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Abstract
Biodegradable films are used in a variety of applications, including packaging. However, their use is limited due to their 
high moisture and water sensitivity. In this work, cassava starch (CS) was blended with poly(vinyl alcohol) (PVA). Silica 
particles  (SiO2) were incorporated to increase the hydrophobicity of the blend by intermolecular interaction through hydrogen 
bonding between the three components. Instead of a plasticizer or crosslinker, a small amount of triethylamine was added 
to eliminate residual acetate groups in PVA. The miscibility of CS and PVA phases was confirmed by smooth fracture sur-
faces and a single glass transition temperature. When  SiO2 content was below 5% (wt), the particles were well dispersed in 
a continuous phase of polymer matrix. At this loading of  SiO2, the increase in tensile strength was as high as 170% and in 
elongation-at-break, 250%. All loadings of  SiO2 increased thermal stability of the blend films because silanol groups on the 
surface of  SiO2 particles formed effective interfacial interactions with hydroxyl groups of the polymers. These interactions 
also prevented the ingress of water molecules, significantly increasing the hydrophobicity of the films. The water contact 
angle increased as high as 113° and moisture absorbency and water solubility were low. These highly hydrophobic, photo-
degradable, biodegradable CS/PVA/SiO2 films show great potential as a low-cost, eco-friendly material.
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Introduction

The use of petrochemical-based polymers such as polysty-
rene, polypropylene, and polyethylene has grown rapidly but 
the very slow degradation of these synthetic polymers causes 
serious environmental problems due to the build-up of plas-
tic waste. Biodegradable polymers are alternative materials 
that offer a way to reduce plastic waste, achieve a sustainable 
industry, and protect the ecosystem. Biodegradable polymers 
can be synthesized from many renewable resources. Starch, 
cellulose, alginate, chitin, and chitosan, all contain bonds in 
their structures that can be hydrolytically or enzymatically 
broken. These bonds can later undergo biological degrada-
tion by microbes under the appropriate conditions [1].

Among green polymers, starch is the most attractive 
material and its potential to replace synthetic polymers has 

been widely studied. Abundant and inexpensive, starch is 
suitable for mass production. Properties such as transpar-
ency, low oxygen permeability, and lack of odor make starch 
ideal for food packaging film but shortcomings that include 
poor mechanical properties, brittleness, and film-forming 
difficulties, limit its applications. Also, the hydroxyl (–OH) 
groups in the chemical structure of starch films are extremely 
hydrophilic. As a result, starch films are highly sensitive to 
moisture and have poor water barrier properties [2–4]. To 
overcome these problems, hydroxyl functional groups of 
starch were physically or chemically modified using plas-
ticizers such as glycerol, sorbitol, xylitol, and natural oils 
[4–6]. The properties of starch films can also be modified 
by grafting and blending starch with synthetic polymers.

Poly(vinyl alcohol) (PVA) is a synthetic polymer that is 
soluble in water, and therefore biodegradable. PVA is trans-
parent, flexible, and thermally stable. It possesses good film-
forming characteristic with high tensile strength together 
with oxygen barrier properties. It is widely used in medi-
cal and food applications [2, 3, 7]. Although both PVA and 
starch are highly moisture and water sensitive and water 
soluble, the stability and integrity of blend films exposed 
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