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Fig. 1. Demagnetization curves of the 2"-annealed original-
magnet and PrCu-doped magnet upon elevated temperat-

ures.

1 RGNS PrCu R = IR #EMEREXS L
Table 1.  Comparison of magnetic properties between ori-

ginal-magnet and PrCu-doped magnet.

B,/kGs Hy/kOe BMusl gy o

MGOe
DTS 1132 15.64 31.04 94.4
AR —ZE kA 1130 17.22 30.88 95.0
TEHRFLAS 11.30 22.24 31.39 95.9
RESE 11.31  16.34 30.89 88.9
%Zgu —E kA 1130 17.60  30.51 89.3
MK 1130 2353 31.36 95.1

Bl 3 N JEREARBREEAS | — 2 nl KSR — g In] k
RS R T BUH B R (BSE) B R X3
AEIEIE A (EDS). WN1&l 3(a)—(c) & HUR IR F FR,

167502-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 71, No. 16 (2022) 167502
X
5 o 0.070
100 | E OF = =————w==x (b) EPS 0.065 (c) 0.067
o @ | B B
80 10 | @ —4.96 oy
g § —5F \ Gég 0.060 F
¥ 60f - 8 0.055f 0.053
o 5% & 10 =2
B 40 [ Original-magnet 5 % é % 0.050 |
20t — TG R E LY 8% 00451
— DTG 458.2°C! % —— Original-magnet 5 S 0.040 F —=— Original-magnet
0 . . . . M 2 _90 ) . . . o=t A . . .
0 100 200 300 400 500 600 = 0 60 120 180 240 20-50 20-100 20-150 20-200
Temperature/°C Temperature/°C Temperature range/C
X
ey (d) T OO0 (e) é) ~ 0.070 () 0.066
100 [ == =3 |\I.f — 0 S‘\ 'i 495 [ é) 0.065F . PrCu-doped magnet
=R Bt e ! &% 0.060
—O a . =4
e - : 8 0.055
8 50 1_-10 £ = 10 i § g
= PrCu-doped-magnet S % ' 25 0.050 Oﬂy
—— | {15 § % -15f : =€ 0045}
1 g o
ol —DTG 459.9 Cl e % —— PrCu-doped magnet ,: é*; 8 0.040 |+ N
. A . . . i 2 _90 . A . . . . . .
0 100 200 300 400 500 600 = 0 60 120 180 240 0 50 100 150 200
Temperature/°C Temperature/°C Temperature range/C

B 2 JEEGAEFIE PrCu RER I8 BERE E M X T

(a), (d) TG/DTG HiZk; (b), (e) Al HREIMZL; (c), (f) FIRLIERE REL

Fig. 2. Comparison of temperature stability of magnetic properties between original-magnet and PrCu-doped magnet: (a), (d) TG/

DTG curves; (b), (e) irreversible flux loss curves; (c), (f) remanence temperature coefficient.
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Table 2.
three kinds of PrCu-doped magnets.

B PrCu f A& = MRS HE & R R A B oo

Element content of different phases in

wt.% O Fe Co Cu Pr Nd Dy

¥t 0.89 56.185 13.14 0.31 4.87 15.32 9.28

Bt FTCoMl 4.02 4.63  1.98 1.13 24.68 56.75 6.83

wWCofl 0.96 20.54 23.62 0.47 13.66 34.62 6.14

T 093 56.74 13.24 0.38 4.6 14.87 9.24

7
[l k2 # Coffl

= Coffl

4.79 2.67 1.79 1.61 25.37 56.98 6.79

1.15 11.72 16.01 0.58 20.15 44.2 6.19

FH
—%
L CotH2

0.81 56.23 13.89 0.3 4.86 14.78 9.14

Coffil 2.21 5.61 9.02 1.47 23.86 51.67 6.16

2.03 6.16 4.05 1.52 25.39 54.54 6.31

167502-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) 3B =% R Acta Phys. Sin.

Vol. 71, No. 16 (2022)

167502

As-sintered

0 2 4 6 8 10 12 14 16
pm

3 (a) REEEPAD (b)

— G AN () Gl JASHE S R S L B

5B I (BSE) Bodd 17 X K RE 3 18 1 (EDS)

Fig. 3. SEM figure (BSE) and EDS figure of the corresponding region of original-magnet (a) as-sintered, (b) 1*-annealing and (c) 2"-

annealing.

