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What is plastic?
Plastic is one of the most common material that w come across and use in our every day life. This ranges from water bottles to hair combs to pens, their use is almost infinite. But what are the different types of plastics? There are seven different types of plastics which include:”
· Polyethylene Terephthalate 
· High-density Polyethylene
· Polyvinyl Chloride 
· Low-density Polyethylene 
· Polypropylene
· Polystyrene 
· Miscellaneous plastics (includes: polycarbonate, polylactide, acrylic, acrylonitrile butadiene, styrene, fiberglass, and nylon)” - (Bahraini and Bahraini), 2020)

However, nor all of these are recyclable. “ In the UK it is estimated that five million tonnes of plastic is used every year, nearly half of which is packaging. The UK Government publishes regular statistics on the amount of plastic packaging produced” - (Smith, 2020) Therefore, we must do everything we can to try and limit the amount of wastage.

The Issues with plastics:

There are many environmental issues with waste plastic, they get into water courses and end up out at sea which are then ingested by many varieties of wildlife species. It is reported that 111 species of sea birds are known to ingest coloured plastic which is mistaken for food. This then in turn causes a build-up of plastic in the bird’s gut which cannot be digested or regurgitated. 

There are three main types of plastics these are:
· Thermosetting plastic 
· Thermoplastic 
· Elastomers 

These three different types have different properties which then enables them to be used in different circumstances.
Thermosetting Plastic:

‘A thermosetting plastic is a polymer that irreversibly becomes rigid when heated. Initially, the polymer is a liquid or soft solid. Heat provides energy for chemical reactions that increase the cross-linking between polymer chains, curing the plastic. The rate of curing may be increasing in many cases by increasing pressure or by adding a catalyst.’ - (Thermosetting Plastic Definition, 2020)

Thermo Plastic:

‘Thermoplastics have a simple molecular structure comprising chemically independent macromolecules. Upon heating, they are softened or melted, then shaped, formed, welded, and solidified when cooled. Multiple cycles of heating and cooling can be repeated, allowing reprocessing and recycling.’ - (Thermoplastics :: PlasticsEurope, 2020)

Elastomeric Polymer:

‘Elastomers (rubbers) are special polymers that are very elastic. They are lightly cross-linked and amorphous with a glass transition temperature well below room temperature. They can be envisaged as one very large molecule of macroscopic size. The intermolecular forces between the polymer chains are rather weak. The crosslinks completely suppress irreversible flow but the chains are very flexible at temperatures above the glass transition, and a small force leads to a large deformation.’ -  (Elastomers, 2020)
[image: Thermoplastic - Definition and examples of thermoplastic]
· (Thermoplastic - Definition and examples of thermoplastic, 2020)
Properties of Plastics: 

There are many beneficial properties of plastic in which make them a great material to work with in general. These properties enable us to use plastics in a variety of application in the construction from drainage pipes to light switches. 

One advantageous property of plastic would be that its density is much less than a metal of similar size and shape, which makes it very useful when weight reduction is necessary. Furthermore, plastic has a very high resistance to moisture which enables to be a great product for drainage pipes and mechanical pipe work. Due to its high resistance to water, it can also be used as a waterproofing agent on roofs and in basements. 

 Another property of plastic would be that it has fire resistance. ‘Plastics, being organic in nature, are combustible. But the resistance to fire temperature depends upon the plastic structure.
· Cellulose acetal plastics burn slowly.
· Polyvinyl chloride (PVC) plastics are non-inflammable.
· Phenol formaldehyde and urea formaldehyde plastics are used as fire proofing materials.’ - (10+ GENERAL PROPERTIES OF PLASTIC AS A CONSTRUCTION MATERIAL - CivilBlog.Org, 2020)

Plastic also have properties which enables them to be resistant to chemicals and solvents. They also contain properties which enables them to be resistive to corrosion. Due to make up of plastic, it makes it to be a very ductile materials to work with. This enables plastic to be drawn out and works well under a tensile strength. 

Plastic in the Construction Industry:

There are many cases in which plastic has played a major part of construction projects. The first example could possibly be used on most if not every earthworks project would be ‘GeoGrid’. There are two types geotextiles, they would be ‘non-woven’ and ‘woven’. This is used to stabilise banks, and is also used to make solid bases for roads or platforms. 

The second of many cases where plastic is used in construction projects would be the construction of the millennium dome. The domes cladding is made from PTFE-coated fibre glass. Furthermore, another major construction project that has used a plastic as a major material is the Burj Al Arab hotel in Dubai. This is a 7-star hotel in Dubai which is clad in PTFE. Not only was it used for a functional purpose but also as an aesthetical one as well. The use of PTFE was use to resemble the sail of a traditional Arab sailing vessel. 

