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ACOUSTIC RELAXATION AND VISCOELASTIC PROPERTIES OF PVC NANOCOMPOSITES WITH
DIFFERENT METAL PHASE COMPOSITIONS

Dashyan O.P., Master’s degree candidate

Levchuk V.V., Associate Professor, Department of Physics, Astronomy, and Teaching Methods

Rivne State University of Humanities, Rivne, Ukraine

The development of polymer nanocomposites with specified physical and mechanical properties is one of the
most pressing areas of modern materials science, as it paves the way for the creation of materials with predictable
performance characteristics. Of particular scientific and practical interest is the modification of polymers, specifically
polyvinyl chloride (PVC), with nanodispersed metals. This approach allows for significant changes in the dynamic,
relaxation, and acoustic properties of the system at relatively low loading levels due to the formation of a developed
interfacial surface [1].

Composite systems based on industrial PVC, filled with nanodispersed metal particles of various chemical
natures (Cu, Ni, Fe) with a volume content in the range of 0—1.5 vol.%, were investigated. The choice of metals was
determined by differences in their surface energy, electronic structure, and ability for donor-acceptor interaction with
the polar groups of PVC. The acoustic and viscoelastic properties were studied using the pulse ultrasound method at a
frequency of 0.4 MHz in the temperature range of 293—-373 K, which covers the glass transition temperature (Tg) of
PVC. Analysis of volumetric, shear, and longitudinal deformations was performed within the framework of the
Maxwell-Frenkel phenomenological approach, which allowed for the separation of contributions from elastic and
viscous components.

It has been established that the acoustic properties of composites (sound velocity, absorption coefficient, acoustic
impedance) depend significantly on the scale of the structural elements involved in the relaxation process, as well as on
the physicochemical parameters of the nanofiller surface. The presence of a metallic phase initiates the formation of a
polymer boundary layer (BL) with modified packing density, dissipative capacity, and increased free volume fraction. It
has been shown that the different nature of metal nanoparticles determines the degree of their adhesive interaction with
PVC macromolecules. The energetic (change in the activation energy of relaxation processes) and entropic (change in
chain flexibility) effects of the BL on the macroscopic properties of the system are decisive [2].

A key result is the demonstration that the most pronounced changes in the thermodynamic and viscoelastic
characteristics of the composite occur at low filler concentrations (in the range of 0.05-0.10 vol.%). It is at these values
that a percolation transition occurs, during which most of the polymer matrix transitions to the boundary layer state, and
its volume fraction reaches saturation. A further increase in filler content leads to agglomeration of nanoparticles and a
decrease in the effectiveness of modification. The introduction of nanometals allows for the modulation of the tangent
of the mechanical loss angle (tan §), the maximum of which shifts with temperature and intensity depending on the type
of metal.

A correlation has been found between the surface energy of the filler and the complex moduli of shear (G’) and
bulk (K') elasticity. It was determined that the chemical nature of the metal influences the Maxwell relaxation time and
the monomer friction coefficient, which are sensitive indicators of structural changes in the nanocomposite. The
dissipation of ultrasonic vibration energy in such systems is caused by two main factors: intense stress relaxation at the
«polymer—filler» interface and the emergence of topological effects (formation of local physical lattices). The relaxation
time spectra of polymer systems were calculated, and the resonant and maximum frequencies of structural element
vibrations responsible for local (group) and segmental mobility in the range 0<T<Tg+10 K were determined. It is
shown that Cu nanoparticles cause a shift of the spectrum toward shorter relaxation times compared to Fe and Ni.

The nature of the metallic phase serves as an effective tool for controlled influence on structural relaxation in
PVC-based nanocomposites. The interaction of polyvinyl chloride macromolecules with nanoparticles of various metals
allows for the targeted regulation of the composite’s frequency spectrum, acoustic energy dissipation processes, and the
material’s viscoelastic moduli. This opens up new avenues for the creation of impact-resistant, sound-absorbing, and
damping polymer systems with a predetermined response to dynamic loading.
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