 10™* g/mm?, (b) 1.63 x 10™* g/mm?, (¢) 3.26 x 10™* g/mm? and
(d) 6.52 x 107* g/mm? of DyF3/NdF3 at a ratio of 1:3

[& 3. DyFy/NdFs E&#HMKEEBIA 1:3, &84() 0.815 x 107 g/mm?, (b) 1.63 x 107* g/mm?,
() 3.26 x 107* g/mm? F(d) 6.52 x 107* g/mm? YR Bk S & Hi A E £ HEE
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Figure 4. (a) Magnetic property curves of interlayered NdFeB composite magnets with different amounts of DyF3/NdFs at a
ratio of 1:3; (b) Flexural strength plots of interlayered NdFeB composite magnets different amounts of DyF3/NdF3 at a ratio of
1:3
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Figure 5. Metallographic images of the cross-section of the interlayered NdFeB composite
magnets with an amount of (a) 0.815 x 10™* g/mm?, (b) 1.63 x 107* g/mm?, (c) 3.26 x 10™*
g/mm? and (d) 6.52 x 107* g/mm? of DyF3/NdF3 at a ratio of 1:1

5. DyFs/NdFs EEflg 1:1, &EA(a) 0.815 x 1074 g/mm?, (b) 1.63 x 107* g/mm?. (c)
3.26 x 10* g/mm? F(d) 6.52 x 10* g/mm? MR B KW E & HAMTE SHEB A
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Figure 6. (a) Magnetic property curves of the interlayered NdFeB composite magnets with different amounts of DyF3/NdF3
at ratio of 1:1, (b) Flexural strength plots of interlayered NdFeB composite magnets with different amounts of DyF3/NdF3 com-
posite powder at a 1:1 ratio
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Figure 7. Metallographic images of the cross-section of the interlayered NdFeB composite
magnets with an amount of (a) 0.815 x 107 g/mm?, (b) 1.63 x 10™* g/mm?, (c) 3.26 x 107
g/mm? and (d) 6.52 x 107* g/mm? of DyF3/NdF3 at a ratio of 3:1

[& 7. DyFs/NdFs EE 9 3:1, S EA4(a) 0.815 x 107 g/mm?, (b) 1.63 x 107* g/mm?, (c)
3.26 x 107 g/mm? F(d) 6.52 x 10 g/mm? B R B E A HFETE S MRE S
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A1) B FI(BH)max 6 DyFs/NdFs 2 &IPS, 4 DyFs/NdFs & &8 3.26 x 107 g/mm? I, #4441 B,
M 13.56 kGs #2317 13.83 kGs, M) B R RERA(BH)max M\ 44.05 MGOe #2152 T 46.47 MGOe, 12
1 2.5 MGOe /47, 24 DyFy/NdFs & EiAF) 6.52 x 1074 g/mm? I, WA B, FI(BH)max 808 N %, B, %
K3 T 12.83kGs, (BH)max FFIEF] T 38.9MGOe. £l 8(b)>N DyFs/NdF; & A LLEI N 3:1 W ASE & B 4L
BRI S AR, MR RTOUE Y, RERRIPTES S AR A BT R %, REAR A 2 X 5 A 4 A4l
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Figure 8. (a) Magnetic property curves of the interlayered NdFeB composite magnets with different amounts of DyF3/NdFs at
aratio of 3:1; (b) Flexural strength plots of interlayered NdFeB composite magnets with different amounts of DyF3/NdF3; compo-
site powder at a 3:1 ratio

(& 8. (a) DyFs/NdFs LEf5I 5 3:1. AR S BRIREMKMNE SHIFRIMEIERERLZE; (b) DyFs/NdFs E & #MALLGIJ9 3:1 B
TRIEEHREHKINE SHFIZaREE

