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ABSTRACT
In this study, the Nd-Fe-B powders coated by Ni-P alloy film with electroless nickel process

was investigated. The coated Nd-Fe-B powders were pressed to the Nd-Fe-B magnets and then
these magnets were immersed in HMTA alcohol solution or PU aqueous solution. We analyzed the
compositions of the Nd-Fe-B powders by ICP-AES and observed the surfaces of the Nd-Fe-B
powders by SEM. Furthermore, We examined the anti-corrosion effect of the coated Nd-Fe-B
powders and their magnets with environment test at the condition of 90% RH and 80 . The
results showed that the anti-corrosion effect of the Nd-Fe-B powders coated with electroless nickel
was improved. However, the magnets made of Nd-Fe-B powders coated with electroless nickel
always produced a crack on the surface. This phenomenon disappeared after the magnets
immersed in PU aqueous solution. This anti-corrosion effect of the Nd-Fe-B magnets coated with
electroless nickel was also improved obviously.
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2.2.1 Nd-1 ~ Nd-4 

(1) BTU-40  5g/L, 65 , 10min

(2) 90g/L, 15g/L, 25 ,

10min            

(3) , 65 , 15min

(4) X ( 1), 65 , 20min

(5) Y ( 1), 65 , 20min

(6)

(7) 120 , 2hrs

Nd-1 ~ Nd-4 

Nd-1 (1) (2) (5) (6) (7)

Nd-2 (1) (2) (3) (4) (6) (7)

Nd-2S (1) (2) (3) (6) (7)

Nd-3 (1) (2) (4) (6) (7)

Nd-4 (1) (2) (3) (5) (6) (7)

2.2.2 Nd-5 ~ Nd-9 

(1) BTU-40  5g/L, 50 , 20min

(2) 90g/L, 15g/L, 25 ,

10min

(3) X ( 1),65 , 40min

(4) Y ( 1),65 , 40min
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(5)

(6) 50 , 4hrs

Nd-5 ~ Nd-9 

Nd-5 (1) (3) (6)

Nd-6 (1) (2) (3) (5) (6)

Nd-7 (1) (3) (5) (6)

Nd-8 (1) (4) (5) (6)

Nd-9 (1) (2) (4) (5) (6)

2.3 Nd-Fe-B 

Nd-Fe-B 

ICP-AES (inductively coupled plasma-

atomic emission spectrometry) 

2.4 Nd-Fe-B

2.4.1

Nd-Fe-B 

Nd-5 ~ Nd-9 

2.4.2 HMTA

2g HMTA (hexamethlyene tetramine) 1L

2.3.1 

10 50 3 

2.4.3 PU

40g R-961 PU 1.2g CX-100 

570ml PU 

2.3.1 10 

120 10

2.5 

Nd-Fe-B 90%RH 80

2.6 SEM

SEM (scanning electron microcopy) 

Nd-Fe-B 

3.1 

Nd-Fe-B (Nd-1~Nd-

4) ICP-AES 2 

Nd-1 Nd-2 Nd-3 

Nd-Fe-B 8~15wt%

Nd-4 1%

3.2 

3 1 Nd-Fe-

B 90%RH, 80

3 Nd-Fe-B 24 

Nd-2 Nd-

4 48 

Nd-Fe-B 
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Nd-Fe-B 240 
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1 .

Table 1. The compositions of plating baths and

operation  conditions for the electroless nickel

plating process.

2 . Nd-1~Nd-4 ICP-AES

Table 2. The compositions of  Nd-Fe-B  powder coated

with electroless nickel analyzed by ICP-AES.
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3 . Nd-1~Nd-4 

(90%RH, 80 )

Table 3. The environment  test  ( 90%RH, 80 ) results

of  Nd-Fe-B powders coated with electroless

nickel  (Nd-1~Nd-4).

4 . Nd-Fe-B 90% RH, 80

Table 4. The environment test (90% RH, 80 ) results

of various magnets.

1. (Nd-5~Nd-9) 240 

(90% RH 80 ) 

Fig. 1. The increased weight of Nd-Fe-B Powders

coated with electroless nickel (Nd-5~Nd-9)

after environment test at 90% RH and 80 for

240 hrs. 

2. Nd-Fe-B SEM 

Fig. 2. SEM photograph of Nd-Fe-B powders without

electroless nickel.
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3. Nd-Fe-B 

(Nd-4) SEM 

Fig. 3. SEM photograph of Nd-Fe-B powders coated

with immersion nickel and high phosphorus

electroless nickel (Nd-4).

4. Nd-Fe-B 

(Nd-2S) SEM 

Fig. 4. SEM photograph of  Nd-Fe-B powders coated

with  immersion nickel  and medium

phosphorus electroless  nickel    (Nd-2S).

(a) Nd-3

(b) Nd-6

(c) Nd-7

5. Nd-Fe-B (Nd-3,

Nd-6 Nd-7) SEM 

Fig. 5. SEM photographs of Nd-Fe-B powders coated

with medium phosphorus electroless nickel

(Nd-3, Nd-6 and Nd-7). 
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6. Nd-Fe-B (Nd-9)

SEM 

Fig. 6. SEM photograph of Nd-Fe-B powders coated

with high phosphorus electroless nickel (Nd-

9).

7. Nd-Fe-B 24 

(90%RH, 80 ) 

Fig. 7. The surface image of the magnet made of Nd-

Fe-B powders without electroless nickel

plating after environment test at 90% RH and

80 for 24 hrs.

8. Nd-Fe-B 

192 (90% RH,80 ) 

Fig. 8. The surface image of the magnet made of  Nd-

Fe-B  powders coated with medium

phosphorus electroless nickel after

environment test at 90% RH and 80 for 192

hrs. 

9. Nd-Fe-B 

HMTA 240 

(90% RH,80 ) 

Fig. 9. The surface image of the magnet made of

medium phosphorus  electroless nickel  plated

Nd-Fe-B  powders immersed by HMTA

alcohol solution after environment test at 90%

RH and 80 for 240 hrs.
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10. Nd-Fe-B 

PU 240 

(90% RH, 80 ) 

Fig. 10. The surface image of the magnet made of

medium phosphorus electroless nickel plated

Nd-Fe-B  powders immersed by  PU aqueous

solution after environment test at 90% RH and

80 for  240 hrs.
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