
Accepted Manuscript

High coercive Zn-bonded Sm-Fe-N magnets prepared using fine Zn particles
with low oxygen content

Masashi Matsuura, Tomoki Shiraiwa, Nobuki Tezuka, Satoshi Sugimoto,
Tetsuya Shoji, Noritsugu Sakuma, Kazuaki Haga

PII: S0304-8853(17)32703-8
DOI: https://doi.org/10.1016/j.jmmm.2017.12.059
Reference: MAGMA 63528

To appear in: Journal of Magnetism and Magnetic Materials

Received Date: 25 August 2017
Revised Date: 13 December 2017
Accepted Date: 16 December 2017

Please cite this article as: M. Matsuura, T. Shiraiwa, N. Tezuka, S. Sugimoto, T. Shoji, N. Sakuma, K. Haga, High
coercive Zn-bonded Sm-Fe-N magnets prepared using fine Zn particles with low oxygen content, Journal of
Magnetism and Magnetic Materials (2017), doi: https://doi.org/10.1016/j.jmmm.2017.12.059

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jmmm.2017.12.059
https://doi.org/10.1016/j.jmmm.2017.12.059


  

1 

 

High coercive Zn-bonded Sm-Fe-N magnets prepared using fine Zn particles with 

low oxygen content 

 

 
Masashi Matsuura

1
, Tomoki Shiraiwa

1
, Nobuki Tezuka

1
, Satoshi Sugimoto

1
, Tetsuya Shoji

2,3
, 

Noritsugu Sakuma
2,3

, Kazuaki Haga
2,3 

 
1
 Department of Materials Science, Graduate School of Engineering, Tohoku University,  

6-6-02 Aoba-yama, Sendai, Miyagi 980-8579, Japan 
2
 Toyota Motor Corporation, 1 Toyota-cho, Toyota, Aichi 471-8572, Japan 

3
 Technology Research Association of Magnetic Materials for High-efficiency Motors 

(MagHEM) Higashifuji-Branch, 1200 Mishuku, Susono Shizuoka 410-1193, Japan 

 

Corresponding Author: Masashi Matsuura, e-mail; m-matsu@material.tohoku.ac.jp 

 

 

Abstract 

To improve the coercivity of Zn-bonded Sm-Fe-N magnets, fine Zn particles with low oxygen 

content were fabricated by the hydrogen plasma-metal reaction (HPMR), and Zn-bonded 

Sm-Fe-N magnets were prepared using the Zn particles. The primary and secondary average Zn 

particle sizes were 0.23 and 0.93 m, respectively, and the oxygen content was 0.068 wt%. The 

oxygen content in the Zn-bonded Sm-Fe-N magnets prepared using the Zn particles also 

decreased, and the coercivity and energy products of the 15 wt% Zn-bonded Sm-Fe-N magnets 

were 2.66 MAm
-1

 and 53.1 kJm
-3

, respectively, at room temperature. The 10 wt% Zn-bonded 

Sm-Fe-N magnet was also a high coercivity value of 2.41 MAm
-1

, and the energy product was 

56.1 kJm
-3

. The coercivity strongly depended on the oxygen content rather than the particle size 

of Zn, and decreasing the oxygen content in the starting material improved the magnetic 

properties of Zn-bonded Sm-Fe-N magnets. The coercivity of the 15 wt% Zn magnet measured 

at 180 and 200 C was 1.23 and 1.10 MAm
-1

, respectively, and the temperature coefficient of 

coercivity was -0.32 %C
-1
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1.  Introduction 

Sm2Fe17N3 compound has excellent magnetic properties of high saturation magnetic polarization 

(Js), a large anisotropy field, and a high Curie temperature.
[1,2]

 However, Sm2Fe17N3 cannot be 

used in sintered magnets because it decomposes above approximately 600 C. Therefore, 

Sm2Fe17N3 is used in bonded magnets with polymer or metal binders. 

Otani et al.
[3]

 investigated the magnetic properties of metal-bonded Sm2Fe17N3 magnets using 

Zn, Bi, Sn, and Al with low melting points. They reported that the Zn binder improves the 

coercivity of the Sm-Fe-N bonded magnets and that the coercivity of the magnets is higher than 

that of other metal-bonded Sm-Fe-N magnets. They also found that the appearance of Zn7Fe3, 

which can be described as the -FeZn phase, increased the coercivity. Hiraga et al.
[4]

 observed 

the microstructure of Zn-bonded Sm-Fe-N magnets and concluded that substituting Zn for Fe at 
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