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Abstract
Resonant wave mixing is a promising technology based on employing non-linear waves to intensify heat and mass transfer 
and enhancing dispersion processes in mixed materials. In the present work, for the first time, resonant wave mixing was 
used to prepare film-forming dispersions based on gelatinized maize starch and spherical  TiO2 nanoparticles (0.5–1.5 wt%) 
synthesized by sol–gel technique. Then, nanocomposite films were obtained by solution casting method. The dynamic vis-
coelastic properties, including relaxation spectra of the film-forming dispersions were investigated by oscillatory squeeze 
film rheometry, while the structure of the nanocomposite films was studied by X-ray diffraction, FTIR spectroscopy and 
scanning electron microscopy. The mechanical, water-related and UV-protective properties of the film materials were evalu-
ated. It was shown that nanofiller incorporation enhanced the density of the 3D network structure of a gelatinized starch 
dispersion. The resonant wave treatment favored homogenous dispersion of the  TiO2 nanoparticles in the nanocomposites. All 
nanocomposite film samples displayed higher tensile strength and lower water vapor permeability in comparison with starch 
films without the nanofiller. The obtained nanocomposites possessed UV-protective properties, which could be potentially 
applied to produce biodegradable packaging materials with improved functional characteristics.
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Introduction

Starch is a natural biopolymer produced from renewable 
resources and characterized as an inexpensive, easily avail-
able product conventionally used in food industry as a thick-
ening agent, an emulsifier and a binder. Currently, starch is 
increasingly being used as a film-forming base for different 
eco-friendly and biodegradable film materials. Starch films 
have important practical applications. They can be used in 
food packaging, as pharmaceutical products (wound dressing 

materials, and films as control release matrices), in cosmetic 
applications (masks, cosmetic patches), etc. [1–3].

Starch is a polysaccharide consisting of repeated α-d-
glucopyranose units with hydroxyl groups, which form an 
extensive hydrogen bond network of intra- and intermo-
lecular hydrogen bonds [4]. Starch films due to their abun-
dant biopolymer hydroxyl groups are hydrophilic and, as a 
result, have poor mechanical and water barrier properties. 
An efficient method of producing starch film materials with 
improved mechanical, barrier and thermal characteristics 
and endowed with special functional (particularly, UV-
protective and antimicrobial) properties is filling its matrix 
with functional particles such as polysaccharide (cellulose 
and chitosan nano-whiskers, and starch nanoparticles), car-
bonaceous (carbon nanotubes and graphite oxide), mineral 
(montmorillonite), metal and metal oxide  (TiO2, ZnO, Ag, 
etc.) nanoparticles [5].

TiO2 nanoparticles have a specific place in production 
of nanocomposite films based on polysaccharides.  TiO2 
nanoparticles are inexpensive and environmentally friendly 
materials with complex functionalities, including photo-
catalytic ability, antibacterial and UV-protection properties 
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