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Abstract: Biodegradable starch/poly (vinyl alcohol)/nano-titanium dioxide (ST/PVA/nano-TiO2) nanocomposite films

were prepared via a solution casting method. Their biodegradability, mechanical properties, and thermal properties were

also studied in this paper. A general full factorial experimental approach was used to determine effective parameters on

the mechanical properties of the prepared films. ST/PVA/TiO2 nanocomposites were characterized by scanning electron

microscopy (SEM) and X-ray diffraction (XRD). The results of mechanical analysis show that ST/PVA films with higher

contents of PVA have much better mechanical properties. In thermal analysis, it is found that the addition of TiO2

nanoparticles improves the thermal stability of the films. SEM micrographs, taken from the fracture surface of samples,

illustrate that the addition of PVA makes the film softer and more flexible. The results of soil burial biodegradation

indicate that the biodegradability of ST/PVA/TiO2 films strongly depends on the starch proportion in the film matrix.

The degradation rate is increased by the addition of starch in the films.
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1. Introduction

Plastic wastes are an undesired pollutant in our en-

vironment. Because of their resistance to microbial at-

tack, they tend to accumulate in the natural environment

[1]. Nowadays, biodegradable films have been regarded as

the more environmentally friendly materials to replace the

conventional nonbiodegradable polymers. Among biopoly-

mers, starch has received considerable attention in many

applications because of its biodegradability, availability,

and low cost. Starch is not a real thermoplastic, but, in

the presence of plasticizers, high temperature, and shear-

ing, it melts and fluidizes, enabling its use in injection,

extrusion, and blowing equipment, such as that for the

synthetic plastics [2]. The poor mechanical properties and

hydrophilic nature of starch prevent its use in widespread

applications [3]. Blending with other biodegradable syn-

thetic polymers, such as poly (vinyl alcohol) (PVA), is a

common method to improve the properties of starch prod-

ucts. Jayasekara et al. [4] blended PVA with starch and

glycerol to form polymer films. They modified the film

surface by treatment with chitosan. Zhai et al. [5] showed

that the properties of starch-based plastic sheets, such as

flexibility and wet strength were improved by incorporat-

ing PVA into the film under the action of ionizing radia-

tion. Ray et al. [6] characterized starch/PVA films for their

physicomechanical and morphological properties. Zhou et

al. [7] found that the surface modification of thermoplastic

starch (TPS)/PVA films reduced the surface hydrophilic

character and enhanced their water resistance.

PVA has the excellent film forming, emulsifying, and

adhesive properties, it may be the only synthesized poly-

mer which is absolutely biodegradable, and its backbone is
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