3.2. DyFs/NdF; & R =R 53 L I3 S ek il ik 4 B0 #2

Y DyFs/NdF; & 21/ %F 3.26 x 107 g/mm? AN, WF5T 7 B bt DyFs/NdFs 9 3:1. 1:1. 1:3 1 1:5
(112 E RN 5 A AR R M RE AT FEL R . i3 | AT, 24 DyFs/NdFs & 2R FF 3.26 x 107* g/mm? i, Fifi
# DyFs/NdFs UGG K, 48250 2 1P A ZA R, 1E 60 um Zids, -G WhiA i R 28 40537
fiko {H24 DyFs/NdF; Ly 1:1 I, BEARI a2 9 2 )5 B2 BUIS,  50.31 um, BEHIRJZE R, XA RE
FCHE BH SR B I R

<] 9 24 DyFs/NdF; &80 3.26 x 107 g/mm? B AN [A] LA (1) 9¢ |2 52 G i A W T S AHIE o AL 9 mT LA
B, BARRZRAFES — 2K /N R, SRR B 0 R BBk 3240, S5 R WT B DyFs # ik i)
Dy JGE R4 BUR T MG A T (1 Nd JC R T (Dy, Nd).FeuB #Hl, [fi% DyFs (5 LLifiem, 4a4k)2
) IR T Rk 22 K VB A, RN 2 2 2 X3 5 e i, 5 3500 2 X I B0 R R T B
X T HLIA R BELAG BAIR, P DA L BE 2R A Bt 5 52 A K Ak o Dy Fs 19 7 Bt v i A1

Kl 10(a) AAHTE & N ASIEI ELBI DyFs/NdFs 568 14 & 1) R 2 B gk md ki v R . Bl 10(a)
AILAE Y, WS IN DyFa/NdFs & 681 BT i) 2 BE AR IO ME RE AR O 5 A 51 PO R A 1) B R i BB AR AE 42
MGOe LAE, fEARINELBIA 3:1 BHAE] T 5, N 46.67 MGOe. AT NI SmFs/NdFs 3 )2 il % o fid 1A
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Figure 9. Metallographic images of the cross-section of the interlayered NdFeB composite
magnets with an amount of 3.26 x 10™* g/mm? of DyF3/NdF3 at ratios of (a) 1:5, (b) 1:3, (c)
1:1 and (d) 3:1

[& 9. DyFs/NdF: &2 3.26 x 107* g/mm? B, EbflA(a) 1:5. (b) 1:3. (c) 1:1 F(d) 3:1
HIRE SR E SR AT S HR A
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Figure 10. (a) Magnetic property curves of the interlayered NdFeB composite magnets with DyFs/NdF3; composite powder
content of 3.26 x 107* g/mm? at ratios of 1:5, 1:3, 1:1 and 3:1; (b) Flexural strength plots of interlayered NdFeB composite
magnets with DyF3/NdF? composite powder content of 3.26 x 107* g/mm? at ratios of 1:5, 1:3, 1:1, and 3:1

[& 10. (a) DyFs/NdF; E8#HMAE 24 3.26 x 10* g/mm? B, Eefly 1:5. 1:3. 1:1 F03:1 MORBEKME & AR
MBERIZL; (b) DyFy/NdFs E&MASER 3.26 x 104 g/mm? B, EEBIA 150 1:3. 1:1 0 3:1 MRBEKME SR
HmEEEE
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3.3. AERREF DyF:/NdF; R E¥ kS SR

ARSI [FAFIERE THE 800°Cy 825°CHI 850°C T HEAT #AAR L S UG ] 4 J& 2 b AR, 1EF% T DyFs/NdFs th
B 1:1. 8N 3.26 x 107* g/mm? G HLEEATER 7. 3 2 FIH T DyFs/NdFs LL#IA 1:1. & &N 3.26 x
107* g/mm? I A [F] FAAR 1 il 5 (1 I 2 B BRI Ak 1) e S JE BE R I BEL 2R . B 2 W N, RN IN & AR A
1O, RS2 R E AR 800°C Al 825 CHIAHZE R 2 um AiAy, {H& S #VELEE i3] 850°C
W, BEAKHEE BB AR T 20 pm 245, 4 5031 pum, BiBRERITHE I T R E SRS S, Bk
R P L BHL 6 Bt 2 U P (0 T v ) R 4 v, 800°C MR LB N 4.32 mQ-em,  F i £ 850°C I, Rk i pHL
i, X387 937 mQ-cm.

