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The development of new technologies strongly depends on the design of new materials.
The combination of dissimilar materials opens a wide variety of opportunities to create
composites with novel functions, properties, and applications [1]. Polymers are the most
commonly used matrices due to their low density, simplicity of handling, low cost, and great
potential in technological applications [2]. The addition of micro- and nano-particles not
only provides effective mechanical and thermal stability but also offers new functionalities
such as optical, electrical, electronic, or antiwear properties, among others. These properties
mainly rely on the chemical nature, structure, and size of the fillers [3]. Therefore, the
design of micro- and nano-composites is an increasingly important technology to improve
the properties of polymeric materials with promising applications in different fields, such
as nanotechnology [4], construction [5], aerospace [6], power energy [7], or biomedicine [8].

Rheology provides crucial knowledge regarding the interaction between the differ-
ent phases added to polymeric matrices and the processing of composites. Thus, the
rheological characterization and computational modeling of composites provide critical
information about the compatibility of the different phases and the processing of the fi-
nal material. Moreover, these novel materials demand the development of innovative
processing methods and technologies that can result in novel applications.

One of the main challenges in the preparation of reinforced composites is obtaining
uniformly dispersed fillers in the polymeric matrix. Fillers, especially in the case of nano-
materials, tend to agglomerate with a non-homogeneous distribution, which can act as
defects [9]. This scenario is likely to promote stress concentration with the subsequent
failure of the material [10].

In the case of nano-composites, the most popular techniques of fabrication include
solvent processing, in situ polymerization, and melt blending [11], among others. Additive
manufacturing, generally known as 3D printing, allows the fabrication of customized
specimens with geometric complexity, one of the most widely used 3D printing techniques
being Fused Deposition [12]. The manufacturing process can be a key factor in the final
product. For example, Masarra et al. [13] studied the addition of graphene nanoplatelets
to poly(lactic acid) (PLA) and polycaprolactone (PCL) biopolymers to fabricate electri-
cally conductive nanocomposites. The results showed that the injection-molded samples
were insulators, whereas the 3D-printed samples featuring the same graphene content
were semiconductors.

Rheology is a powerful tool to develop new materials since it responds to the different
conditions that occur in most of the above-mentioned manufacturing processes; for exam-
ple, the flowing conditions during extrusion [14] or the viscoelasticity during interlayer
welding in additive manufacturing [15]. Therefore, exploring the viscoelastic properties
of these new materials is a fast and effective technique to predict processing conditions.
There are extensive examples and applications of how rheological characterization helps
in the design and fabrication of new composites: LDPE modified with layered double
hydroxides with enhanced optical properties [16], PCL scaffolds with gelatin and nano-
hydroxyapatite for biomedical applications [17], the addition of carbon nanophases on
thermoplastic polymers [18], or the optimization of the extrusion of natural rubber/carbon
black nanocomposites [19].
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The addition of wood particles in recycled polyethylene increases the viscoelastic
moduli due to poor compatibility and weak interfacial adhesion between the two phases,
which is a promising result regarding common processing technologies such as extrusion
or injection molding [20].

It was found that designing filaments of graphene-polyamide nanocomposites with
steady shear viscosities of approximately 15% of the maximum printable viscosity for
the desired printing conditions will be advantageous for easy material extrusion process-
ing [21]. Carbon nanophases and other mineral fillers enhance the thermal properties
of elastomeric materials. These micro- and nanocomposites exhibit an increase in flame-
retardant behavior [22].

Self-healing composites exhibit interesting properties such as protection against corro-
sion. For example, the incorporation of an aminosilane into organic polymers using sol-gel
chemistry has been evaluated through thermal, mechanical, and rheological properties [23].
Modified silica nanoparticles are also added to polyamides to modulate the crystallinity of
the polymer, with an improvement in its rheological and mechanical properties [24].

Bionanocomposites are an emerging field of study. PLA is one of the most promising
bioplastics to replace regular plastics. However, its mechanical, thermal, and barrier
properties, among others, should be improved. The addition of nanoparticles by melt
compounding is a widely used technique [25]. The rheological properties of the melt
composites are of great importance to establish the processing conditions [26].

This Special Issue is intended to give an overview of the recent research dealing
with the formulation of polymer-based nano- and micro-composites. These emerging
materials have shown special properties and a wide range of applications. However,
current manufacturing techniques face challenging difficulties to process these materials.
The rheological characterization of composites gives critical information for their design,
modeling, and fabrication.
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