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Abstract Recently, the grain boundary diffusion process (GBDP), involving heavy rare-earth elements such as Dy
and Tb, has been widely used to enhance the coercivity of Nd-Fe-B permanent magnets. For example, a Dy compound
is coated onto the surface of Nd-Fe-B sintered magnets, and then the magnets are heat treated. Subsequently, Dy dif-
fuses into the grain boundaries of Nd-Fe-B magnets, forming Dy-Fe-B or Nd-Dy-Fe-B. The dip-coating process is also
used widely instead of the GBDP. However, it is quite hard to control the thickness uniformity using dip coating. In this
study, first, a DyF; paste is fabricated using DyF; powder. Subsequently, the fabricated DyF; paste is homogeneously
coated onto the surface of a Nd-Fe-B sintered magnet. The magnet is then subjected to GBDP to enhance its coercivity.
The weight ratio of binder and DyF; powder is controlled, and we find that the coercivity enhances with decreasing
binder content. In addition, the maximum coercivity is obtained with the paste containing 70 wt% of DyF; powder.
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Fig. 1. (a) Flow chart of synthesis route for GBDPed Nd-Fe-B
magnets and (b) schematic diagram for tape-casting process.
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Fig. 2. SEM images of (a) DyF; powder and (b) grinded
DyF; powder by mortar.
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Fig. 3. Weight-temperature curve of ethyl cellulose under
the air atmosphere. (room temperature~900°C, 5°C/min)
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Fig. 4. B-H curves of (a) Nd-Fe-B sintered magnet, (b)
GBDPed Nd-Fe-B sintered magnet without and (c) with DyF;
film (100 pm).
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Fig. 5. B-H curves of GBDPed Nd-Fe-B sintered magnets
with DyF; paste. (a) Process for remove of the binder was
included and (b) excluded.

A2 17.75 kOe= UEFSITE ¥ &3] F7go] ¥
Nd-Fe-B &7 24| Aeke- F 0.2722 wt% 7H& 71
A1, BAEL 18.40 kOeZ YERY} ©A] T o] X
&2 AlA Hlsle] eF 0.65 kOe2] BAE S T 7}
Attt ol g4 30| EASHA ¥ AT A
T4 5 DyF; paste WOl ethyl cellulose”} &3] A AE
<t A7te] o ARE o] Dy7t F-23] FAFEA] 1351371

o2 FEY, gikE Dy o] Yol Nd-Fe-B 4~
A A0 At QA gx] FA o] LT AlHd| Bl
o W Yehd Ao ddEth B A9E 53l DyF,
paste?] ©A] F7g°] Nd-Fe-B A2 A2 9] B} o
7198 s IR 5 UL, ©]F 5381 Nd-Fe-B &2
o] ol 2R3l e f71E 9A SE3] AAE
olok Dye] it B} FA YEhES oY & 4 o

8 6 7] paste -84 O] ethyl cellulose 3 ¥
Slofl w2 QYAIFAHE Nd-Fe-B 2F 2P| 24 EA4E
SA% g3z ot} 7] paste & W< ethyl cellulose
o] &ko] 3 wi% (L 6(a)°lA 10 wt% (L 6(c)E =
7VE HAEE ethyl cellulose] $HaFe] 3 wi%ed o,
19.42 kOe, 5wt%Q W, 18.44 kOe, 10 wt% uj, 18.18
kOeZ 7ash= 3S ER1% 4= Atk ©]= DyF; paste
Woll EA3F= ethyl cellulose”} YA 34 5 Dy &
2 Wafiehe Q1o A851lY] Wi o ® dAdE
wehA] paste 9] ethyl cellulose®] $H-e Zo|wHA] 3
A =xE & ' FEE ZE pasteE AFShe Aol
83t

I% 78 DyF; 223 712 paste £ (10 wt%2] ethyl
cellulose -8-24)2] &3 Hl-& W3} W2 Nd-Fe-B &2 #}

(¢}

ol

)
le]
<
c 9F
S
®
N
g s
()]
©
=
3t (a)
—(b)
()
0 1 1 1 1
-25 -20 -15 -10 -5 0

Applied fields (kOe)

Fig. 6. B-H curves of GBDPed Nd-Fe-B sintered magnets
with DyF; paste. The weight ratio of ethyl cellulose in the
base solution was (a) 3 wt%, (b) 5 wt%, and (c) 10 wt%.
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Fig. 7. B-H curves of GBDPed Nd-Fe-B sintered magnets
with DyF; paste. The weight ratio of DyF; powder and the
base solution was (a) 5:5, (b) 6:4, (c) 7:3, and (d) 8:2.
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