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 المستخلص

حهىد انبُئت ببنبلاسخُك يسأنت يقهقت نهغبَت حُذ أٌ اَخبس انعبنى اٌِ يٍ  يسأنت

يهُىٌ طٍ. وانعذَذ يٍ انًُخضبث انبلاسخُكُت يٍ انصعب صًعهب ويٍ رى  044انبلاسخُك حىانٍ 

% فقظ. انًىاد انبلاسخُكُت ححخبس 9إعبدة حذوَزهب، فُسبت انبلاسخُك يعبد انخذوَز لا حشَذ عٍ 

انبىنٍ اَزهٍُ انًبدة انبلاسخُكُت  ىَهت فٍ انخزبت حخً حخحهم قذ حصم إنً يبئت عبو.نفخزة سيُُت ط

ً َسبت نخىاصهب وسهىنت حصُُعهب. وانًُخش انزئُسٍ نهبىنٍ اَزهٍُ هى الأكُبص  الأكزز اسخخذايب

 انخٍ يٍ انصعب صًعهب بعذ الاسخخذاو وبذنك هى انًهىد انبلاسخُكٍ انزئُسٍ نهبُئت.

حىد صبرَت لاَضبد طزَقت حؤدٌ نخحهم انبلاسخُك وببلأخص الأكُبص. نعذة عقىد انب

سهكج الأبحبد يسبرٍَ انًسبر انكًُُبئٍ وانًسبر انبُىنىصٍ، بم كبَج هُبنك صهىد لاسخبذال 

انبىنٍ اَزهٍُ بًبدة أخزي سههت انخحهم. رًزة هذِ الأبحبد بئضبفت كًُت قهُهت نًهح عضىٌ لأحذ 

نخحهم انبىنٍ اَزهٍُ فٍ فخزة سيُُت قصُزة)عذد يٍ انشهىر(. أكزز  انفهشاث الاَخقبنُت َؤدٌ

انًعبدٌ فبعهُت كبَج انًُضُُش وانكىببنج، هُبنك انعذَذ يٍ انًىاد طزحج لأداء هذِ انًهًت يًب 

لاخخببر وانخأكذ يٍ يلاءيخهب عُذ   BS 8472و   ASTM D6954حذي ببصذار انًىاصفخٍُ 

 عًهُت إعبدة انخذوَز إٌ حى حُفُذهب. يلايست الأطعًت وألا حؤرز عهً
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Abstract 

Plastic pollution of the environment is a serious since the plastics 

production worldwide now is about 400 million tons. Many items of 

plastics products cannot be collected in order to recycle. The recycled 

plastics is less than 9%. It takes very long time degrades in the soil about 

one hundred year. Polyethylene is the most widely used plastic in the 

world. The major product of polyethylene is the films which is difficult 

collect after being used therefore it is a major pollutant to the 

environment. 

For many decades the scientists are searching for method to 

degrade specially PE films. The researches are carried into chemical and 

biological routes and some other researches to replace PE with another 

plastic that degrade easily in nature. The fruit of these researches is to 

add small amount of transitional metal organic salt can lead to the 

degradation of PE in a short time. The most effective metals found are 

manganese and cobalt. Many materials has been introduced in this field. 

To judge upon suitability of these products ASTM D6954 and BS 8472 

are issued. It verify that the product is suitable for food contact and does 

not affect the recycling if carried. 
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1.1. Introduction:  

Plastics in general and plastic films in particular have experienced 

considerable growth. This industry has approximately doubled in the decade 

spanning the 1960. 

A number of film types of manufactured, and this variety is continually 

increasing, particularly in the co-extrusion area [1]. 

The past several years have seen numerous plastic films developed for the 

packaging industry, the most used to day being polyethylene.  

In the early sixties polypropylene was introduced initially as a cast film (the 

film are extruded through a die onto a chill roll) [2]. 

1.1.1 Applications  

Plastic films are used in a wide variety of applications. These include: 

packaging, plastic bags, labels, landscaping, electrical fabrication, photographic 

film, film stock for movies, video tape, etc. And soft goods to uses in agriculture, 

construction, and industrial applications. 

Polyethylene  film occupies a dominant portion of the plastic film market, 

accounting for as much volume as all other film types combined. These 

thermoplastic materials find a variety of end uses, ranging from packaging 

materials for foods.  

 
1.1.2 Plastics are ubiquitous 

Plastics are inexpensive and durable, and as a result levels of plastic 

production by humans are high. However, the chemical structure of most plastics 

renders them resistant to many natural processes of degradation and as a result 

they are slow to degrade. Together, these two factors have led to a high 

prominence of plastic pollution in the environment. Plastics that act as pollutants 

are categorized into micro-, meso-, or macro debris, based on size [3].  

Into any supermarket, we see plastic. Not just carrier-bags, but almost 

everything is wrapped or bottled in plastic – from frozen peas to fresh potatoes – 

https://en.wikipedia.org/wiki/Environmental_degradation
https://en.wikipedia.org/wiki/Pollution
https://en.wikipedia.org/wiki/Pollutant
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from sandwiches to milk – televisions and even ironing boards. At the back of 

store there are acres of shrink-wrap, pallet-wrap and bubble-wrap used to deliver 

goods in bulk. Because plastic is in most cases the best and most cost-effective 

way to protect goods from damage, contamination and wastage. 

1.2. Statement of Problem 

Plastic pollution can afflict land, waterways and oceans. It is estimated that 

1.1 to 8.8 million metric tons (MT) of plastic waste enters the ocean from costal 

communities each year. Living organisms, particularly marine animals, can be 

harmed either by mechanical effects, such as entanglement in plastic objects, 

problems related to ingestion of plastic waste, or through exposure to chemicals 

within plastics that interfere with their physiology. Effects on humans include 

disruption of various hormonal mechanisms [4].  

As of 2018, about 380 million tons of plastic is produced worldwide each 

year. From the 1950s up to 2018, an estimated 6.3 billion tons of plastic has been 

produced worldwide, of which an estimated 9% has been recycled and another 

12% has been incinerated. This large amount of plastic waste enters the 

environment, with studies suggesting that the bodies of 90% of seabirds contain 

plastic debris. In some areas there have been significant efforts to reduce the 

prominence of free range plastic pollution, through reducing plastic consumption, 

litter cleanup, and promoting plastic recycling [5].  

Some researchers suggest that by 2050 there could be more plastic than 

fish in the oceans by weight. 

So people concerned about plastic, not because plastic is made from oil or 

natural gas, or coal which are finite resources, But this is a mistake, because it is 

actually made from a by-product of the refining process which will always be 

produced so long as the world needs this type of fuel, and it makes good 

economic and environmental sense to use the by-product instead of wasting it 

and using scarce land and water resources to grow crops to make plastic. 

https://en.wikipedia.org/wiki/Marine_animals
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Litter
https://en.wikipedia.org/wiki/Plastic_recycling


  Introduction     Chapter one  
 

3 | P a g e 
 

Plastic takes up a very small proportion of space in the average landfill. But it is 

symptomatic of a “throw-away” society. Well, life moves at a much faster pace 

whether we like it or not. We can no longer buy milk in a jug from the corner 

shop, and packaging has adapted to modern life. Of course we must recycle 

plastic where practical, but it is not enough just to use recycled plastic because, 

whether recycled or not, we will never collect it all, and some will inevitably find 

its way into the open environment, where it could lie or float around for decades. 

Plastics are ubiquitous in everyday life and are produced and disposed of in 

huge quantities each year. Many common plastics, such as polyethylene, 

polypropylene, polystyrene, poly(vinyl chloride), and poly(ethylene 

terephthalate), that can be found in most consumer products are not 

biodegradable. Furthermore, only about 9-10% of discarded plastics are recycled 

each year. Non-biodegradable plastics accumulate in the environment, 

threatening human, animal, and environmental health [6].  

Current solutions to dealing with the amount of plastic being thrown away 

include burning the plastics and dumping them into large fields or landfills. 

Burning plastics leads to significant amounts of air pollution, which is harmful to 

human and animal health. When dumped into fields or landfills, plastics can cause 

changes in the pH of the soil, leading to soil infertility. Furthermore, plastic bottles 

and plastic bags that end up in landfills are frequently consumed by animals, 

which then clogs their digestive systems and leads to death [5].  

Because of the substantial growth in plastic consumption, biodegradable 

additives are becomingly increasingly necessary to increase the rate of 

degradability of common plastics. Current research is focused on finding new 

biodegradable additives that will shorten the degradation process from taking 

decades to centuries to taking only a few months to a few years. 

Biodegradable additives have the potential to significantly reduce the 

accumulation of plastics in the environment. 
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1.1.5. The reason need oxo-degradable plastic 

Thousands of tons of plastic waste are entering the world’s environment 

every day, and will remain there for decades.  In no country is it possible to collect 

all the plastic for recycling or other forms of responsible disposal. Because of the 

substantial growth in plastic consumption, oxo-degradable additives are 

becomingly increasingly necessary to increase the rate of degradability of 

common plastics. Current research is focused on finding new biodegradable 

additives that will shorten the degradation process from taking decades to 

centuries to taking only a few months to a few years only.  

1.3. Purpose of the research 

The purpose of this study is to reduce plastic litters that will stay over a very 

long period of time and that by oxo-degradation of plastic bags by some additives 

during production. 

1.4. Objectives of this research 

1. potential to significantly reduce the accumulation of plastics in the 

environment. 

2. Control of plastics life until it completely degradation with maintaining 

quality properties. 

3. Enhance and increase the rate of degradability of polyethylene bags. 
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2.1 Introduction 

The plastics industry is one of the fastest growing industrial 

sectors in the world and is one of the largest and most versatile 

thermoplastic general materials. It is made of ethylene poly polymer 

from the polymer. 

Polyethylene products is very common in our daily life. For 

examples, food and pharmaceutical packaging film, wire and cable 

insulation and pipe. Therefore, the production of polyethylene is 

humongous as is one of the most popular used polymer materials in day-

to-day life. A large number of products could be manufactured from 

plastic which include plastic bags, plastic film and milk barrels which are 

suitable for hollow molding, injection molding and extrusion of various 

products. For instances, various containers, cable cladding, pipe, profile 

and sheet. They are mainly used to manufacture thin films, containers, 

pipes, monofilament, wire and cable, daily necessities and is applicable 

in television, radar and other high-frequency insulation materials [6]. 

The plastics industry is a new industry. Since the mid-nineteenth 

century, the plastic industry had begun with the introduction of mixture 

of camphor and nitrocellulose. Since the twentieth century, people had 

created a series of synthetic resin that is consistent with properties of 

natural resin using chemical synthesis technique. Since then, the plastics 

industry begun to flourish and had become a necessary material in many 

aspects of daily life. 

The plastics industry is one of the fastest growing industries in the 

world. In 1950, the world's plastic production was 1.5 million tons. In 

1960, its production had grew to 6.9 million tons. In 1970, it successfully 

reached 30 million tons. In 1979, its production had doubled to 63.44 

million tons [7]. 

