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Magnetization processes of nanoparticulate magnetic media are simulated using a Preisach-
Néel type model with thermal variable variance. A lattice of representative particles 
distributed in the Preisach plane describes the magnetic behavior of the ensemble. Each 
representative particle corresponds to the same total magnetic moment. The effect of dynamic 
interactions was taken into account by modifying the position of the maximum of the Preisach 
distribution to higher coercitive fields when the number of superparamagnetic particles 
increases. We also considered the dependence of the statistical interactions on the number of 
the superparamagnetic particles. The movement of the critical curves in the Preisach plane in 
constant and variable magnetic field processes is taken into consideration in respect with the 
results of the simulations using a model with the master equation distributed in the Preisach 
plane. Using this model we have simulated in-field and remanent magnetization curves and 
the deltaM curves. 
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1. Introduction 
 
In order to explain the magnetic properties when the dimensions of the magnetic entities 

became smaller, time and temperature dependent models have been developed in the last few years 
([1]-[5]). A phenomenological theory, based on intrinsic energy barrier, has been described by 
Chantrell et al. [1]. In order to simplify the calculations, linear energy barrier versus field were used in 
[2], [3]. This gives straight critical lines, separating superparamagnetic and blocked particles. 
Considering in the calculus of the energy barrier the Stoner–Wohlfarth model, nonlinear critical 
curves are obtained, as one can see in Ref. [4] and [5]. This approach allows the evaluation of the 
angular dependence of the curves computed for oriented nanoparticle systems. The analysis of the 
movement of the critical curves in the Preisach plane was done by us [6] using a model in which the 
dynamic of all subsystems in the Preisach plane (particles associated to a certain point in the Preisach 
plane) is described by the master equation. 

In Preisach modeling it has been shown that the static interactions distribution is strongly 
dependent on the magnetic state of the sample [7]. In systems in which the relaxation has an important 
role, such as the nanoparticulate ferromagnetic ensembles, the interactions variance is changing due 
this factor too. In order to take into account the increase of the energy barriers height as an effect of 
dynamic interactions, the coercive field distribution is shi fted in function of the superparamagnetic 
fraction of the magnetic moment. We shall refer to those effects as to the thermal variable variance. 
Some particular processes are studied using this model. 
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2. The model 
 
We consider a distribution of ultrafine ferromagnetic particles in the Preisach plane with 

aligned easy axis, making an angle ψ with the applied field. For a given particle there are two 
positions of stable equil ibrium for the polarization in the Stoner-Wohlfarth model [8] corresponding 
to angles θ+ and θ- between the easy axis and the polarization vector, separated by unstable 
equilibrium position θm. The corresponding values of the magnetic moment are: 

)cos( ±± −= θψSVPm       (1) 

where V is the particle volume, PS is the saturation polarization of the particle. The expressions of the 
energy barrier corresponding to the polarization vector in and out of the field direction are those given 
by Pfei ffer [9]: 

( ) ( )

( )ψ

ψ
ψ

g

c

KS

H

HHVP
HE

��
����

=∆ ± �1
2

,  
 

    (2) 

with 

( ) ( )
k

c

H

H
g

ψψ 14.186.0 += . 
 

    (3) 

where HK, Hc denote the  anisotropy and the coercive field respectively. 
For the relaxation times, τ+ and τ- we use the expression given by Néel [10]: ��	
�� ±∆=± kT

E
exp0ττ . 
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where τ0
-1 is a microscopic attempt frequency which is about 109s-1. 
In our model the distribution of ultrafine ferromagnetic particles is described by a matrix of 

representative points in the Preisach plane. The representative points are chosen in order to 
correspond to the same magnetic moment. The higher is the value of the Preisach distribution, the 
denser are the representative points. The position of the critical curves in processes with constant or 
variable field and temperature are that given by the result of the simulations using the master equation 
distributed in the Preisach plane [6]: 
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with n+ and n- –the relative number of particles in and out of the field direction, respectively.  
The Preisach distribution was considered as a product of two Gaussian distributions: 
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where Hc, Hi are the coercive and interaction fields, Hc0, Hi0 – the coordinates of the distribution 
maximum, σc and σi – the standard deviations. 

The Preisach distribution is considered not to be constant, a thermal variable variance is 
considered. The increase of the energy barrier height as an effect of the dynamic interactions is taken 
into account: 

0sup,00 cerparastaticcc HmHH ∆+= . 

ierparastaticii m σσσ ∆−= sup,  

     (7) 
 

     (8) 
 

3. Simulations 
 
The results of the simulations using the master equation distributed in the Preisach plane 

whose coordinates are the switching fields (Hα, Hβ) during a magnetization process with constant field 
rate are represented in Fig. 1. In the white zones n+=1 and in the black ones n+=0. We have founded 
the expression of the equivalent time that better fits all our simulations. This equivalent time is given 
by the expression [6]: 

)( tHHt feq ∂∂=       (9) 
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where VPTkH SBf =  is the fluctuation field [11]. 

 

   
a) b) c) 

 
Fig. 1. The Preisach plane during magnetization processes with the field rate r=8 A/m/s (a-c). 
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a) b) 

 
Fig. 2. a) Simulated IRM (open symbols) and DCD (filled symbols) curves for different 
temperatures (T = 10K - squares, T = 15K– triangles, T = 20K - circles); b) Calculated DeltaM  
                                curves with the values of IRM and DCD from figure a). 

 
 

During a magnetization process the critical curves and the positions of the representative 
points are moving in the same time. In our model the magnetization state of a lattice of representative 
points depends on their relative motion. We have made the supposition that the modification of the 
Preisach distribution has a weak influence on the motion of the critical curves, so we didn’ t take into 
account this influence. In our thermal variable variance model the movement of the critical curves was 
taken exactly the same as in the distributed master equation simulations. 

In Fig. 2a are represented the simulated IRM (isothermal remanent magnetization) and DCD 
(DC demagnetization) curves for different values of the temperature. One can observe that the 
magnetization arrive more rapid at the saturation when the temperature increases. The effect of the 
temperature on the deltaM curves ( ))(()(2)( rsMHDCDHIRMHdeltaM +−= ) is the shift of the 

minimum to lower values of the field (see Fig. 2b). The effect in considering the thermal variable 
variance in the model is shown in Fig. 3. When ∆Hc0 increases IRM and DCD curves arrive more 
difficultly at saturation (Fig. 3a). The influence in deltaM curves is shown in Fig. 3b. One can observe 
that the effect of increasing deltaHc0 is a shift to right for the deltaM curves. 
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Fig. 3. a) Simulated IRM (open symbols) and DCD (filled symbols) curves for different values 
of the variable variance parameter (∆Hc0=50 Oe - squares, ∆Hc0=400 Oe – triangles, ∆Hc0=800  
    Oe - circles); b) Calculated deltaM curves with the values of IRM and DCD from figure a). 

 
 

4. Conclusions 
 
A thermal variable variance Preisach-Néel model was developed. The model can explain 

magnetization processes when both interactions and relaxation phenomena are important. IRM, DCD 
and deltaM curves are simulated and the influence of the temperature and of the variable variance was 
discussed. In the actual paper we present only magnetization processes with constant temperature and 
in our following researches we will try to simulate with the same model magnetization processes with 
variable temperature such as FC and ZFC processes. 
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