E52E 1
2023 4 11 A

WHEERMBISIRE
RARE METAL MATERIALS AND ENGINEERING

Vol.52, No.11
November 2023

DOI: 10.12442/j.issn.1002-185X.20220841

SUSETIE HDDR T2 & 0 St I 5

TlRF ", 2 AL KBRS, KEF?
(1. PEABRE R MERSE TR, LR &5 266500)
Q. FEAWMAY: (B BB, LR HS 266500)

OB R AT A -E-E A7 (hydrogenate-dismutate-dehydrogenize-recombination, HDDR)
T2 8, HHoe 7 by a) . AR J5 % HDDR Bk B 68 6 5 0 B % 1) S M fR = AR LB . il i XRD s H gk A7 40 AR
RAE, SEM WL IEI Kt ae il k. S5 R K. BULERIYE 7 HD L 205 Bt o1 k) i 8 4 A8 AN 5% 42 B A4H
Nd,Fe1sBHy o4 15 8, 54 BEAH AR08 58 47 44 BEAR I SR (5 BA& 38 T 25, (E15514H NdyFesB A RSRIN ¢ BN, Bk
1E BRI 1A] 2 40 min B 2% [ R PEFE R (DOA) IAEIHfE, DOA=0.55. il EUE I EB/ENREAEKIRS S, K
0.01 MPa IR )ik K, SBMAZFSRAEKIT BN, ¢ SZUGAE, A BIRHTAH NdyFesB 11 % @ 5 M5 59
Tk 5 RS0 7004 0.03 MPa B 2% i 53 5 7 21 0 5 358, DOA=0.53.

K2R NdoFe B MBI Bl WA ETT: & mRt

FEZEDES: TM273 XHRFRIRED: A YEHS: 1002-185X(2023)11-3867-06

Nd-Fe-B 7k WEAARTE T F B KRR o B Bk
tkfe, ST RATREEHURNE S 3071/ iR 54
Gt HAT, RS2 RS S R B R Ak 85 2 5 e [
PEECERINREAR, WRMERETI S, 5 1 R RG S5 Bk il ik
FIRIE B, 5 KHERERN(BH ) max PG AN % [0 TR
SERIRT—F . Dy/Tb JGE AT LLK K$25 NdFeB
FGAR (1 3% 1) S U, B Dy/Tb 782 1 AR AR S A
AT R Z 554 71

CA R, RN Dy/Tb KR T, k-
Bk - i & -2 A (HDDR) T 25t 1] DL 5 BE K 1R 4% 1) S
PEFESE . /£ HDDR T2 40FEd 2, Nd,Fe 4B KEEFifE
AR T 5 Hy RAE AL R AR R 3 PG AH(NAH, -
o-Fe. Fe,B), 1 (1) ~ (3) i1,

Nd + Hy= NdH, (1
Nd2F€14B +0.52 HzéNszemBHl‘(M (2)
Nd,Fe ;4B +2 H,= 2NdH, +a-Fe +Fe,B (3

MTE il B R R AR AR I, 3 A R
W7 AT, A AR B ZH A NdoFe4B. £ HDDR
TG, FKH) NdyFe 4B AR ShLA A0 A Bt /N5
RS, R 2RERSHE Nd M4 T
Ak HTAE R Nd,Fe B ik i ok R 4230 st )R
HARBRT) & ) 7

s HEA: 2023-04-11

WA N: 4 HDDR LA G4 A #i A Nd,Fe,B
(4K 15 B oRIR T BEA Nd,Fe B *21, 4Ky {5 Bl id
(B 7 AR AR BB A AR AL 38, A& id 252 F) HDDR T 215
Wi, TGRS HT A Nd,Fe B HOREME REA & [ ik, et
2 BRI B BEP224 iR Tomidal®S1 Hi 54k & o
PRV AEE TR DR B T BEAR G & SRR, 49 7
SEA I SRLELAT % A 52  Nakamura 28 N H 74812
IL 5 AELE A B TR FE NdoFe B WG KBURLY ¢ §hJ7
e di AR SR SRR T REAH SR E ) 1) —Fhiddz, fREH 1%
B (0 DX 4R 78 24 7 FRAE P 9042 05 - Tomida 25 AUS1iE—
A H R0 HDDR WK ¢ S 200 £ REE R 7
fiff¥] Nd,Fe,4B. Takizawa 2278 7 8 B W 7T HDDR
Hd by B Tm) 45 2 I AR AR L, R T B AT
(EBSD) ksl 775 (PED) #FF T Nd,Fe,B &
4> HDDR Jd 72 A B SO0 45 R 22 A0 A di AR B )5 L . Kim
2SI T HDDR T2 AR A AL BRI G AR b UK F) 386
AL FE, G5 R R Nd,Fe B ki fE A HE AT 5 4045 AH [ 21
¥, ¥I4h NdyFe B I ¢ 5 A ¢ FAHITHC. SR
fI1#R42 1 HDDR #8 (1)% ) 3 P2 5 Bl K &R
{HH#AE B HDDR 25k &% R 2 RS20 . Liu
SOV L SR R T TR, & Rk ik 45
M2, 133 % [ [F P BRI RGR . [Hk, HDDR #
MBS 25 BEF Nd,Fe ,B 1% B3 K R, fAERIC