Polyethylene is among the top five world's largest production and 

consumption of synthetic resin and the main varieties are low-density 

polyethylene (LDPE), high-density polyethylene (HDPE) and linear low-

density polyethylene (LLDPE). In 2002, the production capacity of 

polyethylene in the world had reached 68,517,000 t / a, of which 
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Western Europe produced about 20% of production capacity, about 30% 

in North America, Japan accounted for about 5%. Beside Japan, the Asia-

Pacifi c region accounted for about 24% %, Africa / Middle East 

accounted for 12% whereas Central and South America accounted for 

about 4% [8]. 

2.2 Plastic bags 

Blown film extrusion is one of the most widely used thin gauge 

fabrication process. The majority of plastic film such grocery bags. 

Agricultural films and other flexible packaging film are produced by the 

thin technique. 

The method of producing film by extruding plastic melt is a simple 

process, the blown film line consist of extruder die, bubble, air ring, 

collapsing frame and a winder. It is one of the most important polymer 

processing technologies. Several billions kilograms of polymer, mostly 

polyethylene are processed annually by this method. [8] 

2.2.1 Polyethylene plastic bags 

Grocery sacks , garbags and flexible packaging ,low density 

polyethylene is used mainly in flexible film while ,while high density 

polyethylene is used for heavy duty bags for fertilizer , merchandise , 

seat covers , electrical insulation etc. 

Plastic bags usually use less material than comparable to boxes, 

cartons. The history of the plastic bags, American and European patent 

applications relating to the production of plastic bags can be found 

dating back to the early 1950s. The modern lightweight plastic bag is the 

invention of Swedish engineer Sten Thulin. In the early 1960s, Thulin 

developed a method of forming a simple one-piece bag by folding, 

welding and die-cutting a flat tube of plastic for the packaging company 

Celloplast of Norrköping, Sweden. Thulin's design produced a simple, 

strong bag with a high load-carrying capacity, and was patented 

worldwide by Celloplast in 1965, from the mid-1980s plastic bags 

become common and most using than the paper bags [01]. 
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2.2.2 Advantages of plastic bags 

It is durable, low cost, water resistant, lesser energy and heavy 

chemicals requirements in manufacture and are lightweight. Many 

studies comparing plastic versus paper for shopping bags show that 

plastic bags have less net environmental effect than paper bags, 

requiring less energy to produce, transport and recycle. In addition, 

plastic bags are complimentary in many locations but are charged or 

"taxed" in others. 

2.3 Plastic pollution   

Plastics are inexpensive and durable, and as a result levels of 

plastic production by humans are high. However, the chemical structure 

of most plastics renders them resistant to many natural processes of 

degradation and as a result they are slow to degrade. Together, these 

two factors have led to a high prominence of plastic pollution in the 

environment. Plastics that act as pollutants are categorized into micro-, 

meso-, or macro debris, based on size [4].  

Plastic pollution can afflict land, waterways and oceans. It is 

estimated that 1.1 to 8.8 million metric tons (MT) of plastic waste enters 

the ocean from costal communities each year. Living organisms, 

particularly marine animals, can be harmed either by mechanical effects, 

such as entanglement in plastic objects, problems related to ingestion of 

plastic waste, or through exposure to chemicals within plastics that 

interfere with their physiology [4]. 

As of 2018, about 380 million tons of plastic is produced 

worldwide each year. From the 1950s up to 2018, an estimated 6.3 

billion tons of plastic has been produced worldwide, of which an 

estimated 9% has been recycled and another 12% has been incinerated. 

This large amount of plastic waste enters the environment, with studies 

suggesting that the bodies of 90% of seabirds contain plastic debris. In 

some areas there have been significant efforts to reduce the prominence 

of free range plastic pollution, through reducing plastic consumption, 

litter cleanup, and promoting plastic recycling [00].  

https://en.wikipedia.org/wiki/Environmental_degradation
https://en.wikipedia.org/wiki/Pollution
https://en.wikipedia.org/wiki/Pollutant
https://en.wikipedia.org/wiki/Marine_animals
https://en.wikipedia.org/wiki/Litter
https://en.wikipedia.org/wiki/Plastic_recycling
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Some researchers suggest that by 2050 there could be more 

plastic than fish in the oceans by weight. 

2.3.1 Approaches used to dealing with the plastic pollutants 

Pollutants composed of plastic polymers have been removed from 

the environment using three approaches: 

-  The first approach is to store the waste in landfills. However, 

due to rapid population growth and the limited number of 

landfills, this approach only transfers the problem to future 

generations. Plastic waste represents 20–30% of the total volume 

of solid waste contained in landfills because in addition to the 

large amount of waste generated, plastic waste is recalcitrant and 

remains deposited in these landfills for long periods of time [00]. 

-  The second approach can be subdivided into two distinct parts: 

incineration and recycling. The incineration of plastic waste often 

results in a significant release of carbon dioxide and other gases. 

The recycling process includes removing the plastic residue, 

separating plastic into categories according to type, and washing, 

drying, grinding and reprocessing the plastic waste. Thus, recycling 

is an expensive process, and the quality of the recycled plastic is 

lower than that of the primary material [00]. 

-  The final approach is the development of degradable polymers. 

2.4 Degradable plastic bags  

Every year approximately 500 billion to 1 trillion plastic bags are 

used worldwide. 

Since polyethylene is used for a wide range of uses, from plastic 

bags to plastic water bottles to outdoor furniture, large amounts of PE 

plastic is thrown away each year, and determining ways to increase its 

biodegradability has become an important area of research. 

Biodegradable bags are bags that are capable of being 

decomposed by bacteria or other living organisms [4]. 

https://en.wikipedia.org/wiki/Plastic_bag
https://en.wikipedia.org/wiki/Bag
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2.4.1 Distinguishing "biodegradable" from "compostable" 

In typical parlance, the word biodegradable is distinct in meaning 

from compostable. While biodegradable simply means an object is 

capable of being decomposed by bacteria or other living organisms, 

"compostable" in the plastic industry is defined as able to decompose in 

aerobic environments that are maintained under specific controlled 

temperature and humidity conditions. Compostable means capable of 

undergoing biological decomposition in a compost site such that the 

material is not visually distinguishable and breaks down into carbon 

dioxide, water, inorganic compounds and biomass at a rate consistent 

with known compostable materials [6]. 

2.4.2 Division degradable plastics depending on their origin 

Degradable plastics can be divided into three groups according to 

their origin: 

(a) bacterial polymers that can be formed by a bacterial biofilm or by 

microbial fermentation. 

(b) polymers that are derived from plants. 

 (c) chemically synthesized polymers. 

Biodegradable polymers derived from renewable sources, such as 

plants or microorganisms, are ecologically maintainable because they 

are not accumulated in the environment for long periods of time and 

they are degraded or mineralized by microorganisms. However, these 

polymers contain some physicochemical properties that restrict their 

use [01]. 

2.4.3 Biodegradable additives  

Biodegradable additives are additives that enhance the 

biodegradation of polymers by allowing microorganisms to utilize the 

carbon within the polymer chain as a source of energy. Biodegradable 

additives attract microorganisms to the polymer through quorum 

sensing after biofilm creation on the plastic product. Additives are 

generally in masterbatch formation that use carrier resins such as 

https://en.wikipedia.org/wiki/Biodegradable
https://en.wikipedia.org/wiki/Compost
https://en.wikipedia.org/wiki/Plastic_industry
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Polymer_additive
https://en.wikipedia.org/wiki/Biodegradation
https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Microorganism
https://en.wikipedia.org/wiki/Quorum_sensing
https://en.wikipedia.org/wiki/Quorum_sensing
https://en.wikipedia.org/wiki/Biofilm
https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Masterbatch
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polyethylene (PE), polypropylene (PP), polystyrene (PS) or polyethylene 

terephthalate (PET) [02].  

Most common synthetic plastics are not biodegradable, and both 

chemical and physical properties of plastics play important roles in the 

process of plastic degradation. The addition of biodegradable additives 

can influence the mechanism of plastic degradation by changing the 

chemical and physical properties of plastics to increase the rate of 

degradation. Biodegradable additives can convert the plastic 

degradation process to one of biodegradation. Instead of being 

degraded simply by environmental factors, such as sunlight (photo-

degradation) or heat (thermal degradation), biodegradable additives 

allow polymers to be degraded by microorganisms and bacteria through 

direct or indirect attack [0].  

While some plastic additives merely affect the surface of plastics 

(ex. colorants), effective biodegradable additives must change the 

interior of the plastics and their chemical properties, as well. Good 

biodegradable additives expedite the rate of degradation by reducing 

the strength of certain properties of the polymers and increasing their 

attractiveness to microorganisms [0]. 

2.4.4 Mechanism of biodegradation 

In general, the process of microbial plastic biodegradation results 

in a considerable decrease in polymer molecular weight, causing the 

plastic to lose its structural integrity. There are several different ways in 

which microorganisms can carry out the process of plastic degradation, 

and the mechanism differs slightly depending on the environmental 

conditions [6].  

- Direct Action 

Some microorganisms can directly consume plastic fragments and 

use the carbon as a nutritional source. For example, Brevibacillus 

borstelensis, Rhodococcus rubber, Pseudomonas chlororaphis, and 

Comamonas acidovorans TB-35 have all been shown experimentally to 

use direct action to consume polyethylene. For other less commonly 

https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polypropylene
https://en.wikipedia.org/wiki/Polystyrene
https://en.wikipedia.org/wiki/Polyethylene_terephthalate
https://en.wikipedia.org/wiki/Polyethylene_terephthalate
https://en.wikipedia.org/wiki/Photodegradation
https://en.wikipedia.org/wiki/Photodegradation
https://en.wikipedia.org/wiki/Thermal_degradation_of_polymers
https://en.wikipedia.org/wiki/Colourant
https://en.wikipedia.org/wiki/Brevibacillus_borstelensis
https://en.wikipedia.org/wiki/Brevibacillus_borstelensis
https://en.wikipedia.org/wiki/Rhodococcus
https://en.wikipedia.org/wiki/Pseudomonas_chlororaphis
https://en.wikipedia.org/wiki/Comamonas_acidovorans
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used plastics, researchers have only found one strain of microbe capable 

of directly degrading a specific plastic. More research is currently being 

done to discover other microbial strains that can effectively biodegrade 

plastics.  

Polymer molecular weight plays a significant role in whether 

microorganisms can use direction action to break down plastics because 

it is quite difficult for microorganisms to directly degrade high molecular 

weight polymers. Functional groups on the polymer also determine 

whether a polymer will be directly degraded, with large substituents 

being more difficult to degrade.  

- Indirect Action 

Microbes involved in the breakdown of fossil-based plastics 

typically use an indirect mechanism in which microbial enzymes break 

down the plastic. Through indirect action, the metabolic products of the 

microorganism affect the properties of the plastic, resulting in 

degradation.  

