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Challenges to the coercivity of Nd-Fe-B magnet 

 
The magnet, i.e., the permanent magnet, is a familiar material, and plays important roles in many 

products such as electric motor and recording material. Analyses on its mechanism and 

improvements of the performance have been studied extensively. In particular, it is very important 

to study its temperature dependence. However, when we study the problem by methods of current 

physics, there are difficult problems. Here we introduce our trials on this problem for the high-

performance Nd2Fe14B magnet, and study various types of hysteresis phenomena.  

First, we constructed an atomistic Hamiltonian to take into account the temperature property [1]. 

With it, we calculated various thermodynamic quantities such as the magnetization and anisotropy 

energies by standard methods of statistical physics and confirmed the model can reproduce 

experimental results. Moreover, the domain wall profiles and the spectrum of FMR (ferromagnetic 

resonance) were also studied. As a merit of the atomistic model, we can find anisotropy due to the 

crystal structure and also atom-specific ordering properties.  

The important property of magnets is the coercivity. Although we have studied quantum effects 

on the metastability [2], coercivity of classical magnets is still a challenging problem. In contrast 

to the above-mentioned thermodynamic quantities, we do not have theoretical formula for 

coercivity, and thus so far only little study has been done on the quantitative estimation of the 

coercivity at finite temperatures. Coercivity is a kind of spinodal phenomena. In systems of short-

range interaction, however, there is no spinodal singularity at finite temperatures due to the 

nucleation. Therefore, we must study “spinodal-like” phenomena [3]. We first studies this problem 

in nano-size grains by the stochastic LLG equation [4] and also by a method using the free-energy 

landscape obtained by Wang-Landau method [5]. We obtained the strength of field at which the 

relaxation time of the magnetization is 1s (a definition of coercivity), and its temperature 

dependence. For larger grains, the dipole-dipole interaction plays a role and the so-called 

multidomain magnetic structure appears. To study such cases, we developed a modified SCO 

(stochastic cutoff) method and studied coercivity in such systems [6]. The magnet is an ensemble 

of grains. Trials for such complicated case is also introduced. 

 

 

 

 

 

http://www-dcom.intra.cea.fr/wp-content/uploads/CEA_logo_quadri-sur-fond-rouge.jpg


                   
 CEA – Saclay, 91191 Gif-sur-Yvette Cedex 

Service de Physique de l'Etat Condensé - UMR 368 
 

VISIO SÉMINAIRE 

Mercredi 20 janvier 2021 à 11h 

 

2 

 

 

[1] Y. Toga, M. Matsumoto, S. Miyashita, H. Akai, S. Doi, T. Miyake, and A. Sakuma: Phys. Rev. B 94, 174433 (2016). 

& Phys. Rev. B 94, 219901 (2016). 

[2] e.g., T. Hatomura, B. Barbara and S. Miyashita: Phys. Rev. Lett. 116 037203 (2016) + Phys. Rev. B96, 134309 

(2017). And T. Shirai, S. Todo, H. de Raedt and S. Miyashita, Phys. Rev. A98, 043802 (2018) + A101, 013809 (2020).  

[3] P. A. Rikvold, H. Tomita, S. Miyashita and S. W. Sides: Phys. Rev. E 49, 5080-5090 (1994). 

[4] Y. Toga, S. Miyashita, A. Sakuma and T. Miyake, npj Computational Materials 6, 67 (2020).  

[5] M. Nishino, I. E. Uysal, T. Hinokihara, and S. Miyashita, Phys. Rev. B 102, 020413(R) (2020). 

[6] T. Hinokihara and S. Miyashita, arXive: 2009.11574, Phys. Rev. B(2021) to be published. 

 

 

Join Zoom Meeting 

 

https://zoom.us/j/99370846597?pwd=bktWL0orZUxCOGdTMSt2aW91M2M4Zz09 
Meeting ID: 993 7084 6597 

Passcode: X3DUtJ 

One tap mobile 

+33170950350,,99370846597#,,,,*120440# France 

+33186995831,,99370846597#,,,,*120440# France 

 

Dial by your location 

        +33 1 7095 0350 France 

        +33 1 8699 5831 France 

        +33 1 7037 2246 France 

        +33 1 7037 9729 France 

        +33 1 7095 0103 France 

        +81 524 564 439 Japan 

        +81 3 4578 1488 Japan 

        +81 363 628 317 Japan 

Meeting ID: 993 7084 6597 

Passcode: 120440 

Find your local number: https://zoom.us/u/aNHhB36HI 
 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

http://www-dcom.intra.cea.fr/wp-content/uploads/CEA_logo_quadri-sur-fond-rouge.jpg
https://zoom.us/j/99370846597?pwd=bktWL0orZUxCOGdTMSt2aW91M2M4Zz09
https://zoom.us/u/aNHhB36HI