F&AHKER Co M B T HK HAUEFH Co
H; BB E RS m k4, & Co MR Co Srittl
BIREAR, — Bk EFE Co FHOU B TR, H =

kA HFE Co Ml Co 72 Fu il T4 A M —2%%
[\l k& F %0 Co #H Co BBy LBl 31 Co #H & A
K £ e R M EA —2 =0 O, Sk
%1 Co M AL & K EM A WA, 78 gl k7
H, 38 Co A 1 F13X Co AH 2 19 O F=JLFAIE], H
O Fr it LR T4 S M—2ml kS 17T Co H;
Cu 7E%% Co MY L il i T AR & Co AT HE
i, W] Cu Fl Co Z I8 WX 37 43 43 3% Co AHTH
Fe frt KT Co &, 7E% Co Hih Fe & N/NF

Co &, Mi# Co A 1 F1%E Co #1 2 1) Fe & TC
W 22 5
K 5 RIEREAR TEM BI% (BF) B8R KXt
XA ICE oM I (EDX) | B IX L TR A
(SAED), B PSR I X3 A 5(a)—(c) T
Rl 7R IX 3k (B Co AHIXIR); A B FWEE, &
A HRLAERR . 25518 5 BB A FIoo R
TS A T, JRRGAR = FeRZSFE & Nd, Dy 4315
157 Nd 16 b o & 5 Dy £ 7E F A
H & 5(a) AT, BREGARBELE A Cu Al Co {4 AR
FE LN — B4 X 38, B Co A A ?éﬁﬁfﬁ
Cu I, 1 Cu F&Hm i X Co Fraig, B

167502-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

W) 3B =% R Acta Phys. Sin.

Vol. 71, No. 16 (2022)

167502

1400
1200
1000

800
0 2 4 6 8 10 12 14 16
pm

E 4 (a) B PrCu B BLE 2. (b)

Nd

—GRIAL RSN (c) T2 [T KSR i B 1 L B HOS R ) (BSE) Bk B IX S RE T FR A (EDS)

Fig. 4. SEM figure (BSE) and EDS figure of the corresponding region of PrCu-doped magnet (a) as-sintered, (b) 1*%-annealing and

(c) 2"d-annealing.
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Fig. 5. Bright field image (BF) and corresponding EDX mapping of original-magnet: (a) As-sintered; (b) 1%-annealing; (c) 2"d-an-

nealing.
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Fig. 6. Bright field image (BF) and corresponding Selected Area Electron Diffraction figure and EDX mapping of PrCu-doped mag-

net: (a) As-sintered; (b) 1*-annealing; (c) 2"d-annealing.
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Effect of Prg,Cu,, grain boundary addition on microstructure
and magnetic properties of (Pr, Nd, Dy);, »
Coy3Cuy 4Fep,,Bogs My g5 magnet’
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Meng Rui-Yang!  Dong Sheng-Zhi Dt
1) (Division of Functional Materials, Central Iron €& Steel Research Institute, Beijing 100081, China)

2) (School of Materials Science and Engineering, Zhejiang University, Hangzhou 310027, China)
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Abstract

With the aim of increasing Cu concentration to regulate the distribution of Co elements in RE-rich phase,
the low-melting-point PrgCuy, intergranular alloy is introduced into the (Pr, Nd, Dy)sy2Co;5Cug Feyy
BogsMigs (M = Al, Ga, Zr) magnet. Comparing with the original magnet, the remanence of PrCu-doped
magnet is basically unchanged, and the coercivity is increased by approximately 1.3 kOe. Simultaneously, the
Curie temperature, remanence temperature coefficient and irreversible flux loss are slightly improved.
Microstructural study reveals that the Co-lean phase and the Co-rich phase coexist in the grain boundary in the
2"_annealed original magnet. However, for the PrCu-doped magnet, the uniform distribution of Cu and Co
elements in the intergranular phase are evidently improved, resulting in the elimination of the Co-rich phase.
Since the R,(Fe, Co);; (R = Pr, Nd, Dy) soft magnetic phase easily coexist with the Co-rich phase and are
detrimental to the coercivity, the elimination of Co-rich intergranular phase may be an important reason for the

higher coercivity of the 2"d-annealed PrCu-doped magnet than that of the original magnet.

Keywords: sintered NdFeB magnet, intergranular addition, annealing, opposite distribution between Cu and

Co, coercivity
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