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Effect of ferric salt of orange peel solid fraction
on photo-oxidation and biodegradability of LDPE films
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Abstract The present study is concerned with accelerat-

ing photo-oxidation and biodegradability of low-density

polyethylene (LDPE) film in the presence of orange peel

solid fraction (OPS), especially its ferric salt (OPSFe).

Orange peel was made free from essential oils and pig-

ments and then turned into a fine powder. The rate of

photo-oxidative degradation of pure LDPE film and the

blend samples, containing OPS/OPSFe at 0–5 wt% in

combination with PE-g-MA as a compatibilizer at 1 wt%

of LDPE, in exposure to artificial sunlight was monitored

by determination of carbonyl index derived from FTIR

spectroscopy and the variations in mechanical properties in

terms of UV-irradiation time. The original and irradiated

samples (300 h) were buried in agricultural soil simulta-

neously and their biodegradation was evaluated by weight

loss measurement, optical microscopy, and also calculation

of carbonyl index derived from FTIR spectroscopy. The

results obtained revealed that OPSFe acts as a significant

accelerator in photo-oxidation and subsequent biodegra-

dation of LDPE in soil enviornment. It is concluded that by

incorporating small amount of Fe3? ions into the polymer

blend, photo-oxidative degradation of LDPE film is much

more developed. Increase in OPSFe loading contributes to

enhance the rate of photo- and biodegradability of LDPE

films.
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Introduction

Polyethylene (PE) is one of the most important com-

modity polymers. The widespread application of poly-

ethylene (PE) such as packaging and agricultural films is

attributed to its inert nature, good mechanical properties,

easy production, and reasonable cost [1, 2]. On the other

hand, high molecular weight ([100,000) and hydrophobic

nature of PE lead to accumulation of its wastes in the

environment. In this respect, many researchers make

extensive attempts to overcome this problem [3–6]. Two

approaches have been investigated to enhance photo- and

biodegradability of PE. One way is to copolymerize the

polymer with small amounts of carbon monoxide or

methyl vinyl ketone, while the other method is to incor-

porate photo-sensitizers into polymer matrix in order to

introduce the photo-sensitive carbonyl groups into the

polymer chain. This could accelerate oxidation process

under the influence of UV rays of sunlight through the

formation of free radicals [7, 8]. The latter approach is the

main issue of our study. There have been extensive

studies on the efficacy of photo-sensitizers such as aro-

matic ketones, transition metal compounds for the appli-

cation in PE blends. Moreover, the use of natural

polymers such as starch and cellulose [9–11], which are

susceptible to microbial attack, in the polymer mixture

can contribute to increase the rate of photo-oxidation by

their gradual degradation in PE. Eventually, these pro-

cesses lead to leaving large hydrophilic substrate that

subsequently biodegrades in combination with further

oxidation [6, 8, 12–14].

In this work, the influence of ferric salt of orange peel

(OPSFe) has been examined on photo- and biodegradation

behavior of LDPE. As far as we know, there is no other

such research in this area.
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