P51 %
2022 4F

%5 8 4] wmEERMISIRE Vol51,  No.8
8/ RARE METAL MATERIALS AND ENGINEERING August 2022

M A L2340 )
M V23 IR V28 Fak 4 123 )

NdFeB fiRRE B Z 1L Ni EEFIF
R B 12 ek 14 B

4, Fh
35 23 FRF 23 S 23 1 & 2,3
(1. dew wiAr CEBED) FHIRAR, 28 FFH 236000)
(2. EZEMEME TREBARPF A H L0, bl 102600)
(3. BRI EERFRAR, Jtx 102600)
(4. BT KRS MEERSES TRESR, %2# 458 230009)

W E: R ek L ST IlBE 4 NdFeB BAAR T Ni 482 M B, XSG Ni 82T BE S GamE. 451K
W, B I R 55 S I R e PCT SEIR R ST BEAR (K T J65 T PE RS, SR FH F A A2 12 18 o S 30 0 — 25 4 M7 T A 1 88
TR B RN, BREE AL BT 20 AT DS L A SR T NI R R B BUE AL, 24 e 400 r/min, BRESIN [F] 2 24 h i), Ni-D24/NdFeB
T s 1) S8 A0 T5E B HH 29 4193.9 MPa 3N %24 4926.2 MPa, 454 7 /% 1 16.30 MPa #2712 23.85 MPa, H A 5 47 [ AL oK
TGV RE o B2 10 8 ot b IR 25 TE 8 Ni/NdFeB BARFRAR T L AR, i o v 3R 55 kst i) £h 312 h #2772 480 h, A
A S i e R

FHEIA): B4 NdFeB; BUsik Ni 482 eI, i iE i ik

FEESES: TGL74.441 XEFRIRAS: A YEHES: 1002-185X(2022)08-2863-07

B3, Eaal 2, WERAE, BRA M,

Fedt NdFeB R i B AT 57 (R TE RE SR 1T JE8 e 2k
RERLZE, MIMIRHI VeI R, & e ik
1277 DL 5 < Je 5 1A A R etk R, R O 1A
NdFeB 3 {A Hh s I < 70 3 R s A4 1 B AR g ik vk
e, R R A R TR S BB LR E, fE
HEAA G A ATRR 25, AT B0 1 B L. i1
HENETEAERAPRNG TR, 2EARETE S
TUER IS IR T AR RO P RE A AN, AT FEREG A A
Pt e i L 2 BRI TR 22 g R T
R 3 E R R AR TR JES bk, Herh R AR 10
i 4% 52 2 1 ORI T2 R

fEkE4s NdFeB H AR il 4 ()i Ni 4=, 54
HBGRIEE G, B A S MR R Ry, X
NdFeB Rk B A — & R BORES . SRTTIAL G i1
wENER, BT NSRRI R, SBUERELS
FERANEIAL AN L BREA 2 LB R maFghm, Xk
2 RO E A FUR N LA )IETE, ML NdFeB
NSV

It HEE: 2021-10-22

LR AT Lod g ] Ni 882 0 A Ko R ke s Bl
S kSR A ik v TR RAE NdFeB FTHI 1
THNIZ, ZRRYI B R R BRSO A, kb
FELUAR AR 3R T N AL P B D ) Dl 55 » AT S B
RLR S A, SR EMBCE, Rk Re L. #
i USUR UM S 1A B 7 NdFeB VAR I BEER, 45 %
IHUBR I 453 T A2 AL s, AR R SR IO, Wl
PR PRI FLRR . AT FUSR ] v REBR I X A 2 i
S Ni PEZ HEATERIB AL BE, 3R RIS L, 19 4%
RSN I BOE, TE R RIEE PR

1 £ W

W B £ 1K) Ni/NdFeB AL G B T 2. 2+
Bk T BE 5 min, TS RAEAEH . S8 SR ZrO,
BEERCEAL 0.1 mm) FIRE AR $2 B0} EE 4 10:1 N 500 mL
PERBEGE, T EREE LA F2 40 400 r/imin, & EEKE
HUE AL e 2 5008 7, 15, 24, 36 h. SR B L
W, IEVET . BRI SR A Ni B2 IRER 23 3 e XL

HEEWE: 2B EIASRETR (202004a05020051); H ARG E R R EE S (20190898000002, 02-2115); & LT H SRR 5

4 (2021026)

TEH BT KM, 33, 1988 4F2E, 11, bt Hidd CRBHD A TR A ], 22 BFH 236000, Fi%: 0558-3929260, E-mail: zhangpengjie@bgrimm.com



. 2864 -

WA SR RS TR

i 51 %

4 Ni-D7/NdFeB . Ni-D15/NdFeB . Ni-D24/NdFeB il
Ni-D36/NdFeB.

FKH X SHERATHCH Ni/NdFeB A1 Ni-D/NdFeB ik
IR R BEAT 23 BT o SR FH AR - A N R A R 30
BEATHLEE, [EE & RGO & oo R & & .l X
R B T BETE AT Ni/NdFeB 1 Ni-D/NdFeB #1421
Ni 952 1) e 2 4 DL K M &S HEAT R ALE .