Enzyme-based microbial biodegradation can occur under two 

conditions: aerobic and anaerobic. Plastics are typically made up of 

hydrophobic polymers, so the first step of biodegradation under both 

conditions involves the breakdown of the polymer by the enzyme into 

smaller constituents such as oligomers, dimers, and monomers. The 

breaking down the plastic into smaller molecules is known as hydrolysis 

or oxidation, and this process increases the hydrophilicity of the 

polymer. Hydrolysis or oxidation is the most important step in the 

mechanism since it initiates the entire process of plastic biodegradation. 

Once hydrolysis or oxidation occurs, the microorganisms can act directly 

on the lower molecular weight products and utilize the carbon in these 

fragments as a source of energy.  

Common enzymes involved in microbial plastic biodegradation 

include lipase, proteinase, pronase, and hydrogenase, among others. 

The efficacy of these enzymes depends on the type of plastic being 

degraded. Furthermore, the products of microbial biodegradation will 

differ depending on the environmental conditions [6].  

https://en.wikipedia.org/wiki/Enzyme
https://en.wikipedia.org/wiki/Hydrophobic
https://en.wikipedia.org/wiki/Polymer
https://en.wikipedia.org/wiki/Oligomer
https://en.wikipedia.org/wiki/Dimer_(chemistry)
https://en.wikipedia.org/wiki/Monomer
https://en.wikipedia.org/wiki/Hydrolysis
https://en.wikipedia.org/wiki/Redox
https://en.wikipedia.org/wiki/Lipase
https://en.wikipedia.org/wiki/Proteinase_K
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- Aerobic 

Under aerobic conditions, the microorganisms will use oxygen as 

an electron acceptor. The resulting products are carbon dioxide (CO2) 

and water (H2O). Examples of aerobic conditions for microbial 

biodegradation include landfills and sediments.  

- Anaerobic 

Under anaerobic conditions, the lack of oxygen requires that the 

bacteria use a different source for an electron acceptor. Common 

electron acceptors used by anaerobic bacteria are sulfate, iron, nitrate, 

manganese and carbon dioxide. The resulting products under anaerobic 

conditions are carbon dioxide (CO2), water (H2O), and methane (CH4).  

A simple chemical equation of the anaerobic process is:  

C6H12O6 → 2CO2 + 3CH  

Examples of anaerobic conditions for microbial biodegradation include 

soil and composts [0].  

2.4.5 Types of biodegradable Additives 

Starch 

Starch is a common biodegradable additive, and blends of 

synthetic plastics with starch are becoming more and more prevalent. 

Because starch is a polymeric carbohydrate, it can be directly consumed 

by microorganisms. Starch is a renewable and cheap resource that is 

available all year round, making it a viable biodegradable additive.  

While starch is a promising biodegradable additive, it is currently 

only being blended with certain synthetic plastics. Starch and polyvinyl 

alcohol (PVA) blends are completely biodegraded by various microbes 

because both components are biodegradable. However, the addition of 

starch may increase the rate of degradation of PVA. Starch and polyester 

blends have also been found to be completely biodegradable. The 

presence of a continuous starch phase allows direct consumption of the 

plastic by microorganisms because the material becomes more 

https://en.wikipedia.org/wiki/Starch
https://en.wikipedia.org/wiki/Polyvinyl_alcohol
https://en.wikipedia.org/wiki/Polyvinyl_alcohol
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hydrophilic. Microorganisms can directly attack and remove the starch 

from the plastic, leading to its degradation. Starch is most commonly 

used as a biodegradable additive for both low-density polyethylene 

(LDPE) and high-density polyethylene (HDPE). Since polyethylene is used 

for a wide range of uses, from plastic bags to plastic water bottles to 

outdoor furniture, large amounts of PE plastic is thrown away each year, 

and determining ways to increase its biodegradability has become an 

important area of research [03].  

Cornplast, produced by the National Corn Grower Association 

(USA), is a specific starch additive that can be used to increase the 

biodegradability of synthetic polyethylene. Cornplast is a material whose 

composition is 20% polyethylene and 80% starch. 50%-50% by weight 

blends of Cornplast with both LDPE and HDPE have been studied to 

determine the effectiveness of starch as a biodegradable additive.  

Bioaugmentation 

The addition of certain microbial strains to plastics is known as 

bioaugmentation, and it is a method to increase the biodegradability of 

plastics. Bioaugmentation has been used to enhance the rate of 

degradability of already compostable plastics, such as poly(lactic acid) 

(PLA). Composting plastics is a promising alternative to disposing of 

plastics in landfills. However, a plastic requires certain properties to be 

compostable. To increase the composability and biodegradability of 

plastics, bioaugmentation is a method of directly adding microorganisms 

to the plastic. In this case, the biodegradable additives are the microbes 

themselves.  

Experiments must be done to determine which specific microbial 

strains present in the compost are able to actually bind to the plastics to 

determine potential sources for bioaugmentation. These experiments 

must be done for various plastics, as the differences in the properties of 

the plastics will affect the binding ability of the microbial strain. To 

determine whether the strain of microorganism is degrading the plastic, 

measurements of the amount of carbon dioxide present is typically used 

since carbon dioxide is a product of both aerobic and anaerobic 

https://en.wikipedia.org/wiki/Low-density_polyethylene
https://en.wikipedia.org/wiki/Polylactic_acid
https://en.wikipedia.org/wiki/Polylactic_acid
https://en.wikipedia.org/wiki/Compost
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microbial degradation. To confirm that the microorganisms being 

studied are attracted to a certain type of plastic, it is important that the 

synthetic plastic is the only source of carbon in the experimental 

compost or soil. If there is a significant release of carbon dioxide, it 

means that the microorganism has successfully consumed the carbon in 

the plastic [04].  

One example of a strain of microbes that has been used for the 

successful bioaugmentation of poly(lactic acid) is Geobacillus 

thermoleovorans. This strain of bacteria can grow in both marine and 

terrestrial conditions and is able to use a variety of sugars, 

hydrocarbons, and carboxylic acids as nutritional sources. Geobacillus 

thermoleovorans successfully attaches to the surface of poly(lactic acid), 

and experiments show that this colonization will increase the rate of 

microbial degradation of the plastic [03]. 

2.5 OXO-degradation 

"As defined as degradation resulting from oxidative and cell-

mediated phenomena, either simultaneously or successively" This 

degradation is termed "OXO-degradable", but this latter term describes 

only the first or oxidative phase of degradation by the process of OXO-

degradation. 

Oxo-degradable plastics—which are made from polymers such as 

polyethylene (PE), polypropylene (PP), or polystyrene (PS)—contain a 

prodegradant catalyst—often a salt of manganese or iron [11]. 

The prodegradant catalyzes the abiotic degradation process so 

that Oxo-degradable plastic will degrade in the presence of oxygen much 

more quickly than ordinary plastic. 

The plastic material has then been converted into small-chain 

organic chemicals, such as ketones, alcohols, carboxylic acids, and low 

molecular mass hydrocarbon waxes. The remaining chemicals are no 

longer plastic, and are biodegradable by bacteria, which are ubiquitous 

in the terrestrial and marine environments. The timescale for complete 

biodegradation at any time or place in the open environment is much 

https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polypropylene
https://en.wikipedia.org/wiki/Polystyrene
https://en.wikipedia.org/wiki/Salt_(chemistry)
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Abiotic_component
https://en.wikipedia.org/wiki/Ketone
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Carboxylic_acid
https://en.wikipedia.org/wiki/Wax
https://en.wikipedia.org/wiki/Bacteria
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shorter than for "conventional" plastics, which in normal environments 

are very slow to biodegrade and cause large scale harm [06]. 

2.5.1 Pro-oxidant additives 

Pro-oxidant additives increase the rate of both thermo-oxidation 

and photo-oxidation, resulting in a larger amount of low molecular 

extractable compounds. Microbial strains can then efficiently attack the 

carbon in these low molecular weight fragments of the large chain 

polymers.  

Pro-oxidant additives are commonly used to enhance the rate of 

biodegradation of polyethylene and polyethylene films. Polyethylene is a 

very common polymer used in many everyday plastic products, such as 

water bottles, grocery bags, and drain pipes. However, its high molecular 

weight hinders the ability for microorganisms to naturally degrade the 

material. Pro-oxidant additives have been effective in increasing the 

biodegradability of polyethylene by creating smaller fragments of the 

polymer [05].  

Typical pro-oxidant additives are the transition metal complexes 

or transient metal ions, which are added to the plastic in the form of 

stearate or other organic ligand complexes. The most common metals 

used as pro-oxidants are iron (Fe), manganese (Mn), and cobalt (Co). Fe 

complexes increase the rate of photooxidation by providing a source of 

radicals for the initiation step in the process of creating smaller 

molecular weight fragments [06].  

2.6 Environmental Impact 

Oxo-degradable additives have the potential to significantly 

reduce the accumulation of plastics in the environment. Plastics are 

ubiquitous in everyday life and are produced and disposed of in huge 

quantities each year. Many common plastics, such as polyethylene, 

polypropylene, polystyrene, poly(vinyl chloride), and poly(ethylene 

terephthalate), that can be found in most consumer products are not 

biodegradable. Furthermore, only about 9-10% of discarded plastics are 

recycled each year [02]. 

https://en.wikipedia.org/wiki/Plastic
https://en.wikipedia.org/wiki/Plastic_pollution
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Cobalt
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Non-biodegradable plastics accumulate in the environment, 

threatening human, animal, and environmental health.  

Current solutions to dealing with the amount of plastic being 

thrown away include burning the plastics and dumping them into large 

fields or landfills. Burning plastics leads to significant amounts of air 

pollution, which is harmful to human and animal health. When dumped 

into fields or landfills, plastics can cause changes in the pH of the soil, 

leading to soil infertility. Furthermore, plastic bottles and plastic bags 

that end up in landfills are frequently consumed by animals, which then 

clogs their digestive systems and leads to death.  

Because of the substantial growth in plastic consumption, oxo-

degradable additives are becomingly increasingly necessary to increase 

the rate of degradability of common plastics. Current research is focused 

on finding new biodegradable additives that will shorten the 

degradation process from taking decades to centuries to taking only a 

few months to a few years. 

2.7 Previous Studies 

 Thermal Oxidation of Polyolefins by Mild Pro-Oxidant Additives 

Based on Iron Carboxylates and Lipophilic Amines: Degradability in the 

Absence of Light and Effect on the Adhesion to Paperboard 

August 2015Polymers 7(8):1522-1540 

Marine and inland pollution by non-degradable plastic bags and other 

plastic articles is a topic of great concern. Natural degradation processes 

based on oxidation of plastic pollutants could possibly contribute to limit 

the extent of pollution. Thermal degradation of polyolefins in the 

absence of light by non-polluting pro-oxidants has not been presented 

before. In this study, we show that two amines, stearyl amine and [(3-

(11-aminoundecanoyl) amino) propane-1-] silsesquioxane (amino-POSS) 

in combination with ferric stearate (FeSt3) tremendously accelerate the 

thermal oxidation of polyolefins compared with reference samples. Both 

amines and FeSt3 are to a large extent based on renewable resources. 

