
ORIGINAL PAPER

Effects of plasticizer/cross-linker on the mechanical and thermal
properties of starch/PVA blends
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Abstract Biodegradable blends of potato starch and

polyvinyl alcohol were prepared by solution casting

method. Citric acid was employed to introduce the plasti-

cizing effect into the starch materials. Glutaraldehyde as

cross-linker was used to enhance the properties of the blend

films. Cross-linking is a common method to improve the

strength and stability of starch products. The effects of

citric acid and glutaraldehyde on the mechanical proper-

ties, thermal properties and swelling degree were investi-

gated. The prepared films were measured for their

antibacterial activities and biodegradability. The blend

samples were characterized by the thermogravimetric

analysis (TGA), scanning electron microscopy (SEM) and

FTIR analysis techniques. From the mechanical properties

study, it was analyzed that the blend films showed

improvement in their tensile strength after cross-linking

with glutaraldehyde. The SEM micrographs indicated that

the blend films were smooth without any cracks, pores and

were well cross-linked. The TGA curves showed that there

was an increase in the thermal stability of the blend films

after cross-linking as compared to uncross-linked blend

films. The prepared films showed good antibacterial prop-

erties against Gam-positive and Gram-negative bacteria.

The biodegradability of the blends was determined by

placing the samples in compost soil for different time

intervals and were found to be biodegradable in nature.
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Introduction

The regular use of petrochemical-based plastics and eco-

logical concern has increased interest in the utilization of

biodegradable alternatives that can be obtained from

renewable sources [1, 2]. Biodegradable polymers that can

be derived from natural resources such as starch, cellulose

and protein are very interesting substitutes for non-biode-

gradable petroleum-based polymers. The starch has been

incorporated into different extents of plastics to produce

biodegradable alternatives to petroleum-based plastics due

to its abundance, low cost and biodegradable nature that

suits many applications at the industrial level [3–6].

Potato starch the most abundant polysaccharides, a well-

known biodegradable polymer, is produced by plants in

granular form that contains amylose (a linear polysaccha-

ride) and amylopectin (a highly branched polysaccharide)

units. Starch exhibits several disadvantages due to its

brittleness, strong hydrophilic character, poor mechanical

properties and processability compared to most synthetic

petroleum-based polymers that prevent its utilization in

widespread applications [7–9]. Lately, various efforts have

been constructed to overcome these shortcomings of starch.

One of the methods involves blending of starch with bio-

degradable synthetic polymers. Polyvinyl alcohol (PVA)

possesses various properties, such as optical and physical

properties, chemical resistance, water solubility, biocom-

patibility and excellent mechanical properties. PVA is

blended with starch as it offers a stable supporting medium

for biodegradable film formation [10–12]. The addition of

PVA to starch does not improve its physical attributes

because of the poor compatibility between PVA and starch.

Therefore, the mechanical properties and water resistance

of the starch/PVA blends need to be amended. To over-

come these shortcomings, certain modification techniques
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