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ABSTRACT

A plastic material is any of a wide range of sytither semi-synthetic organic solids that are mabld.
Plastics are typically organic polymers of high emllar mass, but they often contain other subssaiices a white, waxy
polymer constituted of only carbon and hydrogere @irastic rise in the use of non-biodegradabletiplazaterials during
the past decades has not been accompanied bymmndisg development procedure for the safe dispmsdkgradation
of these polymers. This research paper is maingluening the oxo-degradable response of a polyetigyfilm sample
containing pro-degradant additive by means of ssgige accelerated UV and thermal ageing. The esiithe successive
accelerated UV and thermal ageing test demonsthnatethe film sample containing thewd pro-degradant additive has
undergone significant degradation. The film sangoletaining the additive demonstrates a large changarbonyl optical
density measurement at the conclusion of the Egtife 1). These results are consistent with tine ample containing

the pro-degradant additive being in an advancead sfedegradation.

The sample containing additive reached a carbopgical density value of 0.0361 after 528 hours agei
(inclusive of 48 hours UV pre-ageing). This regalconsistent with inclusion of additive promotidggradation in the
film sample. This conclusion is confirmed by obsgion: at the end of the ageing tests the oxo-lgjcatiable film sample
show signs of breakdown (Figure 1). The film comiag the additive demonstrated no significant iasein carbonyl
optical density measurement at the conclusion eftéist (Figure 2). This result is consistent witd film sample having
undergone no significant degradation. The abseficegradation of the film sample confirms that fi@yethylene is
intrinsically stable to thermal ageing. This is sistent with the product having a usable fit forgmse shelf-life in
storage conditions away from prolonged exposurdJYo light and at an average temperature not excege@orC.

These results are confirmed by observation. Aetiek of the test the sample remains intact.
KEYWORDS: Additives, Degradation, Plastics, Thermal AgeingirdJViolet

INTRODUCTION

Plastics were first invented in 1860, but have dirégn widely used in the last 30 years. The woadtjd comes
from the Greek word “plastikos”, which means ‘alife be moulded into different shapes’. Plastics aseally
high-molecular-weight polymers that at some stagtheir existence are capable of flow, but may &ksdrought into a
non-fluid form in which they have sufficient tougtss and strength to be useful in self-supportinglieations.
It is a white, waxy polymer constituted of only lban and hydrogen. Polyethylene also known as pojjete or
polythene was the first of the polymers to be disted. Plastics are synthetic organic polymers it for just over a

century.
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The material has become an essential part of moglagryday life due to its versatility and propestisuch as
low cost, adjustable transparency, light weightrajth and high durability. Plastics are made ufpied chain molecules
called polymers. Polymers are made when naturaityiwing substances such as coal, natural gasibatedransformed
into other substances with completely differentgemies. These polymers can then be made into snpowders and
liquids, becoming the raw materials for plastic qurots. Polyethene is a plastic. It is a polymerdpoed by reacting
oxygen and ethane, in this reaction the small ethanlecules attach together to form long chain pely molecules.
This process is known as addition polymerizatidicah also be produced through radical polymenratanionic addition

polymerization, ion coordination polymerizationaationic addition polymerization.

Polyethene is manufactured by cracking/decompogetmpleum distillates into small, reactive ethandenules
that can be rearranged. Ethene molecules polymgrilg chains of Polyethene, chains that are kkyse to each other

by weak bonds to form a material, comparable Withftbers of a felt.
Biodegradation of Plastics

Biodegradation is the chemical dissolution of materby bacteria or by other biological means. R#ge
biodegradable plastics are of great interest. Bjoat#ation takes place by the action of enzymesnata degradation
with living organisms. This takes place in two stefhe first step is the fragmentation of the pdaysninto lower
molecular mass species by means of abiotic reagtlidwe oxidation, photo degradation or hydrolysis biotic reactions,
like degradations by microorganisms. This step dbowed by the bio-assimilation of polymer fragmerby the
microorganisms and their mineralisation. Biodeghalitg depends not only on the origin of the polymalso on its

chemical structure and the environmental degradamglitions.

The factors, on which the mechanical nature of éjpddable materials depends on, are their chemical
composition, production, storage and processingacheristics, their ageing and the application dioms’. Degradable
plastic is the one in which the degradation resuitsn the action of naturally occurring microorgemis such as bacteria,
fungi, and algae. Biodegradable plastics must lgjoatie in specific environments such as soil, compms marine

environments The biodegradable bags are made of polymersitgaade when exposed to sunlight, water dr air

EXPERIMENTAL PROCEDURE

Successive Accelerated UV and Thermal Ageing

This method involves subjecting the substrate ttd&s accelerated UV pre-ageing before acceletatdhal
ageing and monitoring degradation via changesarcrbonyl optical density as determined by FTHBufier Transform

Infra Red) spectroscopy.
Thermal Ageing

The method involves subjecting the substrate telacated thermal ageing and monitoring degradatiarthanges in

the carbonyl optical density as determined by FT{HBurier Transform Infra Red) spectroscopy.