Polyethylene and polypropylene samples containing less than 100ppm of 
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iron and 1% of amine were extremely brittle after 10 days in a 

circulation oven in the absence of light. No significant degradation could 

be seen with samples containing iron but no amine. In a different 

application, the initial oxidation of polyethylene can be used in order to 

increase its adhesion to cardboard. Excellent adhesion between 

polyethylene and cardboard is important for liquid packaging based on 

renewable resources. Amino-POSS has been chosen for food packaging 

applications due to its expected lower leakage from polyethylene (PE) 

compared with stearyl amine. Film samples of PE/amino-POSS/FeSt3 

blends were partly oxidized in a circulation oven. The oxidation was 

documented byincreased carbonyl index (CI) and melt flow index (MFI). 

The limited extent of oxidation has been proved by unchanged tensile 

strength and only moderate changes in elongation at break when 

compared to reference polyethylene films containing no FeSt3 or amino-

POSS. The PE/amino-POSS/FeSt3 blends were compression moulded to 

paperboard. The adhesion of non-aged blends to paperboard decreased 

with increasing amino-POSS content which is in good compliance with an 

earlier reported lubricant effect of high amounts of POSS in PE. Thermal 

ageing of PE/amino-POSS/FeSt3 films prior to coating however led to a 

significant increase in adhesion. Improved physical interlocking due to 

increased MFI and interaction between C=O of the blends and OH of 

paperboard can explain the adhesion improvement. The films were not 

brittle after thermal ageing, which makes their use in industrial 

packaging feasible. A mechanism explaining the role of amines during 

thermal oxidation of polyolefins in the presence of iron is proposed. 

 

 Published online 2013 Aug 15. doi: 10.1371/journal.pone.0069386 

 

José Maria Rodrigues da Luz, Sirlaine Albino Paes, Mateus Dias Nunes, 

Marliane de Cássia Soares da Silva, and Maria Catarina Megumi Kasuya * 

In this study, they tested the capability of Pleurotus ostreatus to degrade 

oxo-biodegradable (D2W) plastic without prior physical treatment, such 

as exposure to UV or thermal heating. After 45 d of incubation in 

substrate-containing plastic bags, the oxo-biodegradable plastic, which is 

https://dx.doi.org/10.1371%2Fjournal.pone.0069386
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Luz%20JM%5BAuthor%5D&cauthor=true&cauthor_uid=23967057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paes%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23967057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nunes%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=23967057
https://www.ncbi.nlm.nih.gov/pubmed/?term=da%20Silva%20Md%5BAuthor%5D&cauthor=true&cauthor_uid=23967057
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kasuya%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=23967057
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commonly used in supermarkets, developed cracks and small holes in 

the plastic surface as a result of the formation of hydroxyl groups and 

carbon-oxygen bonds. These alterations may be due to laccase activity. 

Furthermore, they observed the degradation of the dye found in these 

bags as well as mushroom formation. Thus, P. ostreatus degrades oxo-

biodegradable plastics and produces mushrooms using this plastic as 

substrate. 

Conclusion: P.ostreatus is capable of degrading oxo-biodegradable 

plastic and producing mushrooms using the plastic waste without any 

prior physical treatment. The results of this study are important for 

elucidating the biodegradation process of plastic waste and revealing a 

new alternative for the proper treatment of these pollutants.  

 

 In September 2013 report by 

C.AbrusciaJ.L.PablosbI.MarínaE.EspícT.CorralesbF.Catalina 

Highlights 

•The pro-oxidant efficiency of Fe, Co and Mn Stearates was studied in 

LDPE. 

•Bacteria biodegraded efficiently degraded LDPE-MSt during 90 days at 

45 °C. 

•Biodegradation of degraded materials followed the order: LDPE-Co > 

LDPE-Mn > LDPE-Fe. 

Abstract: The effect of Iron, Cobalt and Manganese stearates are 

examined on the post-bacterial photochemical and thermal degradation 

of polyethylene (LDPE). The activity of stearates has been evaluated by 

ATR-FTIR, chemi luminescence and GPC of polyethylenes. A significant 

increase in carbonyl index for PE containing stearates was determined 

by FTIR together with a marked decrease in molecular weight as 

measured by GPC. All three metal stearates induced the development of 

drastic photo- and thermal-degradation processes for polyethylenes 

containing metal stearates except in the case of LDPE-Fe film which did 

not exhibit any significant thermocatalytic effect on degradation. 

https://www.sciencedirect.com/science/article/pii/S0964830513001340#!
https://www.sciencedirect.com/science/article/pii/S0964830513001340#!
https://www.sciencedirect.com/science/article/pii/S0964830513001340#!
https://www.sciencedirect.com/science/article/pii/S0964830513001340#!
https://www.sciencedirect.com/science/article/pii/S0964830513001340#!
https://www.sciencedirect.com/science/article/pii/S0964830513001340#!
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In a second post bacterial study step, a mixture of three Bacillus MIX 

(Bacillus cereus, Bacillus megaterium and Bacillus subtilis) as well as 

Brevibacillus borstelensis were tested for biodegradation (90 days at 45 

°C) of the highly photo- and thermo-degraded polyethylene films. 

Biodegraded materials were characterized using different techniques 

and mineralization was evaluated by carbon dioxide measurement using 

an indirect impedance technique. The biodegradation of degraded LDPE 

films by B. borstelensis and the mixture of Bacillus MIX was highly 

effective following the order LDPE-Co > LDPE-Mn > LDPE-Fe and in the 

range of 9.0–59.2% of mineralization after only 90 days of bacterial 

bioassay at 45 °C. The approach studied in this work showed much 

higher degradable efficacy than that already reported in the literature. 

 In September 2017 By Marcela C.AntunesaJosé A.M.AgnelliaAlex 

S.BabettobBaltus C.BonsebSílvia H.P.Bettinia 

The effect of pro-degradant manganese (Mn) stearate concentration on 

the oxidative abiotic degradation of high-density polyethylene (HDPE) 

was investigated in thermo-oxidative tests at three temperatures (60, 70 

and 80 °C) over time. Degradation monitoring was carried out, by 

determining carbonyl indices (CI), using infrared spectroscopy (IR), and 

by assessing molar masses and their distributions, using size exclusion 

chromatography (SEC) and tensile tests to assess mechanical properties. 

Deconvolution analyses of the absorbance bands obtained in the 

carbonyl region were performed to quantify the functional groups 

originated from degradation. Similar levels of degradation (equivalent 

molar mass and oxidation values) were obtained regardless of the 

investigated manganese concentration (50, 200 and 400 ppm). However, 

the results indicate that increasing Mn concentration may reduce the 

induction time for carbonyl formation. Deconvolution of the carbonyl 

region in IR spectra (between 1800 and 1650 cm−1) indicates that the 

addition of Mn results in increase in the concentration of oxidized 

functional groups (ketones, carboxylic acids, lactones, etc.) and that 

relationship between these groups varies depending on whether 

manganese stearate is present or not. 

https://www.sciencedirect.com/science/article/pii/S0141391017301763#!
https://www.sciencedirect.com/science/article/pii/S0141391017301763#!
https://www.sciencedirect.com/science/article/pii/S0141391017301763#!
https://www.sciencedirect.com/science/article/pii/S0141391017301763#!
https://www.sciencedirect.com/science/article/pii/S0141391017301763#!
https://www.sciencedirect.com/science/article/pii/S0141391017301763#!
https://www.sciencedirect.com/topics/chemistry/manganese
https://www.sciencedirect.com/topics/materials-science/polyethylene
https://www.sciencedirect.com/topics/chemistry/ir-spectroscopy
https://www.sciencedirect.com/topics/chemistry/molar-mass
https://www.sciencedirect.com/topics/chemistry/ir-spectrum
https://www.sciencedirect.com/topics/chemistry/lactone
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3.1. Materials 

Polyethylene (PE), light, versatile synthetic resin made from the 

polymerization of ethylene. 

Polyethylene is a member of the important family of polyolefin resins. It is 

the most widely used plastic in the world, being made into products ranging from 

clear food wrap and shopping bags to detergent bottles and automobile fuel 

tanks. It can also be slit or spun into synthetic fibres or modified to take on the 

elastic properties of a rubber[8]. 

 

Figure 3.1 Demand for plastic resins in Europe during 2017 as a percentage of total 

plastic demand. 

3.1.1 Chemical composition  

commonly produced by the cracking of ethane gas, forms the basis for the 

largest single class of plastics, the polyethylenes. Ethylene monomer has the 

chemical composition CH2=CH2; as the repeating unit of polyethylene it has the 

following chemical structure: 

https://www.merriam-webster.com/dictionary/synthetic
https://www.britannica.com/science/resin
https://www.britannica.com/science/polymerization
https://www.britannica.com/science/ethylene
https://www.britannica.com/science/polyolefin
https://www.britannica.com/science/plastic
https://www.britannica.com/science/rubber-chemical-compound
https://www.britannica.com/science/monomer
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This simple structure can be produced in linear or branched forms such as 

those illustrated in Figures 2 and 3. Branched versions are known as low-density 

polyethylene (LDPE) or linear low-density polyethylene (LLDPE); the linear 

versions are known as high-density polyethylene (HDPE) and ultrahigh molecular 

weight polyethylene (UHMWPE). 

 

Figure 3.2.  high density polyethylene structure 

 

Figure 3.3.  low-density polyethylene structure 

https://www.britannica.com/science/low-density-polyethylene
https://www.britannica.com/science/low-density-polyethylene
https://www.britannica.com/science/linear-low-density-polyethylene
https://www.britannica.com/science/high-density-polyethylene
https://www.britannica.com/science/ultrahigh-molecular-weight-polyethylene
https://www.britannica.com/science/ultrahigh-molecular-weight-polyethylene
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3.1.2 Major polyethylene compounds 

3.1.2.1 High-density polyethylene 

HDPE is manufactured at low temperatures and pressures, using Ziegler-

Natta and metallocene catalysts or activated chromium oxide (known as a Phillips 

catalyst). The lack of branches in its structure allows the polymer chains to pack 

closely together, resulting in a dense, highly crystalline material of high strength 

and moderate stiffness. With a melting point more than 20 °C (36 °F) higher than 

LDPE, it can withstand repeated exposure to 120 °C (250 °F) so that it can be 

sterilized [2]. 

Products include blow-molded bottles for milk and household cleaners; 

blow-extruded grocery bags, construction film, and agricultural mulch; and 

injection-molded pails, caps, appliance housings, and toys. 