Table 2. Interlayer thickness and resistivity of the interlayered NdFeB magnets with a ratio of 1:1 and amount of 3.26 x 107*
g/mm? of DyF3/NdFs prepared at different hot-deformation temperatures
%2 2. DyFy/NdFs EEfil g 1:1. B2 3.26 x 107 g/mm? BRI R EIAE IR E KR B s sk MirE ik Ik 2 EE A B A%

HATEIE(C) 800 825 850
J& )21 JB FE (um) 71.33 73.95 50.31
HL P 2 (mQ-cm) 432 5.15 9.37

€ 11 & DyFy/NdFs ELIN 1:1. &R~ 3.26 x 107 g/mm? I A [FE AR LR T T 5 2 5 A B AR W 4
FHE . B 1T AT RUE £ 800°CI, JJZIAIAAAE 143 IR I A A 5 E AR X I, Bl A8 TR B (R 19
M 800°CTHmi 2 850°C, kA I J2 18] R 4K 11 €0 S AH X BRI/, 53 A s S 2320 G X el 30 1 2 e 1
PHONG, BRI S e T RS & 1 E R, HA2HET Dy JG&R R 58 .

ity __"*'"53@:;' s ©os0um ¢ - J..: 59_@

Figure 11. Metallographic images of the cross-section of the interlayered NdFeB composite magnets with an amount of 3.26 x
10™* g/mm? and a ratio of 1:1 of DyF3/NdF3 prepared at hot-deformed temperatures of (a) 800°C, (b) 825°C, and (c) 850°C
11. 7£(a) 800°C. (b) 825°C. (c) 850°CHAZMHZHY DyFs/NdFs & 24 3.26 x 104 g/mm?, LN 1:1 BREEE
HWAEEEHERA

P4 12 4 DyFs/NdF; ELl o 1:1. &8~ 3.26 x 107 g/mm? I S [ AR T J0L R T Bl ik B AR 1A R
Mk, e 12 aTRAE H, B AR E T, BRI He Jodé s 5 FEAIK, 76 825°CF He fe i,
ILE T 15.6 kOe, i FETE ] 850°CHY KIE T Re, FIREZ M T R SR R E KR, BRI,
SIS Fe BEL 7 BEAR o BEAR 1) B A1 (BH ) ma B8 25 A TR P PR i S PRAR S B2 18, 2E BV T UL 850°C
TIkEIER S, BN 13.42kGs, A& H T mER TR E BRI S F A &, B aRL o B, 32t Br.
(BH)max A 42.95 MGOe, i IV TZ IR BE (1 B2 i A 1) TS m ik ) Bk ke, T LR FE 4R s i 4 2%
FJEBEA YRS T HUEE, H R B .
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Figure 12. Magnetic property curves of the interlayered NdFeB composite magnets with a ratio
of 1:1 and an amount of 3.26 x 10™* g/mm? of DyF3/NdF; prepared at different hot-deformed
temperatures
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2) ¥NIN DyFs/NdFs EE& k& Eiflm, of TR IR, (HZ7EIR N DyFs/NdFs 52684
I, WA ) He #R LA R, BEAR AU AR AR EEIT 10 kOe, 53 AMIEAR 1) e K REAR (BH ) max 7E VR
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3) HARTLUR BEAE 825°C Il % I REAA (R il ) e =, O 15.6kOe,  1E 850°C I AR I F 1 Br FH#R K
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