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 1  N35!"# NdFeB$%&'()*+� 

Table 1  Composition of sintered NdFeB magnets (N35) (ω/%) 

Nd Dy Pr B Al Fe 

16.70 0.30 16.50 1.15 0.30 Bal. 
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Á 1  NdFeBÂÃdÄÅ{Æ 

Fig.1  Microstructure of NdFeB magnets: (a) OM image and  

(b) SEM image 
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Á 2  NdFeBÂÃ^_`;abdÇÈÉÊ 

Fig.2  Surface morphologies of samples for different immersion 

time: (a) 0 h, (b) 6 h, (c) 24 h, (d) 96 h, (e) 192 h, (f) 360 h, 

(g) 480 h, (h) 600 h, and (i) 720 h 

 

noÚÊ�`výK 4a þ���ÎÛÜ� 221

� α-Fe

2

O

3

/0VWÛÝ�½x�ÞÔno¦§:�

Ò�[ßÖ��~��àw±o���W* Nd

2

Fe

l4

B

wY�±�Y�cá	�HÛÜ� 275� 365� NdCl

3

/0Ýâ=�Ôr�8Ô Cl

-

����Ç¿��� ã 

 

 

¥ar¢% Nd *UGH3�`vÓwy� 470 �Ý

ä�+FÜåæÛÝ 476� B

2

O

3

�'Ü%d*�á	

ç»W*��±H1309 �èÝä¥�-FeOOH �åæ

/0pé 1307 �À�ÞÔÓZ08ê°�-FeOOH�

w¥ëìíº�ÆÇ`vuÎ

[11]

�îÏÐWXwYC

HïÉF

[11,12]

ð 

Nd-3e+3Cl

-

→NdCl

3

 

                                 

(1) 

4Fe+3O

2

→2Fe

2

O

3

                        (2) 

B+3H

2

O-3e→H

3

BO

3

 +3H

+

                 (3) 

noÎÊ�`výK 4b þ��ñC α-Fe

2

O

3

#

NdCl

3

#�-FeOOH�/0pé 687� B

2

O

3

�Ó�ÛÜ

� 568� Nd(OH)

3

�8Ô% Nd*U�ò8k«À±�

f�W*�W�ó82wY,ÈÉF�îÏÐWXw

YCHïÉF

[11,12]

ð 

2H

2

O+2e→H

2

+2OH

-

                      (4) 

Nd+2/3H

2

→NdH

3

                         (5) 

NdH

3

+3H

2

O→Nd(OH)

3

+3H

2

                (6) 

noTÊ�`výK 4cþ��KÎ\yCÛÜ�

267��-Fe

2

O

3

�î��noK�WX� α-Fe

2

O

3

��

-Fe

2

O

3

���ôwYI¡no�f 601 �ÛÝ�À

Nd(OH)

3

�åæÝä�604��È�½�è�8Ô�ê

°� Nd(OH)

3

õ¿0��8¡�ÛÜ 507�Ýä�è�

8ÔZ0ê°� B

2

O

3

�wWX�öW*��±�îÏ

ÐW*no÷Wïøp�WXwYC�HÉF

[11,12]

ð  

Nd

2

Fe

l4

B+3O

2

→13α-Fe+Nd

2

O

3

+FeBO

3

       (7) 

4α-Fe+3O

2

→2α-Fe

2

O

3   

                 (8) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 3  NdFeBÂÃ^_`;abËd��ÅÈLMvw 

Fig.3  SE-SEM images of samples for different immersion time: (a) 6 h, (b) 24 h, (c) 48 h, (d) 360 h, (e) 480 h, and (f) 720 h 
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Á 4  NdFeBÂÃ`;LMa�dnopqÌÂ6� 

Fig.4  Raman spectra of samples for different immersion periods: (a) 24 h, (b) 48 h, and (c) 360 h 
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Á 5  ÂÃW`;LMucd}&~���� 

Fig.5  Polarization curves of samples for different immersion 

periods in 3.5% NaCl solution  
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Á 6  NdFeBÂÃ^_`;abdÍÎ��q 

Fig.6  EIS spectra of specimens after immersion for different time in 3.5% NaCl solution: (a, c, e, g) Nyquist map; (b, d, f, h) Bode map 
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Á 7  NdFeBÂÃ`;LMucd��&�Á 

Fig.7  Equivalent electrical circuits for samples at different 

immersion stages: (a) 0 h, (b) 6~96 h, and (c) 192~720 h 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Á 8  NdFeBÂÃ`;LMucd�Ð6�!1Ì��q 

Fig.8  Contrast between EIS plots and the fitting curves for samples for different immersion periods (a, b) 6 h, (c, d) 48 h, and (e, f) 360 h 
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Fig.9  Fitting values of R

corr

 for samples as a function of 

immersion time 
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Abstract: The corrosion behavior of sintered Nd-Fe-B magnets in 3.5 wt% NaCl solution for different time was studied by an immersion 

test. The morphology and composition of corrosion products were characterized by scanning electron microscope (SEM) and Raman 

spectroscopy. The microstructure and corrosion behavior of specimens at different stages were investigated by electrochemical impedance 

spectroscopy (EIS) and potentiodynamic polarization. The electrochemical equivalent circuits were used to fit the EIS data. Results show 

that pitting corrosion, optional intergranular corrosion and total corrosion occur successively during the immersion process. However, the 

corrosion product layer is a loose structure that can only temporarily slow down the corrosion rate. The Nd-rich phase at the grain 

boundary preferentially dissolves in the medium so that the main phase particles are exposed to the corrosive solution and 

quickly corroded, thereby causing damage to the magnets. The corrosion products are mainly iron and neodymium oxides or hydroxides, 

the type of which varies with the immersion time. 

Key words: NdFeB; permanent magnet material; corrosion; electrochemistry; EIS 
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