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Abstract. This paper presents the results of a new investigation of the rheological properties of
a nanocomposite of superparamagnetic iron oxide nanoparticles (SPIONs) with polyethylene glycol
(PEG). The surface of the nanocomposite had no electrical charge and the SPIONs were coated with
the polymer. The investigations were performed at different temperatures and the results were
compared on different rheological parameters. The steady-state behavior of samples was observed at
20 °C and 40 °C and a small increase of viscosity versus shear strain, shear rate or time was revealed
at 60 °C. Moreover, the shear stress increase was observed with the increase of shear rate and shear
strain. The slopes of the corresponding changes were higher at 20 °C and decreased with the increase
in temperature. The torque values increased with shear strain and time. The same phenomenon
concerning the different slopes at different temperatures was observed for the torque-shear strain and
torque-time variations. These results showed that the rheological properties of the nanocomposite
depended on the temperature and could change with the temperature increase. An advantage of this
study was that the comparative investigation of the rheological properties of nanocomposite at
different temperatures was carried out. The other advantage was that the effect of the coating of the
SPIONs with the polymer was observed in the obtained results. This new investigation of the
nanaocomposite of SPIONs-PEG coated with PEG can provide comparative data for more
investigations of the surface charged SPIONs coated with this polymer. These studies can provide
information for a further investigation of the effect of the surface charge of SPIONs in the polymeric
matrix on their rheological properties.
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Introduction

Nanomaterials have gained importance in recent years concerning their rheological properties.
These materials are investigated at different levels: viscous nature and solid-like behavior corresponding
to their low filler loading and high concentration [1-3]. Their rheological properties determine
processing performance for the preparation of these materials or their composites. When a few percent
of these materials are increased, their rheological properties can be modified due to weight change.
Polymer composites are materials made of one or several nanocomposites with polymers. The
rheological properties of these materials can be studied by computer modeling and simulation. In such
an investigation, the mechanisms at the molecular level are explored to improve the dispersion of
nanoparticles in matrices. Moreover, such a study can provide information on the effects of
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nanoparticles on the samples' chain conformation and glass transition temperature as well as their
viscoelastic properties [4, 5].

The molecular weight of the selected polymer matrix and the presence of branched structures can
affect their rheological properties [6—8]. These materials can show different behaviors depending on their
values of shear rate. Increasing the nanomaterials loading in the polymeric matrix at low shear rate values
can lead to the stiffening of polymer chains and agglomeration as well as the increase in the viscosity of
nanocomposites [9-12]. This phenomenon can be due to the confinement of the polymer chains with the
embedded nanofiller. However, the differences between nanocomposites and corresponding matrices
become less evident at high shear rates. This can correspond to the shear thinning behavior, the wall slip
phenomenon, and the unaffected material viscosity after the change in the nanomaterial content. For the
nanocomposites with high molar mass and low melt flow index, the viscosity values can decrease in the high
shear rate region and the nanocomposites containing low amounts of nanomaterials can show lower viscosity
values in comparison with the unfilled matrix. This can be due to the higher viscosity of the polymeric matrix
when shear stress is high and the nanocomposite shows low flow resistance. A variety of nanofillers with
different properties due to their difference in chemical nature, shape, and morphology has been prepared and
investigated in recent years. Among these materials are several kinds of nanoparticles such as metals,
ceramics, or carbon-based fillers, embedded in thermoplastic or thermoset matrices, to prepare high-
performing nanomaterials [13-18].

Nanosized fillers have large surface arcas that make polymer nanocomposites better materials than
other composites with microsized fillers. It is worth noting that well-dispelled states are required in order to
maximize these enhancements [19]. Intercalation of polymers from solution, iz sifu intercalation, or melt
intercalation are the common methods used for improving the quality of filler dispersions in these
nanocomposites [20-22]. Also, the use of compatibilizers [23-25], nanofiller surface treatments [26-28] or
the application of an electric field to clay nanocomposites [29-31] can improve the quality of filler
dispersions.

In previous work, we reported the viscosity values of a nanocomposite of bare superparamagnetic iron
oxide nanoparticles (SPIONs) with polyethylene glycol (PEG) [32]. The current paper is the pursuit of that
investigation including more results on the rheological properties of the nanocomposite with SPIONs coated
with the polymer.

The investigation on the rheological properties of the nanocomposite of SPIONs-PEG coated with the
polymer has not been reported, yet. The results of this paper can be used for the preparation improvement
and applications of this nanocomposite in materials science and engineering.

Experimental approach

Materials and methods.

PEG with a molecular weight of 8000 was purchased from Sigma Aldrich. SPIONs were prepared as
explained previously [32]. The nanocomposite of SPIONs-PEG coated with the polymer was prepared as
explained in the previous publication [32].

The QtiPlot software was used for the determination of parameters such as mean values, standard
deviations, and statistical significance, and the graphs were plotted with this software [33-35].

Results and discussion

Fig. 1 shows the viscosity variations of SPIONs-PEG coated with the polymer versus shear rate at
20 °C, 40 °C, and 60 °C.

As shown in Fig. 1, the viscosity of the nanocomposite of SPIONs-PEG coated with PEG was constant
with shear rate at 20 °C and 40 °C and showed a small increase at 60 °C. As expected, the viscosity values
decreased with the increase in temperature.
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