3.1.2.1.1 Properties 

1. HDPE Melting point: 120-140°C 

2. Density of HDPE: 0.93 to 0.97 g/cm3 

3. High Density Polyethylene Chemical resistance:  

o Excellent resistance to most solvents 

o Very good resistance to alcohols, dilute acids and alkalis 

o Moderate resistance to oils and greases 

o Poor resistance to hydrocarbons (aliphatic, aromatic, halogenated) 

4. Continuous temperature: -50°C to +60°C, Relatively stiff material with useful 

temperature capabilities 

5. Higher tensile strength compared to other forms of polyethylene 

6. Low cost polymer with good processability 

7. Good low temperature resistance 

8. Excellent electrical insulating properties 

9. Very low water absorption 

10. FDA compliant 

 

https://www.britannica.com/science/high-density-polyethylene
https://www.britannica.com/science/chromium
https://www.britannica.com/science/melting-point
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3.1.2.1.2 Disadvantages 

 Susceptible to stress cracking 

 Lower stiffness than polypropylene 

 High mold shrinkage 

 Poor UV- and low heat resistance 

 High-frequency welding and joining impossible 

3.1.2.1.3 Applications of High Density Polyethylene (HDPE)  

Excellent combination of properties makes HDPE an ideal material in 

diverse applications across industries. It can be engineered according to the end 

use requirements. 

Some of the major uses of high density polyethylene include: 

Packaging Applications - High Density Polyethylene is used in several 

packaging applications including crates, trays, bottles for milk and fruit juices, 

caps for food packaging, jerry cans, drums, industrial bulk containers etc. In 

such applications HDPE provides the end product a reasonable impact 

strength. 

Consumer Goods – Low cost and easy processability make HDPE a material of 

choice in several household/ consumer goods like garbage containers, 

housewares, ice boxes, toys etc.  

Fibers and Textiles – Thanks to its high tensile strength, HDPE is widely used in 

ropes, fishing and sport nets, nets for agricultural use, Industrial and 

decorative fabrics, etc. 

Other applications of HDPE include pipes and fittings (pipes for gas, water, 

sewage, drainage, sea outfalls, industrial application, cable protection, steel pipe 

coating, large inspection chambers and manholes for pipe sewage etc.) due to its 

excellent resistance to chemical and hydrolysis,  automotive – fuel tanks, wiring 

& cables – sheeting of energy, telecommunication cables. 

https://omnexus.specialchem.com/polymer-properties/properties/stiffness
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3.1.2.2 Ultrahigh-molecular-weight polyethylene 

Linear polyethylene can be produced in ultrahigh-molecular-weight 

versions, with molecular weights of 3,000,000 to 6,000,000 atomic units, as 

opposed to 500,000 atomic units for HDPE. These polymers can be spun into 

fibres and then drawn, or stretched, into a highly crystalline state, resulting in 

high stiffness and a tensile strength many times that of steel. Yarns made from 

these fibres are woven into bulletproof vests [2]. 

3.1.2.3 Low-density polyethylene 

LDPE is prepared from gaseous ethylene under very high pressures (up to 

about 350 megapascals, or 50,000 pounds per square inch) and high 

temperatures (up to about 350 °C [660 °F]) in the presence of oxide initiators. 

These processes yield a polymer structure with both long and short branches. 

Because the branches prevent the polyethylene molecules from packing closely 

together in hard, stiff, crystalline arrangements, LDPE is a very flexible material. 

Its melting point is approximately 110 °C (230 °F). Principal uses are in packaging 

film, trash and grocery bags, agricultural mulch, wire and cable insulation, 

squeeze bottles, toys, and housewares. Some LDPE is reacted with chlorine (Cl) or 

with chlorine and sulfur dioxide (SO2) in order to introduce chlorine or 

chlorosulfonyl groups along the polymer chains. Such modifications result in 

chlorinated polyethylene (CM) or chlorosulfonated polyethylene (CSM), a virtually 

noncrystalline and elastic material. In a process similar to vulcanization, cross-

linking of the molecules can be effected through the chlorine or chlorosulfonyl 

groups, making the material into a rubbery solid. Because their main polymer 

chains are saturated, CM and CSM elastomers are highly resistant to oxidation 

and ozone attack, and their chlorine content gives some flame resistance and 

resistance to swelling by hydrocarbon oils. They are mainly used for hoses, belts, 

heat-resistant seals, and coated fabrics [2]. 

3.1.2.3.1 Properties 

1. LDPE Melting point: 105 to 115°C 

2. Density of LDPE: 0.910–0.940 g/cm3 

https://www.britannica.com/science/ultrahigh-molecular-weight-polyethylene
https://www.britannica.com/science/tensile-strength
https://www.britannica.com/science/low-density-polyethylene
https://www.britannica.com/science/polymer
https://www.britannica.com/science/sulfur-dioxide
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3. Chemical resistance of LDPE:  

o Good resistance to alcohols, dilute alkalis and acids 

o Limited resistance to aliphatic and aromatic hydrocarbons, mineral oils, 

oxidizing agents and halogenated hydrocarbons 

4. Temperature resistance up to 80°C continuously and 95°C for shorter times. 

5. Low cost polymer with good processability 

6. High impact strength at low temperature, good weatherability 

7. Excellent electrical insulating properties 

8. Very low water absorption 

9. FDA compliant 

10. Transparent in thin film form 

3.1.2.3.2 Disadvantages 

 Susceptible to stress cracking  

 Low strength, stiffness and maximum service temperature. This limits its usage 

in applications requiring extreme temperatures.  

 High gas permeability, particularly carbon dioxide  

 Poor UV resistance  

 Highly flammable  

 High-frequency welding and joining impossible 

3.1.2.3.3 Applications 

Low Density Polyethylene (LDPE) uses majorly revolve around 

manufacturing containers, dispensing bottles, wash bottles, tubing, plastic bags 

for computer components, and various molded laboratory equipments. The most 

popular application of low density polyethylene is plastic bags. 

Packaging – Thanks to its low cost and good flexibility, LDPE is used in 

packaging industry for pharmaceutical and squeeze bottles, caps and closures, 

tamper evident, liners, trash bags, films for food packaging (frozen, dry goods, 

etc.).  



Chapter three                                                                                                                          Material   
 

02 | P a g e 
 

Pipes and Fittings – Low Density Polyethylene is used to manufacture water 

pipes and hoses for the pipes and fittings industry due to Its plasticity and low 

water absorption. 

Other applications include consumer goods - housewares, flexible toys, 

agricultural films, wiring & cables - sub-conductor insulators, cable jacketing. 

3.1.2.4 Linear low-density polyethylene 

LLDPE is structurally similar to LDPE. It is made by copolymerizing ethylene 

with 1-butene and smaller amounts of 1-hexene and 1-octene, using Ziegler-Natta 

or metallocene catalysts. The resultant structure has a linear backbone, but it has 

short, uniform branches that, like the longer branches of LDPE, prevent the 

polymer chains from packing closely together. Overall, LLDPE has similar 

properties to LDPE and competes for the same markets. The main advantages of 

LLDPE are that the polymerization conditions are less energy-intensive and that 

the polymer’s properties may be altered by varying the type and amount of its 

chemical ingredients [2]. 

3.1.3 Comparison Between Main Types of Polyethylene 

  LDPE LLDPE HDPE 

Polymer Full Name 
Low Density 

Polyethylene 

Linear Low Density 

Polyethylene 

High Density 

Polyethylene 

Structure 

High Degree of short 

chain branching + long 

chain branching  

High Degree of short 

chain branching 

Linear (or Low degree of 

short chain branching) 

Catalyst and process 

Using radical 

polymerization using 

tubular method or auto 

clave method 

Using Ziegler-Natta 

catalyst or metallocene 

catalyst 

Ziegler-Natta catalyst in: 

- Single-stage 

polymerization 

- Multi-stage 

polymerization or a Cr or 

Phillips-type catalyst  

Density 0.910-0.925 g/cm
3
 0.91-0.94 g/cm

3
 0.941-0.965 g/cm

3
 

https://www.britannica.com/science/linear-low-density-polyethylene
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Crystallinity 

Low crystalline and high 

amorphous (less than 50-

60% crystalline) 

Semi-crytalline, level 

between 35 to 60% 

High crystalline and low 

amorphous (>90% 

crystalline) 

Characteristics 

 Flexible and good 

transparency 

 Good moisture barrier 

properties 

 High impact strength 

at low temperature 

 Excellent resistance to 

acids, bases and 

vegetable oils 

As compared to LDPE, it 

has:  

 higher tensile strength  

 higher impact and 

puncture resistance  

 Excellent Chemical 

Resistance  

 High tensile strength  

 Excellent moisture 

barrier properties  

 Hard to semi-flexible 

Recycling Code  

   

General Applications 

Shrink wrap, films, 

squeezable bottles 

garbage bags, extrusion 

moldings, and laminates 

High performance bags, 

cushioning films, tire 

separator films, industrial 

liners, elastic films, ice 

bags, bags for 

supplemental packaging 

and garbage bags 

 Molecular weight 

distribution is 

relatively narrow, has 

applications in 

injection moldings or 

flat yarns, and the 

latter type 

 

 Molecular weight 

distribution is wide, is 

used to make film 

products, hollow 

plastic products and 

pipes 

Table 3.1. 

From plastic containers, bottles, bags to plastic toys; everywhere we look, 

we see most of the plastic items made of polyethylene! It is one of the most 

popular thermoplastic materials available today [2]. 
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3.1.4 Features of polyethylene 

Its corrosion resistance, electrical insulation (especially high-frequency 
insulation) is excellent, can be chlorinated easily, chemical cross-linking, 
irradiation cross-linking modification, available glass fiber reinforced low-pressure 
polyethylene melting point, great rigidity, hardness and strength, high water 
absorption, good electrical properties and resistance to radiation. In higher 
pressure, it has good flexibility, elongation, impact strength and better 
permeability [8]. 

High molecular weight polyethylene impact strength and fatigue resistance. 

Ethylene is suitable for making corrosion resistant parts and insulating parts while 

high-pressure polyethylene is suitable for making films. Ultra-high molecular 

weight polyethylene on the other hand is suitable for making shock absorption, 

wear and transmission parts [8]. 

3.1.5 Polyethylene Processing and Application 

3.1.5.1 Processing 

It can be used in blow molding, extrusion, injection molding and other 

methods of processing, It is widely used in the manufacture of thin films, hollow 

products, fiber and daily sundry goods. In the actual production, in order to 

improve the stability of polyethylene on the oxidation and oxidation, there is the 

need to add a small amount of plastic additives. Commonly used UV absorbers 

are o-hydroxybenzophenone or its alkoxy derivatives. Carbon black is an excellent 

UV shielding agent. In addition, the addition of antioxidants, lubricants and 

colorants so that the scope of application of polyethylene more expanded [8]. 

3.1.5.2 Applications 

Film 

Low-density polyethylene produced by blowing is more than half of the 

film. This film has good transparency and a certain degree of tensile strength and 

is widely used in a variety of food, clothing, medicine, fertilizer, industrial 

packaging materials and Agricultural film. It can also be processed into a 

composite film extrusion method for packaging heavy objects. Since 1975, high-

density polyethylene film has also been developed. It has high strength, low 
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temperature, moisture, good printability and machinability. The use of linear low-

density polyethylene is also made of thin film. Its strength and toughness are 

better than low-density polyethylene. Its puncture resistance and rigidity is also 

good. Although it has poor transparency, but it is still slightly better than high-

density polyethylene. In addition, it can also be processed into paper, aluminum 

foil or other plastic film extrusion coating polyethylene coating, made of polymer 

composite materials [8]. 

