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Abstract
This work aims at modelling and characterizing the kinetics of biodegradation of acrylic acid-grafted polypropylene. Differ-
ent films of acrylic acid-grafted polypropylene were prepared. These films were degraded aerobically during thermophilic 
phase of composting process for measurement of carbon dioxide evolution as per ASTM D 5338. The experimental data were 
analyzed using an eight-parameter Komilis model containing a flat lag phase. The model formulations involved hydrolysis 
of primary solid carbon and its subsequent mineralization. The first step was rate controlling and it included hydrolysis of 
primary slowly, moderately, and readily hydrolyzable carbon fractions in parallel. The model parameters were evaluated by 
means of nonlinear regression technique. The model parameters, undegraded/hydrolyzable/mineralizable carbon evolutions 
and morphology revealed two typical kinetic regimes. The first five films exhibited slow degradation in the first regime 
involving slowly and moderately hydrolyzable carbons. They exhibited low degradability value in the range of 1.5–3.7% in 
45 days. Their degradability decreased with an increase in the slowly hydrolyzable carbon refractory in nature. The remaining 
three films exhibited the second regime involving the moderately and readily hydrolyzable carbons. These showed relatively 
high degradability in the range of 4.7–5.6% in 45 days. The magnitudes of their moderately hydrolyzable carbon fractions 
were substantially higher than those of the first regime. All the eight films showed the absence of growth phase because of 
their small initial readily hydrolyzable carbon fractions. The study shows progressive enhancement in the biodegradation 
of effectively non-biodegradable polypropylene with an increase in degree of acrylic acid grafting. The methods presented 
here can be used for the design and control of other similar systems.
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Introduction

Plastics have become an essential part of our lifestyle and 
plastic production worldwide has exceeded 150 MT per 
year [1, 2]. Synthetic polymeric materials like polypropyl-
ene (PP) are extensively used for packaging applications 
[3]. They are extensively utilized in the packaging industry 
because of their lightweight, cost-effectiveness, mechanical 
integrity, ease of processing, flexibility, and durability [4–6]. 

However, the polymers like PP are not eco-friendly because 
of the lack of hydrophilic nature and absence of functional 
groups. Consequently, their disposal and management at the 
end of their service life are a cause of significant global 
concern [7–9]. These factors have led to the development 
of environmentally degradable polymeric material that can 
degrade under composting [10, 11].

Several studies have been reported on polylactic acid 
(PLA)-based biodegradable composites [12–14]. Another 
possible approach to improve the degradability of plastics 
is the grafting technique [15]. Grafting polymerization is a 
famous technique for the alteration of the physical as well 
as chemical characteristics of polymers [10, 16, 17]. Graft-
ing copolymerization modifies the size, shape, and poly-
meric material structure by various techniques [18], namely, 
γ-radiation [19, 20], chemical means [21], thermal [22], and 
photo irradiation [23]. Out of the above, the γ-radiation is 
one of the most significant techniques because it rapidly 
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