
Hi= Hex + Hi,Lorentz + Hgr,d

Hex is the external field

Hi,Lorentz is the magnetostatic field in the 

rod of interest.

H
gr,d

 the magnetostatic field of the grain itself.

Micromagnetic modelling of nano-wires in AlNiCo magnets

RESULTS AND DISCUSSION

MOTIVATION AND OBJECTIVES MATERIALS AND METHODS

CONCLUSIONS
Magnetization reversal takes place through formation of reversal volumes at the ends of the rods. Coercivity increases as rod diameter decreases 

due to the spatial confinement of the reversal volume, which restricts domain wall formation. Higher aspect ratios enhance coercivity, A plateau in 

this effect is observed and it is consistent with the idea of nucleation of a reversal volume at the ends of the sample. Magnetocrystalline anisotropy 

more than doubles coercivity in Co rods. Due to magnetostatic interactions, the optimum distance between the rods is dependent on the diameter 

of the rod. The misalign of the grains with respect to the direction of the applied field decreases coercivity, remanence and maximum energy 

density product. 
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Morpho-structural characterization

MOTIVATION

This work is motivated by the need to develop robust and 

sustainable rare earth elements-free permanent magnets for 

emergent energy and mobility applications.

OBJECTIVE

AlNiCo magnets contain fewer critical elements than rare earth 

based permanent magnets. Our objective is to provide a 

micromagnetic model of AlNiCo magnets in order to understand 

their magnetization reversal mechanism and predict the magnetic 

properties of the complex microstructure and help drive towards 

optimal compositions and microstructure.
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Fig. 1. Transmission Electron Microscopy image of AlNiCo5-7 

showing rods with diameter of 20 nm, aspect ratio of 5 and inter-

rod spacing of 5 nm and Orientation Imaging Microscopy showing 

grains with micrometer sized grains and different orientations  

Magnetic characterization

Fig. 2. Measured demagnetization 

curve of AlNiCo5-7 
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Fig. 4.  Simulated demagnetization curves and 

corresponding magnetization reversal images for 

FeCo rods with a diameter of 20 nm.

Fig. 3. Distribution of orientations 

of the long axes of the rods 

Fig. 5.  Dependence of the coercivity of cylindrical 

shaped FeCo rods on the normalized diameter for 

a given material and aspect ratio.

High values of the maximum energy density product can 

be achieved in systems where  remanent magnetization 

and coercivity are simultaneously maximized.

The coercive field is around µ0Hc = 0.08 T for rod 

diameters of 20 nm and AR = 5. 

The corresponding energy product is 60 kJ/m³. 

name anisotropy 
constant 
K1 (kJ/m³)

saturation 
polarization 
µ0Ms (T)

exchange 
constant 
A (pJ/m)

exchange 
length 
lex (nm)

FeCo 0 2.1 11 1.77

FeCo* 15 2.35 20 2.13

Co 0 1.76 13 2.3

Co* 450 1.76 13 2.3

[1]

[3]

Coercivity dependence on 

material and diameter of the rod
Magnetostatic interactions

Fig. 6.  Lorentz sphere approximation
Fig. 7.  Analytical computation of the magnetostatic field created by FeCo vertical 

rods. [4] p is the packing fraction of the magnetic rods in the non-magnetic matrix.

Machine learning prediction of coercivity, remanence and BHmax

Fig. 8.  Coercivity, remanence, and maximum energy density product as functions of the packing fraction for the FeCo system. Coercivity is 

corrected for the magnetostatic field created by rods aligned parallel to the direction of the external field. The same symbols as in Fig. 7 are used.
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Multilayer Perceptron regressor 

1 hidden layer consisting of 20 neurons. 

features: d, ar, gap, rod misalignment (θ)

Regression score is 0.99.

600 μm
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