Hollow products 

High density polyethylene perfect high strength is suitable for hollow 

products. It can be made by blow molding bottles, barrels, cans, tanks and other 

containers or by casting method into the tank and other large containers. 

Tubesheet 
Extrusion can produce polyethylene tubing. High density polyethylene pipe 

strength is greater and is suitable for underground laying. The extruded sheet can 

be subjected to secondary processing. High-density polyethylene can also be 

made into foam,  and building materials by foaming. 

 Fiber 
China referred it ethylene fiber. Generally it uses low-pressure polyethylene 

as raw materials which is being spun into synthetic fibers. Ethylene is mainly used 

for the production of fishing nets and ropes or spun into short fibers for use as 

flakes. It can also be used for industrial acid and alkali fabric. At present, ultra-

high strength polyethylene fiber (strength up to 3 ~ 4GPa) has been developed 

and can be applied as a composite material for bulletproof vest, automobile and 

offshore operation. 

Sundry goods 

Sundry products produced by injection molding include daily groceries, 

artificial flowers, turnover boxes, small containers, bicycles and tractor parts. 

3.1.6 Bio-based polyethylene 

Main articles: Bioplastics and Renewable Polyethylene 
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Braskem and Toyota Tsusho Corporation started joint marketing activities to 

produce polyethylene from sugarcane. Braskem will build a new facility at their 

existing industrial unit in Triunfo, Rio Grande do Sul, Brazil with an annual 

production capacity of 200,000 short tons (180,000,000 kg), and will produce 

high-density and low-density polyethylene from bioethanol derived from 

sugarcane [88]. 

Polyethylene can also be made from other feedstocks, including wheat 

grain and sugar beet. These developments are using renewable resources rather 

than fossil fuel, although the issue of plastic source is currently negligible in the 

wake of plastic waste and in particular polyethylene waste. 

3.2. Blown film extrusion 

3.2.1 Introduction 

Blown film extrusion is a technology that is the most common method to 

make plastic films, especially for the packaging industry. The process involves 

extruding a tube of molten polymer through a die and inflating to several times its 

initial diameter to form a thin film bubble. This bubble is then collapsed and used 

as a lay-flat film or can be made into bags. Usually polyethylene is used with this 

process, and other materials can be used as blends with these polymers [9]. 

 3.2.2 Polymer Film Blowing: Modeling 

Blown film extrusion is the most important process for the production of 

films from low density polyethylene (LDPE), linear low density polyethylene 

(LLDPE), high density polyethylene (HDPE) and metallocene polyethylene (mPE), 

although several other polymers are sometimes used, including ethylene 

copolymers, propylene copolymers, polyvinyl chloride (PVC), nylon and 

polypropylene homopolymer (Hensen 1997). In this process, the polymer is 

melted in an extruder and the hot melt is pumped through a die to form a thin-

walled tube which is simultaneously axially drawn and radially expanded. In most 

installations, the extruder(s) are horizontal and the blown film bubble is formed 

vertically upward as shown in Figure 4. The bubble diameter at the freeze line is 

https://www.appropedia.org/Plastic
https://www.appropedia.org/index.php?title=Polymer&action=edit&redlink=1
https://www.appropedia.org/index.php?title=Polyethylene&action=edit&redlink=1
https://www.sciencedirect.com/science/article/pii/B0080431526012997
https://www.sciencedirect.com/topics/engineering/blown-film
https://www.sciencedirect.com/topics/physics-and-astronomy/polyethylenes
https://www.sciencedirect.com/topics/engineering/metallocenes
https://www.sciencedirect.com/topics/chemistry/copolymer
https://www.sciencedirect.com/topics/engineering/propylene
https://www.sciencedirect.com/topics/chemistry/poly-vinyl-chloride
https://www.sciencedirect.com/topics/chemistry/poly-propylene
https://www.sciencedirect.com/topics/engineering/homopolymer
https://www.sciencedirect.com/topics/engineering/extruders
https://www.sciencedirect.com/topics/chemistry/hot-melt
https://www.sciencedirect.com/topics/engineering/blown-film
https://www.sciencedirect.com/topics/engineering/bubble-diameter
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usually 1.2 to 4 times larger than the die diameter (blow up ratio, BUR). The hot 

melt is cooled by annular streams of high-speed air from air rings externally and 

sometimes internally [81]. 

3.2.2.1 Markets that blown film extrusion serves are as follows: 

industrial films and bags 

agricultural and construction films 

barrier films 

stretch films 

PVC cling films 

laminating films 

can liners 

high barrier small tube systems. 

Coextrusion to produce multilayer films is a major component of blown film 

production. Production line output goes from 100 pounds per hour (PPH) to 

10,000 PPH. Coextrusion systems can have from two to nine extruders making 2- 

to 17-layer films. If one has a four-extruder system, it is common to make a 

symmetrical seven-layer [ABCDCBA] structure from the four different polymers 

streams. 

3.2.2.2 Procedures of polyethylene film production: 

The process for making polyethylene film and bags is called extrusion. This 

process starts with melting down small plastic pellets, (called resin), until they 

become molten and pliable. 

The molten plastic is pushed, (extruded), through a circular die to form a 

continuous tube of plastic called the bubble. The bubble is inflated with air to the 

desired diameter and drawn vertically up a tower giving it time to cool before it is 

flattened to its lay flat width. The thickness of the film is controlled by the speed 

at which it is pulled from the die. The width of the film is controlled by the 

amount of air inserted in the bubble [9]. 

https://www.sciencedirect.com/topics/engineering/coextrusion
https://www.sciencedirect.com/topics/engineering/multilayer-film
https://www.sciencedirect.com/topics/engineering/extruders
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Film color can be changed in the molten process by adding resin pellets that 

contain colored pigment. 

Many things can be done during this “inline” process. A printing press may 

be printing images, instructions, warnings, company logos, ect.. on the film. A bag 

making machine can seal and perforate the film to form varying lengths of bags 

on rolls. The film can be cut and separated for individually cut bags. You can also 

add vent holes, which are punched through the film in a variety of patterns and 

sizes. 

The inline process has some further processing limitations. If the film 

requires more technical alterations then rolled film will be taken off the extrusion 

line to be further modified in what is known as out of line converting. Here is 

where you see Process printing and laminating, in addition to process of making 

sideweld bags, reclosable bags, and wicketed bags, is done out of line [88]. 

3.2.2.3 The Film Blowing Process 

Typically, blown film extrusion is carried out vertically upwards, however 

horizontal and downward extrusion processes are now becoming more common. 

Figure shows a schematic of the set-up for blown film extrusion. This procedure 

consists of four main steps:  

1. The polymer material starts in a pellet form, which are successively 

compacted and melted to form a continuous, viscous liquid. This molten 

plastic is then forced, or extruded, through an annular die. 

2. Air is injected through a hole in the center of the die, and the pressure 

causes the extruded melt to expand into a bubble. The air entering the 

bubble replaces air leaving it, so that even and constant pressure is 

maintained to ensure uniform thickness of the film. 

3. The bubble is pulled continually upwards from the die and a cooling ring 

blows air onto the film. The film can also be cooled from the inside using 

internal bubble cooling. This reduces the temperature inside the bubble, 

while maintaining the bubble diameter. In the cooling step of blown film 

extrusion, the amorphous, transparent melt crystallizes to form a 

https://www.appropedia.org/Viscous
https://www.appropedia.org/index.php?title=Extruded&action=edit&redlink=1
https://www.appropedia.org/index.php?title=Die&action=edit&redlink=1
https://www.appropedia.org/index.php?title=Amorphous&action=edit&redlink=1
https://www.appropedia.org/index.php?title=Crystallizes&action=edit&redlink=1
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translucent, hazy, or opaque film. The point where opacity begins in the 

bubble is known as the frost line. The frost line height is controlled by 

several parameters: the air flow, film speed, and temperature difference 

between the film and the surroundings. 

4. After solidification at the frost line, the film moves into a set of nip rollers 

which collapse the bubble and flatten it into two flat film layers. The puller 

rolls pull the film onto windup rollers. The film passes through idler rolls 

during this process to ensure that there is uniform tension in the film. 

Between the nip rollers and the windup rollers, the film may pass through a 

treatment centre, depending on the application. During this stage, the film 

may be slit to form one or two films, or surface treated. 

3.2.2.4 The components of a coextruded blown film line are: 

•  resin feed system 

•  extruders 

•  coextrusion die 

•  air ring 

•  internal pressure control for adjusting bubble diameter 

•  collapsing frame 

•  take-up or haul-off roll which set the MD draw 

•  treatment system 

•  winder. 

 

https://www.appropedia.org/index.php?title=Solidification&action=edit&redlink=1
https://www.sciencedirect.com/topics/materials-science/resin
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Figure 3.4. blown film line 

3.2.3 Applications 

The blown film process is used to produce a wide variety of products, 

ranging from simple monolayer films for bags to very complex multilayer 

structures used in food packaging. Multilayer film structures may be made by 

blown film coextrusion and combines two or more molten polymer layers. In fact 

equipment is commercially available to coextrude seven to eleven layers [81]. 

3.2.4 Advantages 

Blown film generally has a better balance of mechanical properties than 

cast or extruded films because it is drawn in both the transverse and machine 

directions. Mechanical properties of the thin film include tensile and flexural 

strength, and toughness. The nearly uniform properties in both directions allow 

for maximum toughness in the film.  

Blown film extrusion can be used to make one large film, two smaller ones, 

or tubes that can be made into bags. Also, one die can make many different 

widths and sizes without significant trimming. This high level of flexibility in the 

process leads to less scrap material and higher productivity. Blown films also 

require lower melting temperatures than cast extrusion. Measured at the die 

opening, the temperature of cast film is about 220°C, where as the temperature 

https://www.sciencedirect.com/topics/engineering/monolayer
https://www.sciencedirect.com/topics/engineering/multilayer-structure
https://www.sciencedirect.com/topics/engineering/multilayer-structure
https://www.sciencedirect.com/topics/engineering/multilayer-film
https://www.sciencedirect.com/topics/engineering/coextrusion
https://www.sciencedirect.com/topics/materials-science/molten-material
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of blown film is about 135°C. Furthermore, the cost of the equipment is 

approximately 50% of a cast line [89]. 

 

https://www.appropedia.org/index.php?title=Cast&action=edit&redlink=1
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4.1.  Definitions 

The American Society for Testing and Materials (ASTM) and the 

International Organization for Standardization (ISO) define: 

a) Degradation as “An irreversible process leading to a significant change of the 

structure of a material, typically characterized by a loss of properties(e.g. 

integrity, molecular weight, structure or mechanical strength) and/or 

fragmentation. Degradation is affected by environmental conditions and proceeds 

over a period of time comprising one or more steps” [02, 02]. According to the 

ASTM definition [00]. 

b) Biodegradable plastic is “A degradable plastic in which the degradation results 

from the action of naturally occurring microorganisms such as bacteria, fungi and 

algae” 

The European Committee for Standardisation (CEN, for Comité Européen 
de Normalisation) has established the following definitions, in TR 15351:  

1. Oxo-degradation is degradation resulting from "oxidative cleavage of 
macromolecules";  

2. Oxo-biodegradation is "degradation resulting from oxidative and cell-mediated 
phenomena, either simultaneously or successively.  