K 5 BE R I8 AL 350 A 11 S WA RS B 4
AT, SR B TR IR B L AT e Ni 4%
JEYERAERE, IR TN 10 g, INEAS A 10 s, R
FH A 25 A Sl 0 R AR P B AT B A oY 28 R0 A2 0L B e it
BEATIN S, AR TN T 5 4 3.5%0 NaCl ¥, AZiit
FHATHIEE R A ZView2 FHPU M A AT 8. SR
kR % S (3.5%NaCl, 3532 ‘C) Al PCT SZi

(0.1985 MPa, 100% RH, 120 C) KM 5 i A BT fig ik
PERE. RS AR S8 HE— 20 2 M R A4 1 JEg ik
2, fE NaCl il — e B G, *RmETIE
B AN, JFERTECE M NaCl ¥ k7 Hfh 2%
AR i 2 PR o

2 HR51TR

2.1 MmEHR SR

K 1 Firz A Ni/NdFeB T Ni-D24/NdFeB #4141 SEM
& & EDS feiti o3 #r. MKl 1la HHTLLE H, Ni/NdFeB
HbAR R R BOIR G, SRRSHRR B+ A5, &
F5 T AT B SO 3 SRz [A] B 2 4N RS AE S IX 2 L
PSR Ni £ (11D J7m A K g s, itk
PEE MR MM A, BB A S . B 1b i1t EDS

AEit R Ni (5 8h 98.5%, #WA T Ni 42 HA BT
MAREME. 424 h EREBAF S (B 1d) , NigE2EMN
AN 1 R TE w5 B8 B KL 1Y) 1 o VR R T TR R
W, SORLIEBIRNEE R G, T LARER B B 1 B L
R . EDS REUS W88 2 R M R R AR AR

M 1c BIME T LAE H, REBRE L Ni 5%
EREREZ N 13 pm, HEEMRTATPE, FEHERK
etk BREBAEE, B2 (H 1D WEEIFREAED
1, AR DAWL S 248 2 1 JE ARG Ny &), R
Ni/NdFeB #1481 5 A2 13~ 8, 1f— e 1 3RS &b
PRI SR BB AR

2 29 Ni/NdFeB 5Bk A [F] ][] Ni-D/NdFeB 4
(1) XRD PyAH 3 4. A AT LA 3 Ni/NdFeB 42
AR 3/ U AT SR 0&, 73 )67 T 44.5°.51.8H176.4°
Ab, XREF NI ) (111) . (2000 AT (2200 3 AN

(PDF#04-0850) M, 2[RI [H BREE AL BE 5, Ni 8%2%
T AR R IUE IRT ST IEIIAEAE, R Ni 52 B AR S0
FsE Ik, FESCE AR T I A B A 2584 PR A o

K FH XPS Yt LT BE1E XF Ni/NdFeB 55 Ni-D24/NdFeB
MR TR T BN A SHAT 7307 I 3a Sk vl LLE
H, Ni#EEMRE TRAKRFEZE AN NI, CAIO, HdC
JCEKRE TR &4 5.

X 3b A1 Ni 2p w4 HEEE 4 B, Ni/NdFeB
WA E 852.40 £ 870.18 eV AbH 2 ML X K T
& @, 855.08 eV 4bJy Ni**(O)fHRiEIE, X2 T Ni
R R FEAE AP AR T A, RIS E R T
[F I A7 7E % Ni Al Niol829,

2 24 h BREEALFE 5 , Ni-D24/NdFeB 14 2 1 856.28

Bl 1 Ni/NdFeB fifAM Ni-D24/NdFeB HifA Y] SEM I8 A & EDS RE1E /34T
Fig.1 SEM images and EDS analysis of Ni/NdFeB (a~c) and Ni-D24/NdFeB (d~f) magnets
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Fig.2 XRD patterns of Ni/NdFeB and Ni-D/NdFeB magnets

obtained with different ball-milling time
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Fig.3 XPS spectra of Ni/NdFeB and Ni-D24/NdFeB magnets:

(a) survey spectra and (b) high resolution spectra of Ni 2p
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Fig.4 Typical tensile load-displacement curves of Ni/NdFeB and
Ni-D24/NdFeB magnets
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Table 1 Microhardness of Ni/NdFeB and Ni-D/NdFeB magnets

with different ball-milling time

Samples Microhardness, HV/X 9.8 MPa

Ni/NdFeB 427.95
Ni-D7/NdFeB 461.26
Ni-D15/NdFeB 459.51
Ni-D24/NdFeB 502.67
Ni-D36/NdFeB 498.40
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Fig.5  Potentiodynamic polarization curves of Ni/NdFeB and

Ni-D/NdFeB magnets with different ball-milling time
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Table 2 Matching results of potentiodynamic polarization

curves of Ni/NdFeB and Ni-D/NdFeB magnets with

different ball-milling time
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Fig.6  Nyquist plots of Ni/NdFeB and Ni-D/NdFeB magnets

obtained with different ball-milling time
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Table 3 Fitting results of Nyquist plots of Ni/NdFeB and

Ni-D/NdFeB magnets with different ball-milling time

Samples RJ/Q-cm? R/Q-cm? Chi-Square
Ni/NdFeB 3.697 768 3.06x10°
Ni-D7/NdFeB 3.865 2199 1.41x10°
Ni-D15/NdFeB 4.172 6034 4.91x10*
Ni-D24/NdFeB 4.418 37750 3.08x10°
Ni-D36/NdFeB 4.057 24070 2571072

Samples EconlV Jeond A €m™
Ni/NdFeB -0.80 2.67%107
Ni-D7/NdFeB -0.73 1.15x10°
Ni-D15/NdFeB -0.67 2.63%107
Ni-D24/NdFeB -0.56 2.79%10°
Ni-D36/NdFeB -0.60 2.29%107
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Fig.7 OM images of magnets after salt spray for different time: (a) Ni/NdFeB, (b) Ni-D7/NdFeB, (c) Ni-D15/NdFeB, (d) Ni-D24/NdFeB, and

() Ni-D36/NdFeB
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Fig.8 Mass gain curves of Ni/NdFeB and Ni-D24/NdFeB magnets
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Fig.9 Potentiodynamic polarization curves and OM images of

Ni-D24/NdFeB with different immersion time
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Fig.10 SEM images and EDS results of Ni-D24/NdFeB magnets after immersion in NaCl solution for different time: 0 h (a), 672 h (b),

720 h (c) and 768 h (d)
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Table 4 Fitting results of potentiodynamic polarization curves of
Ni-D24/NdFeB magnets

Immersion time/h Ecor/V Jeorr! A €M
0 -0.56 2.76x10°

240 -0.64 7.13x10°

672 -0.68 1.13x10°

720 -0.75 3.23x10°

768 -0.78 8.34x10°
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Preparation and Corrosion Behavior of Sintered NdFeB Magnets Coated with
Densified-Ni Coatings

Zhang Pengjie***, Liu Qing*, Sun Wei“*3, Li Bingshan®?, Cao Yujie"**, Tang Dawei'?**, Xu Guangging®,
Wei Hanzhong"?3, Xie Guanghuan®?®, Wang Jiquan®?®, Liu Hui*®, Wang Yonggqi??, Li Yafeng®®, Wang Qian**
(1. BGRIMM Magnetic Materials and Technology (Fuyang) Co., Ltd, Fuyang 236000, China)

(2. National Engineering Research Center for Magnetic Materials, Beijing 102600, China)

(3. General Research Institute of Mining and Metallurgy, Beijing 102600, China)

(4. School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The densified-Ni coating on sintered NdFeB magnets was prepared by high-energy ball milling method. The film/substrate bonding
strength and Vickers hardness of densified-Ni coating were tested. The corrosion resistance of the specimens was studied by neutral salt spray test
and high temperature PCT test. The corrosion process of the magnets was further analyzed by static full immersion test. The results show that the
Ni coating on the magnet surface could be densified by ball milling process. The microhardness of Ni-D24/NdFeB magnet increases from
4193.9 MPa to 4926.2 MPa and the binding strength increases from 16.30 MPa to 23.85 MPa after 400 r/min and 24 h ball milling, which indicates
better mechanical damage resistance. The self-corrosion current density of the coating reduces by one order of magnitude compared with that of
Ni/NdFeB magnet, and the resistance time to neutral salt spray increases from 312 h to 480 h, showing better corrosion resistance.
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