E&WH: LEEERRBEES (ZR2020ME010) ; F BRI L REITR] (22-3-7-cspz-9-nsh)

fEZEI . T, 5, 1979 44, WL, #u%, hEF MRS CER

Y AERLE S TR, (1R H 5 266500, E-mail: iyy2000@163.com



* 3868

Wity EmA RS TR

AL AL KRG MR 45 170 S PR L

A SRS 10 B A B B R (KA R SRR S A I (1]
XF HDDR ik % 1) S PERE B A2, i x i i A i
HISRBN FIRIRT T, 73 BT 6B Nd,Fe B % 7 5%
PERERZ A RZ AL EE

1 5% I

R T T W T R 43 A (PrNd)»s(AlGaCuZrFe) s os-
Co10Booy, KA RD AR Bk R 4% B+ AR AT 4T
B, ZBMEERIMENZ, Rl g S5 B
L2280, Wi 1. MR mEsE e, Lk
Jrp S, B H, E 0.1 MPa, BA 10 C/min HEFHEE
800 ‘C, FHREF ¢ (20~60) min; H UK W AERZE p
(0.01~0.05) MPa, 800 CLREF 20 min, AJFHH NS
JERFEEFETHRF 60 min, RFBEANFHAETE 0.1
MPa, [FiRZEZER. F£0E THEEETE, % 03 ¢
BEAS 0.3 g W ENREE T 5 mmx5S mmx5 mm
AR, JRPE 3.0 T Mk R - B [k, s &R
K AMT-4A 7K BEARF Y B 2l & I i s 1 e v
RE, BLE AT FIZE BLEL A 5 A1 KGN B, A1 B, , DOA=
(Bo/=B:1)/Bso DOA Nk & M SRR . X ST EAT
g (JFEJ7IE DX-2700, XRD) A} Cu # Ka H1%&,
J=1.5406 nm), T FI A LA 40 kV, & HLRN 30 mA,
F#IE KA 0.05°, FEaARETEE Dy 200~75°, ffH GSAS
BRI XRD 455, BRI S & .
B (H oL regulus8100, SEM) T M &2 k¢
an RO TE S -

2 HREWR

2.1 B{LBTEI 3T Nd,Fe B 45# K M RERI SR

2 I EEEATE 800 C. 0.1 MPa &/ LT FA
[FEfk T2)5 XRD EiE. B 3 20 E 2 Wit s
B, B AT ) HD Bk P SR & & EL B
SZUA, ANZE B AL AT 2B . MK 20 min

800 + — — T T
| | ]
: I I
o i
j23
E ! I I
§ 400 | b.1MPa | pMPa | High
g I H, ' H, ! vacuum
S [ | |
a I
200 | | : :
| | |
| ! |
| t 120 [ 60
Time/min

K11 HDDR T.Ziif#
Fig.1 Diagram of HDDR process

852 %
- ¥NdH, ®#a-Fe aFe,B  a
#Nd,Fe ,BH,
v
X Y b4 # 60 min
3
g
= .
E 50 min
2
ns *%e 40 min
ot 30 min
o 20 min

20 30 40 50 60 70

. o oNdFe,Baa-Fe wNdi, D

o0 e ale
! 0.01 MPa

" 0.02 MPa

-
0.03 MPa
v

&

0.04 MPa
v
0.05 MPa

20 30 40 60 70

Intersity/a.u.

50
2 0/(0)

K2 AEEAR R, BEUE I NdoFe,B fiky XRD i
Fig.2 XRD patterns of Nd,FesB powder with different

disproportionation time (a) and dehydrogenation

pressure (b)

Disproportionation Time/min
20 30 40 50 60

L
E—

0.05 0.04 0.03 0.02 0.01
Dehydrogenation Pressure/MPa

,_.
e} B [=2) [ee] (=
[} (=) [} [} [}
LIS B B B R B

Disproportionated Phase Content/%

(=}
| —

B3 S 1AL 0 ok S A & B A 5
Fig.3  Effect of disproportionation time and dehydrogenation

pressure on phases content

i, ST (NdH,. a-Fe. Fe,B)HIfiThfI&, FF1E
40°~45° YU FEl A A NdoFe 4BH, o4 FURTH U6, BEH AL 20 min
J5i 11 NdoFe 4B J8UEERET AP AE 3 BB A A 5 7R R 1 BEAH
Nd,Fe4sBH, 5. R AEALRITE] %, BEAH Nd,Fe 4B ANAEE
ARRKAERN, BB 5E AT, TIHFER
4 NdyFe,BH, o0 IS HD RiKyh ALK &5 70.67%,

Nd,FesBH, o4 i 29.33%; BEA& BULI T RIEELS, BALAH



11

FURESF: SARNEE HDDR T2 % i 7 A RLEEE 5T

* 3869

HEMZL, Nd.FeH) o Srmilsl, 2 E ALK EA 40 min
W, EARAR S 91.36%, HD fik b RAEAER DB
Nd,Fe4BH, o4; B HJZEKE] 50 min, T4 EREH HA 3
P A PIAT 0, Ak N 58 A kAT .