With regard to definition 2, an oxo-biodegredable polyolefin plastic file (e.g. 

polyethylene, polypropylene, and all their combinations), incorporating a catalyst 

that ensures fast oxidative cleavage of its macromolecules, will become 

biodegradable by cell-mediated phenomena (bacteria and fungi) in the 

environment and much more quickly than conventional ordinary plastic. 

 

 

https://en.wikipedia.org/wiki/Polyolefin
https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polypropylene
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Two principal types of commercially viable biodegradable plastics have 

been developed and are finding a variety of applications in many mercantile 

segments and consumer products: 

1) Oxo-biodegradable polymers and hence relevant plastic items, for which 

degradation is the result of oxidative and cell mediated phenomena, either 

simultaneously or successively; 

2) Hydro-biodegradable polymers and hence relevant plastic items, for which 

degradation is the result of hydrolytic and cell-mediated phenomena, either 

simultaneously or successively. 

4.2.  OXO-degradation process 

The first process of degradation in OXO-treated plastic is an oxidative chain 

scission that is catalyzed by metal salts, leading to oxygenated (hydroxylated and 

carboxylated) shorter-chain molecules. 

Oxo-degradable plastics—which are made from polymers such as 

polyethylene (PE), polypropylene (PP), or polystyrene (PS)—contain a 

prodegradant catalyst—often a salt of manganese or iron, and are tested in 

accordance with ASTM D6954 or BS8472, or AFNOR Accord T51-808, as to their 

ability to degrade and then biodegrade in the open environment. The 

prodegradant catalyzes the abiotic degradation process so that Oxo-

biodegradable plastic will degrade in the presence of oxygen much more quickly 

than ordinary plastic.  

The plastic material has then been converted into small-chain organic 

chemicals, such as ketones, alcohols, carboxylic acids, and low molecular mass 

hydrocarbon waxes. 

4.3.  Oxo-biodegradable polyethylenes 

The feasibility of producing environmentally degradable and low cost 

plastic items from polyolefins is dating back to the last decades of the 20th 

century. In this period, in fact, the potential abiotic degradability and eventually 

https://en.wikipedia.org/wiki/Oxidative
https://en.wikipedia.org/wiki/Chain_scission
https://en.wikipedia.org/wiki/Chain_scission
https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Salt_(chemistry)
https://en.wikipedia.org/wiki/Hydroxyl
https://en.wikipedia.org/wiki/Carboxyl
https://en.wikipedia.org/wiki/Polyethylene
https://en.wikipedia.org/wiki/Polypropylene
https://en.wikipedia.org/wiki/Polystyrene
https://en.wikipedia.org/wiki/Salt_(chemistry)
https://en.wikipedia.org/wiki/Manganese
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/ASTM
https://en.wikipedia.org/wiki/AFNOR
https://en.wikipedia.org/wiki/Catalysis
https://en.wikipedia.org/wiki/Abiotic_component
https://en.wikipedia.org/wiki/Ketone
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Carboxylic_acid
https://en.wikipedia.org/wiki/Wax
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the ultimate biodeg3+radability started to be considered as a positive attribute 

for several applications, particularly in packaging and agricultural market 

segments [3, 21]. 

On the other hand, in the meantime the recalcitrance of commercial high 

molecular weight polyolefins to environmental degradation and biodegradation 

was generally accepted. This was in particular recognized by observing the 

extremely low degradation rate of polyethylene in natural environments. It was 

therefore assumed that the resistance of PE to biological attack resides in its 

peculiar structural features, as well as in the presence of antioxidants and UV 

stabilizers that refrain macromolecules from abiotic oxidation and following 

fragmentation to oxygenated moieties [2, 23].  

High molecular weight, hydrophobicity and lacking of functional groups 

recognizable by microbial (i.e. hydrolytical) enzymes represents structural 

parameters which greatly hamper the action of microorganisms. In solid PE items, 

macromolecules are densely aligned in semycrystalline structures, so very limited 

free chain ends are available for enzymatic oxidation eventually only at the 

surface The slow rate of biodegradation can be at least partially attributed also to 

the presence of antioxidants. In accordance, it was observed that antioxidants 

free polyethylene films were at least susceptible to bio-erosion, whereas under 

the same conditions control films containing the antioxidant resulted completely 

inert to the action of microorganisms [2, 23]. 

 

4.4  major strategies to enhance the degradation of PE 

Taking into account these evidences, major strategies to enhance the 

environmental degradation and biodegradation of PE have been historycally 

focused on: copolymerisation with functional monomers including carbon 

monoxide, blending or grafting with functional polymers and compounds 

respectively, and ultimately addition of prooxidant additives [03]. 
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4.4.1.  Copolymerisation 

Copolymerisation has been traditionally carried out in order to introduce 

UV-absorbing groups capable to enhance the photo-oxidation process. In this 

connection carbonyl groups can be incorporated into the PE main chains by the 

copolymerization of ethylene with carbon monoxide [01, 02], or in the side chain 

as by copolymerization with vinyl ketones which are commercialized under the 

Ecolyte trade name.  

These materials usually have no induction periods and can be used mainly 

in short term applications. 

 

4.4.2.  Prodegradant systems 

More recently, a strategy has been introduced as aimed at using prooxidant 

additives for a controlled oxidative breakdown of polyhydrocarbons into 

fragments vulnerable to microorganism. This is based on the use of pro-oxidants 

additives and it has been suggested that this alternative may provide a more 

efficient control of the shelf life, service life and degradation rate of the 

reengineered polyolefins in several applications [03]. 

4.4.2.1. Organic salts of transition metals 

Most of these compounds are based on organic salts of transition metals 

active in “one electrontransfer” process between two oxidation states. 

Several polymer soluble metal carboxylates and acetylacetonates of Co3+, 

Fe3+ and Mn+3are very effective photo-prooxidants capable to initiate the 

degradation process through the metal salts photolysis and/or thermolysis to give 

the reduced form of the metal ion and a free radical under UV irradiation [ 

                 ]. The anion radical promote a fast hydrogen abstraction 

from the polymer and the relevant formation of hydroperoxide. Afterward the 

general radical oxidation mechanisms of the polyeolefins is thought to proceed 
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being enhanced by the usual redox reactions between hydroperoxides and metal 

ions                        ]. 

In an other case the properties of many metal complexes containing 

sulphur as a ligand play an opposite role acting either as photo or thermal 

stabilizer and as sensitizer after an induction period. Dithiocarbamates and 

dithiophosphates (Scheme 4.1) are the principal representatives of this class of 

additives that exert the antioxidant effect by decomposing hydroperoxides by an 

ionic mechanism [23, 14]. After that, however, the ligand is destroyed, thus 

releasing free transition metal ions which start to behave as pro-oxidant 

according to the above cited mechanism. Hence antioxidant and photosensitizer 

properties are both present in the same compound. 

 

 

 

Scheme 4.1. Structural formulas of dithiocarbamates and dithiophosphates 

 

This evidence constituted the basis of the development of a well known 

class of photodegradable polyethylenes having a defined and controlled induction 

period initially started by Scott and further refined in collaboration with Gilead in 

order to finely control the lifetime before the photooxidation commences. This 

has been accomplished by using two component systems in which the length of 

the induction period is controlled by one metal thiolate and the rate of 

photooxidation by a second. The most representatives of this class of “delayed 

action” photosensitizer are the Fe(III) dithiocarbamates and dithiophosphates [04, 

15]. 
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The so-called “Scott-Gilead” technology led to the commercialization of 

several photodegradable polyethylenes especially devoted to applications in 

agricultural segments, such as mulching films, which requires a well defined 

induction period before the starting of the photodegradation process. 

A different system, even constituted by a combination of a photosensitizer 

and a photoantioxidant was developed by Allen, by using anthraquinone and 

Tinuvin 770, respectively [05]. 

 

4.4.2.2. Transition metal carboxylates pro-oxidant additives 

An other class of pro-oxidant additives is represented by compounds 

capable to induce the oxodegradative process of polyolefins by absorbing energy 

as heat. Also this class of additives is based on the activity exerted by transition 

metal ions typically added to the final product in the form of fatty acid salts or 

acetylacetonate complexes. The most employed cations are Mn2+ and Co2+. 

Instead of Fe3+ complexes which play a major role in photo-oxidation processes, 

Mn2+ and Co2+ are needed to accelerate the radical chain reactions of polyolefin 

oxidation through the formation and decomposition of hydroperoxides and 

peroxides as induced by energy (heat and/or light) absorption [00, 06]. 

The mechanism of oxidative degradation of polyethylene catalysed by 

transition metal ions has been recognized as a sequence of free radical chain 

reactions. As a typical example, cobalt stearate in carbon chain polymers 

containing when exposed to energy absorption is susceptible to transfer one 

electron in the 3d cobalt subshell of atoms leading to the formation of carboxylic 

acid free radicals that easily decarboxylates to form alkyl radicals [20]. These 

latter does react with carbon backbone macromolecules, thus promoting the 

formation of macroradicals especially in the presence of tertiary carbon atoms, 

susceptible to produce hydroperoxides in the presence of oxygen (Scheme 4.2). 
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Scheme 4.2. Radical chain reactions in polyolefins catalyzed by metal carboxylates 

 

 

Nowadays, several prooxidant formulations are sold under different trade 

marks. containing either photo- or thermal or both pro-oxidants constituted by 

organic ligands with transition metal ions. 

The effectiveness of Cobalt stearate in promoting the accelerated thermal 

oxidation of LDPE films has been also recently confirmed [32]. Indeed, an huge 

increase of Melt Flow Index (MFI) as a consequence of massive chain scissions 

was observed after 100 hours thermal ageing at 70°C of LDPE films containing 0.1-

0.3% Cobalt stearate. Significant decay of mechanical properties, such as 

elongation at break, and MFI increase were also recorded when the same films 

were submitted to UV exposure. 

In accordance, cobalt stearate can be considered to be effective in 

promoting both photo and thermal oxidation of LDPE. Nevertheless, largest 

degree of oxidation were observed during the thermal aging, thus suggesting 

once more that Cobalt organic salts are more suitable thermal pro-oxidants for 

polyolefins. 
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In addition, rate and extent of oxidative degradation were positively 

correlated with the content of Cobalt stearate. 

The effectiveness of Cobalt organic complexes has been also investigated 

either as a function of the type of organic ligand, as well as of the aging conditions 

(photo or thermal exposure). It is known, in fact, that the catalytic activity is 

depending upon the valence and ionic bonding, as well as on the possibility to be 

intimately miscible blending with polymer chains at molecular level [30]. 