The use of waste plastic in road construction:

The use of waste plastic in or as a road surface is a fairly new and innovative idea. Being that currently no road has been constructed entirely from waste plastic there are companies out there both nationally and internationally who have either substituted aggregates from a non-recyclable plastic or are using it as a binder modifier.
The issue of waste plastic is a concern both at home and abroad, with companied both nationally and internationally trying to make a progress with using non-recyclable plastics in road construction. There are cases in the UK, India, Ghana, Ethiopia and The Netherlands. All of these countries are trying to help the planet by finding uses for non-recyclable plastics. 
The UK: 
MacRebur a Scottish company have developed an asphalt with incorporates waste plastic in its make up. The companies asphalt incorporates waste plastic instead of the more traditional bitumen. ‘This is being used by Durham County Council in the UK for resurfacing a section of A689 near Sedgefield and for resurfacing runways and taxiways at Carlisle Airport in the UK.’- (2020) 

‘The UK government recently announced the investment of £23 million into plastic road technologies by setting up real-world tests across eight local authorities (Buckinghamshire, Bedfordshire, Cumbria, Staffordshire, Kent, Reading, Suffolk, Solihull and Birmingham) (Department for Transport, 2019). A portion of this funding, approximately £1.6 million, will be used to extend an existing road in Cumbria that is built from recycled plastic mixed with asphalt. This project also aims to produce a guidance document for the design and specifications of plastic asphalt (Department for Transport, 2019). ‘- (2020)

The Netherland:
‘A 30-metre cycle path entirely built from prefab, modular and hollow blocks manufactured from recycled plastic is operational in the Zwolle municipality in the Netherlands (PlasticRoad, 2018). A second such bicycle path is under construction in the Steenwijkerland municipality (PlasticRoad, 2018). The concept was developed by a consortium of KWS (a VolkerWessels company), Wavin and Total, who are currently working on the development of plastic roads for wider applications (PlasticRoad, 2018).’- (2020)

Indian:
‘India is the country where there appears to be the most experience with using waste plastics in road construction. India has promoted the use of waste plastic in bituminous mixes for the construction of its national highways and rural roads, and has approved it as a default mode of periodic renewal with hot mixes for roads.’- (2020)
Since 2002 in India waste plastic has been used in the construction of roads, and with reports showing that they have been a success with no evidence of potholes, ravelling and signs of rutting after 10 years of use. The usual cause of these defects would be that there is a poor between the aggregates and the bitumen. However, as plastic-coated aggregates bind better with the bitumen it enables it to be stronger than your traditional construction techniques. 


Construction Method:
There are two main processes of the manufacturing of asphalt in which non-recyclable can be incorporated. These two processes are a ‘dry process’ and a ‘wet process’. Out of the two the dry process is a more economical way.

Wet Process: 
[image: Using waste plastics in road construction]‘In the wet process, the processed waste plastic in powder form is added to the hot bitumen. The powdered waste plastic is directly mixed with bitumen before adding them to the aggregates. It has to be ensured that there is an even mix of plastic and bitumen, and the temperature range for this method is 155C to 165’- (2020)
Dry Process:
‘In the dry process, the processed waste plastic is shredded and added to the hot aggregate. The Indian Road Congress and National Rural Roads Development Agency indicates that the shredded waste plastic size should preferably be 2-3 mm for better spread and coating on the aggregate. Dust and other impurities should not exceed 1%. The shredded waste plastic is then added to the aggregates that are heated to 170oC. The shredded waste plastic softens and melts to form a coating around the aggregates. The bitumen is also heated to 160oC and the plastic-coated aggregates are then mixed with bitumen and used for road construction. ‘- (2020)
The Scottish company MacRebur have a slightly different approach in which they convert the waste plastic into a pellet form which then gets added to the bitumen mixture. The mixture is then heat to around 170c, in this heat then the plastic pellets melt into the mixture. 
The Practically:
One of the first questions which may come to mind is how practical is it to use waste plastic in road construction? The process it seems not that much different from your more traditional asphalt. There are both pros and cons with plastic in road construction in mind. 

‘Pros:
· Road strength is increased
· Road construction costs are decreased
· Waste plastic is no longer a problem
· Plastic roads could have a hollow space to allow for pipes, wiring etc
· Plastic roads could be heated which could prevent them from freezing and also evaporate surface water
· Plastic roads are manufactured in interlocking sections which are easily assembled or disassembled

Cons:
· Roads made of pure plastic, when melted can cause structural weaknesses
· The plastic can breakdown into microplastic particles which could make their way into the soil and waterways’ – (Pretorius, 2020)

With both these pros and cons in mind you can see that there are more pros than cons. I would say that the number one advantage would be that you are using up waste/ non-recyclable plastic and putting them to use in beneficial products which is asphalt. Further to that, another excellent advantage of having plastic in the highways would enable us to heat the road surface, which as stated would prevent the roads from freezing over. This would prevent some serious road traffic collisions; this would be highly beneficial for Scandinavian countries and such alike who have sub-zero temperatures in winter causing roads to freeze. In addition, there would be an increase in the strength of the road, which could potentially lead to roads lasting for longer and therefore require less maintenance over the years. 



Conclusion:

In conclusion, I believe that any form or method to use/ reduce waste plastic is highly worthwhile. I believe this because due to the amount of plastic we produce not just in the UK but globally is extreme and with that vast amount of plastic being produced, consumed and used there comes a huge amount of wastage with it. 
Furthermore, the use of waste plastic in asphalt is a revolutionary idea. Where you take a product that is widely used all across the world and then add a ‘waste product’ or ‘non-recyclable’ product, which then improves the product is a ‘win-win’ situation. Furthermore, by adding plastic to the asphalt you are possibly creating a product that will last much long than it would’ve originally. By this then you would be helping the environment further.

Looking at the other advantages I also believe that companies who produce asphalt could easily adapt their current processes to accommodate the waste plastic into the finished product. I believe that in the future more companies will adopt this to use us the waste plastic that is building up.
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