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Magnetic Proprieties Evolution During Thermal Ageing of High 

Permeability Nanocrystalline FeSiNbCuB Alloys Annealed under 

Magnetic Longitudinal Field

In aircraft applications and electric vehicles industry, the

compactness of electrical systems is very important to

increase energy efficiency but this reduction of masse and

volume exposes magnetic components to high

temperatures and decreases their magnetic properties

over time. In this paper we study particularly

nanocrystalline materials ageing at four temperatures.

• Nanocrystalline Fe73.5Cu1Nb3Si15,5B7 magnetic

behavior during thermal ageing.

• Comparaison between three nanocrystalline materials

nuances (annealed differently).

Rania Saoudi1, Laurent Morel1, Marie-Ange Raulet1

1 : Univ Lyon, Université Claude Bernard Lyon 1, INSA Lyon, Ecole Centrale de Lyon, CNRS, Ampère,

UMR5005, 69622 Villeurbanne, France

Nanocrystalline microstructurale

• Quasi-static hysteresis loops were mesured on

nanocrystalline (Z) cores.

• Monitoring macroscopique magnetic properties

during ageing at four temperatures.

Objectives
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Saturation flux density 𝐵𝑚𝑎𝑥

and residual induction do not 

change with ageing

Remarkable degradation in coercive force 𝐻𝑐 and maximal 

permeability µ𝑚𝑎𝑥 at 200 °C

Total anisotropic energy 𝐸𝐾 increased

with ageing, this energy calculated using 

the initial magnetization curve :

𝐸𝐾 = න
0

𝐵𝑠𝑎𝑡

𝐻. 𝑑𝐵 ≈< 𝐸𝐾1 > +𝐸
𝜆𝜎
+ 𝐸𝐾𝑢

• Random magnetocristallyne energy 

< 𝐸𝐾1 >≈< 𝐾1 >= 𝑓𝑥
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(G. Herzer)

Microstructure measurements showed that 

this energy has not changed during ageing.

• Magnetoelastic energy

𝑬
𝝀𝝈
≈ 𝐾𝑢𝜎= −

3

2
. 𝜆𝑠. 𝜎

Supposing that internal stress 𝜎 is a constant, 

magnetstriction 𝜆𝑠 measurements showed 

that 𝐸
𝜆𝜎

energy has decreased during ageing.

• Induced energy during annealing 𝑬𝑲𝒖
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aged a lot more than other nuances

• During ageing, the increase of total

anisotropic energy doesn’t come from the

existing energies in the material. We

suppose that a new energy appeared over

time which disturbs domain patterns.

• Due to the applied field during the

annealing, domains are forced to follow a

specific direction so the new energy

introduced by ageing disturbs the

domain less than the case of materials

annealed without field.

• We assume that the degree of this disturb

depends on the competitiveness of the

introduced energy with ageing compared

to the anisotropy energy initially

dominating in the material.

• Kerr images will be observed in further

studies in aim to prove these hypotheses.

This energy dominates in nanocrystalline

(F) and (Z) 

This energy dominates in nanocrystalline

(R) 
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(R) : annealed without magnetic field

(Z): annealed with longitudinal magnetic field

(F): annealed with transversal magnetic field

Quasi-static hysteresis loops evolution during ageing at 200 °C

µ𝑚𝑎𝑥 evolution during thermal ageing

𝐸𝐾 evolution during thermal ageing

Comparaison of ageing behvior at 200 °C of different
nanocrystalline nuances

𝐻𝑐 evolution during thermal ageing

Schematic illustration of nanocrystallisation process [5]