In other studies, the effect of carboxylate chain lengths (laurate, palmitate 

and stearate) as organic ligands for Cobalt ions as photo-sensitizers was 

investigated. LDPE films containing 0.05-0.2% of each type of cobalt carboxylates 

were prepared and tested under UV exposure, by using FTIR spectroscopy, 

mechanical testing and molecular weight determinations as analytical tools [33]. 

It were therefore monitored to show that the oxidative degradation increased 

with the increase of the chain lengths of carboxylates residue. Therefore, beside 

the content of cobalt, during the photo exposure higher levels of degradation as 

detected by the MFI assessment were obtained with cobalt stearate, followed by 

palmitate and laurate. It was therefore suggested that the efficacy of Cobalt metal 

complexes in affecting the rate and extent of photo-oxidation of LDPE films is 

related to the length of carboxylate residues. This feature can be attributed either 

to the higher thermal stability of stearate during the LDPE processing, as well as 

to the better miscibility of longer carboxylate groups within the LDPE matrix. 

Taking into account the intrinsic capability of carboxylic acid polymers, such 

as Ethylene-co-Acrylic Acid (EAA), as well as those of styrene based polymers in 

inducing the photo/thermal oxidation of polyethylene, the capability to accelerate 

the oxidative degradation of LDPE films as mediated by synergistic effect of 

cobalt/polymeric complexes has been investigated. 

The capability of hydrogen abstraction from acidic groups by peroxy 

radicals, as well as the light absorbing cromophores of styrene [33]. 

Films containing Cobalt stearate pro-oxidant underwent to an extensive 

oxo-degradation under both thermal and UV-exposure 
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Cobalt stearate, was found to promote the fragmentation of LDPE films 

even in soil burial tests carried out at ambient temperature for 12 months. 

In the case of Manganese stearate, the effectiveness in promoting the 

oxidation process of polyolefin matrix as a function of aging conditions has been 

also evidenced. In particular, Mn organic salts were found to induce a fast and 

substantial drop in the LDPE molecular weight when submitted to thermal aging 

[31]. 

4.4.2.3. Aromatic ketones 

Aromatic ketones (Scheme 4.3), such as benzophenone, represents active 

photoinitiators for several polymers. Since the early ninetysixties, it was 

established that benzoin and benzophenone can be used to sensitize the 

formation of singlet oxygen through different steps including light absorption by 

carbonyl groups [32].  

Recently, the role of benzyl has been investigated as photo-prooxidant for 

LDPE films in combination or not with cobalt stearate under exposure to sun light, 

artificial wheatering and thermal aging [33,34]. 

 

 

Scheme 4.3. Aromatic ketones as photosensitizers 

On the contrary the effectiveness of cobalt stearate alone or in 

combination with benzyl in promoting the oxidation and fragmentation of LDPE 

films was observed during both thermal and light exposure treatments [35,36]. 
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Scheme 4.4. Photooxidation of polyolefins when exposed to the light in the 

presence of aromatic ketones 
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4.4.2.4. Polymeric additives 

The feasibility to enhance or at least to control the effect of metal 

complexes (e.g. pro-oxidant catalyst) on the rate and extent of polyolefin 

oxidation, by employing polymeric additives, constitutes an other topic which has 

been investigated for the preparation of oxo-degradable full carbon backbone 

polymers [12]. 

Polymeric additives, based on matrices of synthetic and natural origin, have 

been used and their role has been investigated. It is known that the most 

frequently used pro-oxidants are aliphatic salts of transition metals such as Zn, 

Cu, Ag, Co, Ni, Fe, Mn, Cr. Usually, the final formulation of pro-oxidant additives 

also contains an auto-oxidable substance such as unsaturated or polyunsaturated 

compounds. These last materials are thought to facilitate the oxidation of less 

reactive saturated carbon chain polymers, being very prone to auto-oxidation. In 

addition, they may improve the mechanical properties of environmentally 

degradable polyolefins. As an example, styrene-butadiene (SB) copolymers have 

been extensively utilized in polyethylene/starch blends with the aim to 

compensate the deterioration of mechanical properties provoked by the addition 

of the natural filler [12,10]. 

 

Addition of small amounts (2.5-5.0% by weight) of MBS to LDPE films 

additivated with Co-stearate (0.1% by weight) greatly enhanced the film 

degradation. In particular, both the rate and extent of oxidation, as determined 

by the carbonyl index, were increased by increasing the amount of MSB used in 

the preparation of LDPE blends, thus obtaining materials that were heavily 

disintegrated in short time [10]. 

As a degradation polymeric promoter, partially oxidized polyethylene (OPE) 

has also been recently utilized and tested in the preparation and characterization 

of photo-degradable LDPE films. Films containing different amounts (0.5-5% by 

weight) OPE were prepared by blown extrusion, by using a thermally preoxidized 

(100°C for 12 h) LDPE sample containing 0.1% cobalt stearate as pro-oxidant. 
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LDPE films containing OPE were exposed to UV-B irradiation up to 600 h in 

comparison with an additive-free sample. During the aging test, the effectiveness 

of OPE to promote the oxidative degradation of the virgin LDPE matrix was 

ascertained by monitoring of different parameters such as MFI, intrinsic viscosity 

and carbonyl index. A relationship between the amount of OPE and the extent of 

degradation of LDPE film samples was then established. It was therefore 

suggested by the authors that the initiation of photooxidation might be attributed 

to the presence of oxidized functional groups, particularly carbonyl groups, 

present in OPE [13]. 

These groups were thought to promote the oxidation of virgin LDPE 

polymer matrix in accordance with Norrish type I and II reactions, involving the 

oxidative cleavage of macromolecular chains after UV absorption by carbonyl 

chromophores. In spite of these suggestions, it can not be excluded at all also the 

activity exerted by the residual content of cobalt stearate in an active state 

coming from OPE [34].  

4.5.  Rate of the oxidant additives 

The pro-oxidant additive is incorporated into the polymer chain and 

represents approximately 1–5% of the polymer molecular weight. These pro-

oxidants are based on combinations of metal ions of similar stability and oxidation 

number, for example, Co+2/Co+3, Mn+2/Mn+3, Fe+2/Fe+3 and TiO2. 

The length of the useful life of an oxo-biodegradable plastic product is 

determined by the type of resin used, the type and concentration of catalyst, the 

stabilisation package in the additive formulation, temperature and UV. 

4.6.  Features of oxo-degradation 
- Low cost. It is inexpensive. Manufactured using the same machinery and 

equipment as conventional plastics.. 

- Significantly, does not need a biologically active environment to start 

degrading - this will happen even if the plastic is left in the open air or in 

the sea! This is very important if we are to address the serious litter 

problems caused by waste plastic. For this reason in particular, ‘oxo’ plastic 

https://context.reverso.net/%D8%A7%D9%84%D8%AA%D8%B1%D8%AC%D9%85%D8%A9/%D8%A7%D9%84%D8%A5%D9%86%D8%AC%D9%84%D9%8A%D8%B2%D9%8A%D8%A9-%D8%A7%D9%84%D8%B9%D8%B1%D8%A8%D9%8A%D8%A9/inexpensive
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is preferable to ‘hydro-degradable’ e.g. starch-based plastic, which requires 

an active bio-environment before degradation will work. 

- Recyclable – can be recycled with conventional polymer  and can be made 

with recyclate. 

- Suitable for food contact according to FDA & EU food contact regulations. 

- OXO-degradable products do not degrade immediately in an open 

environment because they are stabilized to give the product a useful 

service-life, during which they do not break down.  

- In oxo-biodegradable plastics, there are anti-oxidants mixed with the resins, 

and they must be consumed before degradation starts. People sometimes 

do not understand this sequence. An induction period must therefore 

elapse before degradation starts, due to the presence of the anti-oxidants, 

which have been included to give the product a pre-determined service-life. 

- Have similar physical and mechanical properties as conventional plastics 

prior to the onset of degradation. 

4.7.  Single-use oxo-plastic Applications 

Examples include: 

• Bags: carrier or shopping, courier & parcels, garbage 

• Plastic covers for secondary packaging 

• Stretch films 

• Cling films 

• Wrap films for flower and other BOPP films 

• Bin liners 

• Bubble wraps 

• Disposable personal care products: gloves, shoe covers, shower caps, 
aprons 
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• Packaging bags: fresh fruits and vegetables, bread and bakery products 

• Plastic cutleries: spoons, forks and knives 

• Disposable food trays and food containers  

• Packaging for disposable hotel amenities: bottles and caps for shampoos, 
conditioners and lotions 

 

Figure 4.1. examples of polyethylene packaging 
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Figure 4.2. Fields of application of plastic materials and polymer types predominately used in 

packaging. The respective share of the different polymers is derived from a graphic illustration 

of the polymeric composition of plastic packaging in Europe [11]. Abbreviations used: LDPE 

(low-density polyethene), PP (polypropene), HDPE (high-density polyethene), PET (polyethylene 

terephthalate), PVC (polyvinyl chloride), PS (polystyrene), PA (polyamide). 

•  Agriculture and Horticulture 

Oxo-biodegradable plastic has useful applications in agriculture and 

horticulture. 

For many years farmers and growers have used plastic sheets to wrap 

silage, protect their crops and inhibit weeds, but after the crop has been 

harvested many thousands of square kilometers of dirty plastic have to be 

removed and disposed of. 

This is a very expensive process, and creates huge quantities of 

contaminated waste, which cannot be burned or recycled into useful 

products[22]. 

Oxo-biodegradable plastic sheets can however be programmed at 

manufacture to degrade soon after the harvest.  The degraded material can then 
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be ploughed into the soil where it completes the bio-degradation process and 

becomes a source of carbon for next year’s plants. 

Oxo-biodegradable plastics have been used as protective films in 

agriculture in many countries (including USA, China, Japan and the EU).  They are 

applied to the land in the same way as straw to retain moisture and to increase 

root temperatures [22]. 

 

Figure 4.3. Stage 1 

Mulch film protects the crop during the growing season. 

 

Figure 4.4. Stage 2 

After its useful life, the mulch film becomes brittle and breaks down. 
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Figure 4.5. Stage 3 

After harvest, the degraded mulch film is easily tilled without interference with 

soil. 

 

Figure 4.6. Stage 4 

Degraded mulch film biodegrades in soil and does not leave any harmful residues. 

The field is now ready for the next crop. 

 

 



 

 

 

Chapter five 

Conclusion and Recommendation 
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Chapter five 

5.1 Conclusion: 

            Using oxo-degradable technology is the indeed effective way to reduce the 

accumulation of plastic waste in the environment, and that by facilitating very 

significantly speedier degradation than is the case of conventional plastics under 

the same conditions. 

5.2. Recommendation: 

    -     It is recommended a study on the development and facilitation of test 

methods to give accurately and realistically predict to the degradability of plastic 

bags in oxidation and biodegradation phase. 

    -    Study more broadly toxicity testing and study for the potentially adverse 

ecological impacts of plastic additives and polymer degradation products. 
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