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We performed simulations of magnetization curves in field, remnant and aso with variable
temperature. The simulations were done using a Preisach-Néel model for nanoparticulate
media. The model includes the reversible and the irreversible part of the magnetization. There
are taken into account the variations of the Preisach distribution due to the mean field and to
the thermals effects as well as the movements of the therma boundary in processes with
variable field and temperature. Because the identification problem is a very important point in
our simulations, the study of the model sensihbility to the parameters can alow for choosing a
better identification procedure. In the paper the variation of the magnetization curves with
parameters val ues is analyzed.
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1. Introduction

The Preisach-Néd type modds are efficient tools for studying magnetic properties of
nanoparticles assemblies. The modd s ind ude both the irreversible and the thermal effects, belng thus
capable to describe a large diversity of fidd dependent magnetization processes such as first
magnetization (FM), magor hysterezis loop (MHL), isothermal remnant magnetization (IRM), DC
demagnetization (DCD), rel axation processes or phenomena with variabl e temperature as fid d-cooled
(FC) and zero-fidd-cooled (ZFC) [1-4]. We have developed a redlistic Preisach-Néd model that
includes a non-linear energy barrier expression, able to describe the previous mentioned
magneti zation processes with the same set of parameters, for alarge sca e of fields and temperatures
[5, 6]. In order to fit experimental data, an important problem consists in the indentification of the
model parameters. The god of this paper is to anayze the sensibility of the simulated curves to
different parameter sets which will be useful for improving the identification strategy.

2. Model and simulations results

For our Preisach-Néel type modd we have considered an assembly of uniaxial single-domain
particles distributed in the Preisach plane The magnetic response of each particle is considered to be
in accordance with the Stoner-Wohlfarth model [7]. The starting point of the model is presented in [5]
and [6]. A nonlinear expression of the energy barrier was used on the bases of the energy interpolation
expression [8]:
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and H isthe applied fid d; Hk the anisotropy fidd, H. the critica fidd, v — the particle’ s volume, Ps—
the particl€ s polarisation. This expression alow us to describe the dependence of the magnetization
processes as function of the angl e between the applied fidd and the particl e easy axis.

In our modd a grill of 100 x 100 representative points corresponding to the same magnetic
moment is considered, in order to describethe full Preisach distribution. The modd takes into account
the movement of the critical lines in fidd- and time-depdendnet magnetization processes as it was
found using the numerical solution of the master equation distributed in the Preisach plane [5, 6]. The
Preisach distribution is usualy not stable during a magnetizati on process of the most known magnetic
media. Similar with [9] a shift of the Preisach distribution along the coercivity axisis considered as an
effect of the dynamic i nteractions between the superparamagnetic particles:

HcO = Hoo,staiic + mspAH c0 (3)

where my, represents the superparamagnetic fraction of the magnetic moment, Heogaic the most
probable coercive field at low temperature, and 4AHy, is a parameter proportional with the dynamic
interactions strength.

The dynamic interactions determine a change of the interaction fidd distribution variance
Similarly with the Variable Variance Preisach Model [10], for the static case, our Presach-Néd
mode considers atemperature dependent variance of the interaction fidd distribution:

0, =My o +(1- My ) 7, (@)

where g s, and ¢ are the values of the interaction field variance, when all the system’s particle are
in the superparamagnetic and, respectively, in the blocked state. This will be referred as Therma
Variable Variance (TVV) Preisach-Néd Modd. The spontaneous polarization of the particles is
consdered asin [4]:
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A main fidd interaction field can be also considered in our model. With our modd equipped
with these entire dependences, one can simulae the fidd-, time- and temperature-dependent
magneti zati on processes for a wide range of values time, magnetic field and temperature. Simulations
of the IRM, DCD, MHL, ZFC curves were made for different values of the modd parameters. Dueto
the large number of modd’s parameters some problemes are expected to occur and one need to
identify the effect of each parameter on the fina result.

One observes that all the curves are very sensitive to the direction of the applied field relative
to particles easy axis (see Figs. 1 and 2). On the MHL plots the increase of the angle ¢ leads to a
decrease of the cyc e rectangul arity. The maximum of ZFC curves grows up with the angle increasing.
This effect is more pronounced for small values of (. In the same time, as the angle ¢ increases, for
values between 0° and 45° the maximum of ZFC curves shifts toward higher temperatures and for
values larger than 45° the maximum of ZFC curves shifts back to lower temperatures. Unlike the
Preisach-Néd models with non-linear energy barriers, the modds with linear energy barriers are not
able to take into account the easy axis orientation dependence, fact that makes difficult, if not
impossible, the data fitting process.
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Fig. 1. Simulated MHL plots for different values of Fig. 2. Simulated ZFC plots for different values of the
the angle between the applied field and the particle angle between the epplied field and the particle easy
easy axis. axis.

The most probable value of the coercive field dso influences the simulated curves of all
above mentioned magnetization processes. For MHL and DCD the effect is a modification of the
cyde s width. For FM and IRM a higher most probable coercive fidd drives to a higher saturation
fidd. On the ZFC curves the increase of Heogaic Shifts the maximum toward higher values and
decreases their maximum value.

The variance of the coercive fidd influences the rectangularity of the MHL loop and the
remanent saturation moment and fied for IRM and DCD. The shape of the ZFC curves is aso
influenced by this parameter.

An interesting influence on FC and ZFC curves has the value of the magnetic moment of the
particles vPs. This parameter induces only a modification in the temperature scale of the two curves.
The maximum val ue of the ZFC and the value of FC at 0 K are not modified by this parameter, as
observed from the data presented in Fig. 3. The interaction field variance can produce modifications
of the FC value at 0 K (see Fig. 4). For high va ues the FC curves can even have a maximum. Asthe
dynamic interactions drive to a change in the interaction variance, it will also have an effect on the
ZFC curves, asit is shown in Fig. 5. But the magnetization curves at constant temperature are al most
unaffected by this parameter.

ZFC curves are very sensitive to all the tested parameters excepting 4H., which have a weak
influence in dl the studied curves (the strongest influence appears upon the remnant curves
(seeFig. 6)).
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Fig. 3. Smulated ZFC plotsfor different values of Fig. 4. Smulated ZFC plots for different values of
the parti cle magnetic moment. the blocked state interaction field variance and

the same ratio between the blocked and super -
paramagneti ¢ interaction field variances.
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Fig. 5. Simulated ZFC plots for different values of the
superparamagnetic interaction field variance.

3. Conclusions
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Fig. 6. Smulated DCD plots for different values

of AH.

The model presented in this paper is able to simulate various magnetization curves in a wide

range of fields and temperatures, using the same set of parameters. In order to obtain the values of the
parameters, which describe the magnetic behaviour of anindividud sampleit isimportant to correlate
these va ues with the characteristics of the experimental curves. To this purpose we have studied the
influence of all modd’s parameters on the simulated curves. One of the most important parameter that
influences all the simulated curves is the angle between the applied fid d and the partid e easy axis, .
This parameter appears only in the Preisach-Néd modd with non-linear energy barriers and seemsto
be essential for good fitting of the experimental data. The next step in our researches is to develop a
parameter identifi cation procedure for the described modd. The results of the study of the influence
of each parameter will enable us to optimize the fit procedure.
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