K da~de NHEHWSL HD T2 ALFER[AIR 8]
SEM 8 Fro 24U fList /)2 20 min B, HKHI Nd,Fe ,B
mifE 5 Hy RAE RS AL s N E R, B T S R[]
B3, AELE R~FEEIE 400 nm (9 RRAE SR, Bl 5 I AL
IREK, KA RLE DAL, NERIR B AR S
BB L . AL TA] A 40 min B, Sk S 6% IR0 A5
PRSI 150 nm, 4463 50 min, B AR H
A 3 FPEALARIAELE , Sk 2 ERIR A5 HSFZ) 100 nm,
WK 4d. GRERAEK R SR A1 A 60 min, AH/NERIRIE AL
AR, SR M EARE, RH2) 200 nm.
B 4f S B4 40 min £ AR A 51 HDDR #iky, %
RE IR HRST2575 400 nm.

K 5a NASH B AL (8] HDDR Bk it R, % 1
AL )% HDDR By By « B, HISZR . W LA
B AL I () ZE K, HDDR REKD (¥R P e #10 BE 2 38 53,
40 min B, BEYEREHOL B & fE, B=0.192 T,
H,=2.86x79.6 kA/m, DOA=0.55. W{kH}[A]%f HDDR
ok 25 1) S M S ML ER U] 6 From o B34k S B A2 A [
DA IR, Hy 5 ER N Nd R A RN, B

TR 2:14:1 FHE) AR SR o 24 BT TR RE A 20 min
B, H, MBEIRAE A K, ASHES5E 4 %8 3% BEAH Nd,Fe 4B
FEO R, P TS B R G P SR R I 400 nm, AR B B &
FG Ry AR AR 38 2 1) NdyFe,BH, 4 35 5 N,
HD 8y H 340 A &7 70.67%, S50 HDDR R R 1
REAPIRAG . MU LI M AE K &2 40 min, BULAHE =

91.36%, HD #i¥y RAFEN /D &) NdoFe4BH, 45

H k& 7 BEAH NdoFe B 45 K304 2UH(E B, 1M 3 Fsk
1o HR 4k 7K 1 AR (s B X B, ERAE AP
Nd,FesBH, o4 78 9T A% mi, 4% IR 5 A 230 77 I 3EAT &
WAK, RAEREA R o T FHTH NdoFe 4B,

DOA=0.55 . {5 4 AL (A, B4 AR dRi AR BORG 4
TR TE M« R<F29°4 200 nm f K fokE, 5807 5
52 A 2 o S B ot T e, AT S 4 A B A
AN 5% A REAR S AL A R4k K 73 SURME B, 72
AE AT, B AT s AR KT A NdoFe 4B
)25 1) S P R S 4 55, DOA=0.25.

X7 HDDR L2710 &, B Ak h 6 5% &
Nd,Fe B MIRETERE, A& PR A BB 8] w7 A I B
SRR RS PR R B S E, HEEd s
U AR £ %5 B A NdoFe B HIRETE RE 4 A IF A2
Wi o T A o S AL T ) 8 SOREAE T B A 5 % R BEAH
LB RESE.

200 nimr

400 nm

K4 Nd,Fe;,B £ HD A [N [E] A1 HDDR 40 min ] SEM )7
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Fig.6 Effect of disproportionation time on magnetic anisotropy mechanism
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Anisotropic M echanism of NdFeB Magnetic Powder Treated by HDDR Process

Yu Lianging', Liu Ke', Zhang Yaping®, Zhu Haifeng’
(1. School of Materials Science and Engineering, China University of Petroleum (East China), Qingdao 266500, China)
(2. College of Science, China University of Petroleum (East China), Qingdao 266500, China)

Abstract: Effects of disproportionation time and dehydrogenation pressure on the magnetic properties and anisotropy of HDDR magnetic
powders were studied. The phase structures of the samples were identified by X-ray diffraction. The microstructure was investigated by
scanning electron microscope. The magnetic properties of NdFeB were measured by AMT-4A magnetic measuring instrument. The results show
that the disproportionation time determines the content of the disproportionated phase and the residual parent Nd,Fe;sBH; 4 phase in the
material after the HD process. The residual parent Nd>Fe sBH, o4 can inherit the texture information of the original Nd,Fe 4B phase, which
results in strong c-axis texture of new phase Nd,Fe;sB. When the disproportionation time extends to 40 min, the anisotropy of the magnetic
powder reaches the maximum, DOA=0.55. The dehydrogenation pressure mainly acts as the driving force for the crystal growth. The low
pressure of 0.01 MPa will cause over large driving force, which leads to the weak anisotropy of the generated new phase Nd,Fe;4sB. The
magnetic powder has the optimum anisotropy when the dehydrogenation pressure is 0.03 MPa, DOA=0.53.

Key words: Nd,Fe 4B strip casting; disproportionation time; dehydrogenation pressure; anisotropy
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