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Triple junction modeling with  
carbide inclusions in MnAl-C 

 

Local demagnetization 
fields and exchange 
coupling between  
grains have a negative 
impact on the coercive 
field of permanent 
magnets. In this work 
we quantify coercivity  
in triple junctions of 
MnAl-C with embedded 
paramagnetic and  soft 
magnetic inclusions. 
Particularly at triple 
junctions formed at 
grain boundaries, 
carbide inclusions are 
frequently found. Soft 
magnetic inclusions  
with a diameter greater 
than 10 nm, where 
curling and multi-
domain reversal is 
triggered by adjacent 
hard magnetic entities, 
led to only a fraction of 
the coercive field 
achieved without the 
inclusions.  

ABSTRACT 

The change in the coercive field caused by carbide 
inclusions at triple junctions of MnAl-C is unclear. In 
micromagnetic simulations we assume soft magnetic 
carbide properties, because of the cubic crystal 
structure and the multiplicity of easy axes [1]. 
Therefore we investigate two extreme cases: (i) para-
magnetic inclusions or (ii) soft magnetic inclusions with 
a higher spontaneous magnetization Ms and a lower 
anisotropy K as compared to the main phase. 
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Model 

Introduction 

A 500 nm sphere of MnAl-C has an ideal Stoner Wohlfarth nucleation field µ0Hn of 4.71 T 
calculated by Hn = 2K/(µ0Ms) [3]. If we have a separating interface, in which the easy axes of both 
entities are misorientated to the external field, the switching field µ0Hc is reduced. Paramagnetic 
inclusions do not affect coercivity and up to 10 nm inclusion size the soft magnetic inclusions 
have no influence at triple junctions as well. The geometry of the inclusions and its influence on 
coercivity get dominant with diameters greater than 10 nm. Here, coherent rotation inside soft 
magnetic inclusions transforms to curling and multidomain reversal and triggers early nucleation. 

Results 

We extract crystallographic orientation 
information from Electron Backscattered 
Diffraction (EBSD) data and apply it to a 
spherical model to avoid demagnetization 
effects arising from the shape of the 
model. The model diameter is 500 nm, 
large enough to allow the formation and 
movement of domain walls.  
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In the center of the model we place soft magnetic or paramagnetic inclusions. We create a finite 
element mesh of the described model with the pre- and postprocessing software Salome [2] and 
compute demagnetization curves with inclusion sizes up to 150 nm.  

We apply extreme cases of the inclusion geometry as well, spheres and regular tetrahedrons. The 
spherical shape accounts for an idealistic inclusion to investigate the impact of its intrinsic 
properties, whereas in the tetrahedral shape the effect of sharp edges is included. 
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On the left: Coercive field μ0Hc as function of inclusion size with an external field applied in z-
direction. Easy axis configuration without inclusion is shown as inlay. In the center: Demagneti-
zation curves  of the model with soft magnetic inclusions. Early nucleation of the 150 nm spheri-
cal inclusion is shown prior the first irreversible step. On the right: Magnetization arrows and 
domain wall inside the soft magnetic core from (a) initial saturation to (f) full demagnetization. 
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μ0Ms = 0.8 T 
K = 1.5 MJ/m3 

 

μ0Ms = 2.15 T 
K = 48 KJ/m3 

 