TEST METHODOLOGY

Accelerated Fluorescent UV Ageing

The sample was placed in a sample holder, in whih film is sandwiched between two metal plates
(35 x 90 mm) with four exposure windows, and expageultraviolet radiation in a Q Panel QUV/se tagparatus fitted

with UVA 340 lamps, in general accordance with ASTDB208. A black panel temperature of 50°C was used
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conjunction with a humid environment. The irradiard the lamps was 0.78 Wimm. The test sample with the additive

was withdrawn every 48 hours and its carbonyl @ptiensity determined by FT-IR spectroscopy.

Accelerated Thermal Ageing

Thermal ageing of the sample was carried out ineamkhert UFE 600 fan assisted oven at a temperafure o
70°C in general accordance with ASTM D5510 ProcedrForced Ventilation Oven. The test sample i additive

was withdrawn every 96 hours and its carbonyl @biiensity determined by FT-IR spectroscopy.

Carbonyl Optical Density Measurement

The carbonyl optical density\{ 713 cn') of the sample was determined by FT-IR spectrog@ogransmission

mode using a Thermo Electron Nicolett FT-IR insteun

The optical density is defined by the magnitudetra carbonyl peak at 1713 ¢ndivided by the sample thickness.

Four optical density measurements were taken &t tdae point and an average determined.

Measuring changes in carbonyl optical density is@ful technique for monitoring the rate of degteataof the
sample. Carbonyl species (aldehydes, ketones, xdibacids etc.) are reaction by-products of tkk@ative degradation

process and as such their accumulation is indieativongoing degradation.

XRF Spectroscopy

The anticipated presence of the pro-degradant ieedih each sample was confirmed by energy-dispersi
X-ray florescence (ED-XRF) spectroscopy using akBruS2 Ranger A20-X10 bench top spectrometer agegfarence
samples produced by Symphony.

The XRF spectrum of each sample was determined iovar 120 s with 40.00 kV, 250 mA X-ray sourcedan
500.0 pm aluminum filter. Samples of film were pasgd in 38 mm diameter HDPE XRF sample cups anddts
thickness made up to ~200 um with 36 pm discsroat the sample using a James Heal 230/10 sampik.cut

RESULTS
Successive Accelerated UV and Thermal Ageing
Table 1: Accelerated Successive UV and Thermal Agej

A Carbonyl Optical Density

Sample QUV Ageing Thermal Ageing

OHrs | 48Hrs | 144 Hrs | 240 Hrs | 336 Hrs | 432 Hrs | 528 Hrs
L/LET/01) Film with additive | 0.000, 0.000L 0.0080 0044 0.0188 0.0266 0.0361

ACarbomd Opteal Densty

Figure 1: Successive Accelerated UV and Thermal Age
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Accelerated Thermal Ageing
Table 2: Accelerated Thermal Ageing

A Carbonyl Optical Density
Sample 0 Hrs |96 Hrs|192 Hrs|288 Hrs|384 Hrs|480 Hrs|576 Hrs
L/LET/01)Film with additive] 0.0000{ 0.0000] 0.0000| 0.000d 0.0000 0.0000 0.0000

ACarbonyl Optical Density
@
B
a
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Ageing Time (Hours at 70°C)

—t==L/LET/D) Fim with additve

Figure 2: Accelerated Thermal Ageing

DISCUSSIONS

Degradation - Successive Accelerated UV and Thermalgeing

The results of the successive accelerated UV agminél ageing test demonstrate that the film samphtaining

the pro-degradant additive has undergone signifidagradation.

The film sample containing the additive demonstadarge change in carbonyl optical density measant at
the conclusion of the test (Figure 1). These resait consistent with the film sample containing ghro-degradant

additive being in an advanced state of degradation.

The sample containing @ reached a carbonyl optical density value of 0103Bter 528 hours ageing
(inclusive of 48 hours UV pre-ageing). This redaltonsistent with inclusion of,é promoting degradation in the film

sample.

This conclusion is confirmed by observation: at #mel of the ageing tests the oxo-biodegradable diimple

show signs of breakdown.
Shelf life — Accelerated Thermal Ageing

The film containing the additive demonstrated mgmgicant increase in carbonyl optical density meament at
the conclusion of the test (Figure 2). This ressiliconsistent with the film sample having undergamme significant
degradation. The absence of degradation of theddmple confirms that the polyethylene is intrinflicstable to thermal
ageing. This is consistent with the product havingseable fit for purpose shelf-life in storagedittons away from

prolonged exposure to UV light and at an averaggé&rature not exceeding 30°C.
These results are confirmed by observation. Aetigk of the test the sample remains intact.
CONCLUSIONS

Plastics wastes accumulate in the environment ang@ an ever increasing ecological threat. Thetmos

problematic plastic in this regard is probably mohylene, which is one of the most inert synthptitymers and being
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resistant to microbial attack. It is evident foe tegradation of polythene films in the naturaliemment is slow and

therefore, posses a serious environmental conéengw generation of environmental friendly polyddne containing a

minimum of 9% starch and pro-oxident additives highly recommended for use since their degradaitionatural

environment is much fastér

Hence it is proved that the usage of plasticsfisrses it can be degraded in the soil. The resumésconfirmed by

the weight, tensile strength and decrease in vigcas some cases, molecular weight distributiomd afragility.

The HDPE plastics are showing resistance to saitlitions than LDPE. This research is useful for ékaluation of the

oxo-degradable response of a polyethylene film $angontaining pro-degradant additive by means afcessive

accelerated UV and thermal ageing.
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