
THE REBIRTH OF BOTTLESSTUDENTS:
Frau Lorenzo
Orlacchio Federico 
Ventura Alice

Electif S8 
Polymer materials: 
physical properties 
and innovation

A.Y. : 2019-2020

PROFESSORS:
Brulez Anne-Catherine
Contraires Elise 
Dubreuil Frédéric 
Salvia Michelle 

PET VERGIN & RECYCLED - General properties

ABSTRACT - CIRCULAR ECONOMY

Polymers between myth and reality: recycling of plastic 
bottles

The circular economy is an economic philosophy that deals with the impact that all actors of the system, companies, consumers and governments, have on the environ-
ment with the objective of reducing the consumption of raw materials and energy: this can be achieved through an improvement and responsible consumption of objects. 
Nowadays, the circular economy imposes itself as an immediate necessity due to the increase in demand for raw materials to satisfy a constantly growing world popula-
tion and due to the very decrease in primary resources, also due to their location in the world. The circular economy is a system in which the value of products and materials 
is maintained for as long as possible: waste is minimised and resources maintained in the economy in order to reutilise its several times and create further value. It is there-
fore an economy in which growth is decoupled from the use of exhaustible resources. It is a system designed to regenerate itself: materials of biological origin must re-en-
ter the biosphere, while materials of technical origin are designed to circulate within the flow, without losing quality. Of course, this innovative economic system applies to 
all spheres of our life and we will describe how the recycling of PET bottles fits perfectly into the model. In fact, the transition from a linear economy to a circular economy 
also involves recycling plastic and, specifically, PET. In the following we describe the complete system of PET bottle recycling, starting from the arrival of waste at the 
recycling centre to the end product partially recycled.

PET is a cheap thermoplastic material and it has the mayor recycled percentage between all polymers 
(~ 22%). The break stress and the Young’s modulus are different between the two materials, because the 
average molecular weights were calculated using the intrinsic viscosity approach.  The presence of smal-
ler polymer chains, due to the polymer degradation can cause a decrement of the crystallinity, which has 
a significant influence on the mechanical properties. Therefore, the fibers with lower average molecular 
weight may show lower break elongation, higher Young’s modulus and a lower breaking stress. The diffe-
rence in flow index is caused by the hydrolytic degradation that the extrusion process produced on the 
recycled PET; therefore, an increase in the melt flow is an indicator of the extent of the thermo-mechanical 
degradation. The surface morphology of the virgin fibers consists of smooth cylindrical fibers. The visco-
sity of PET polymer has a significant impact on the fiber diameter than any other process variable.

Furthermore, while virgin fibers  show a lower diameter, it is possible to obtain a bigger diameter in 
recycled PET. This is due to the lower flow mass of the virgin PET at the process temperature, is caused 
principally by the lower flow index of the raw material in comparison to the recycled material. Additionally, 
the surface of virgin fibers has lower defects and higher shining than those obtained for the recycled ones. 
In the thermograms reported in the upper figure, it is shown a degradation of R-PET(b), that happens at 
lower temperature than V-PET(a)  due to the thermal history of the material and possible residual impuri-
ties in the samples. The mass loss of PET is attributed to the polymer degradation process involving a 
random scission of ester links in the main chain resulting in the formation of different oligomers. The 
curve shows 85 wt.% loss in the case of V-PET and 88 wt.% loss in the case of R-PET at their respective 
end set temperatures.

Given the importance, for the environment and for our future, of reducing plastic production worldwide, the aim of our poster has been to overturn a 
widely diffused idea among the public: the PET recycling process is extremely complex and expensive. Therefore, we started from the circular eco-
nomy, and then we went deeper into the different phases of PET recycling, trying to be at the same time exhaustive and understandable in the expla-
nation. Furthermore, the objective must be to minimize the manufacture of new products and reuse existing ones as much as possible in order to mi-
nimise our impact on the planet. From this point of view, our work shows that the PET recycling process is not an unattainable myth, but rather a reali-
ty to be spread worldwide, thus reducing the production of virgin plastic.

With the aim of improving the process as a whole and dispelling the myth that plastics are not recyclable, we propose three 
possible guidelines to ameliorate this key process for our society: firstly, increase the percentage of recycled PET in each 
bottle and make the whole process more efficient in terms of total costs and energy resources consumed. Secondly, raise 
public awareness both of the quality of recycled bottles and of the importance of conscious recycling. Thirdly, propose fiscal 
incentives to recycling companies in order to reduce process costs and offer a more competitive product on the market.

http://www.infineo-economiecirculaire.com/en/

1) Durable supply: It’s about the propensity to use 
recycled raw materials and renewable resources in 
order to respect the environment. So, plastic bottles 
manufacturers, should use recycled PET in their 
production rather than virgin PET, obtained from 
fossil fuels.

2) Industrial & territorial ecology: It means to de-
velop a network of industries on the territory in 
order to reduce the movement of products after 
their realization and to deepen the exchanges 
between the recycling companies and the ones 
that will market the final product.

3) Responsible consumption: It should lead the 
buyer (economic actors, consumers) to make his 
own choice by taking into account the environmen-
tal impact in the whole product life. So it is prefe-
rable to buy recycled PET bottles to reduce their 
carbon footprint. 

4) Recycling: The purpose is to use raw materials 
from waste to create the same or different pro-
ducts. At the end of the process, the aim is to opti-
mize the quantity of recycled PET, keeping the 
total cost of the operation as competitive as the 
one made of virgin PET. 

In this stage, waste from neighbouring cities, but also from other 
regions (in order to make the whole process profitable) are 
collected by the sorting company, which works with large 
quantities of material to recycle 24 hours/day in order to 
maximize the amount of recycled plastic in a working day. 

In the PET recycling process and in the dynamics of the circular 
economy, the gesture of consciously differentiating plastics 

from other waste is a fundamental step, probably the most 
important as it can optimize the process, trying to avoid 

waste of energy and other resources in the following 
stages. In fact, by carefully sorting plastics it’s possible 

to gain time and resources, limitating the use of highly 
energy-intensive machinery.

Blowing is a process for the formation of thermoplastic 
polymeric materials or glass, which is used to make hollow 
bodies, such as bottles or flasks. While there are some companies 
that carry out the two operations in the same site, the majority of 
them store and transport them to a blowing site.  The requirements of 
the bottle are: rigidity, aesthetics and ease of holding.

The polymer cools in contact with the mould, which freezes. In many 
cases, stretch blow-moulding is carried out: a stretching rod 

stretches the material along the axis and a pre-blow moulding 
is carried out at a few bars of pressure, which forms a 

bubble. In this way, the polymer chains are 
oriented both in the axis of the bottle 

and tangentially, improving the 
mechanical properties of 

the bottle (SBO).

The sale 
of recycled 
PET preforms or 
granules allows the 
recycling company to cover 
its costs so as to guarantee a 
recycled product at a competitive price 
compared to the virgin product itself. In 
fact, although fossil fuel deposits are running 
out, it is still cheaper to produce virgin plastic than to 
recycle it. For this reason, recycling companies are obliged 
to expand the sale of preforms in order to meet their costs.

Once sorted, plastic bottles waste is recovered in bale presses 
and is then re-directed to a plastic recycling or waste recovery 

site. The recycling company is then responsible for checking that 
the waste meets a previously established specification and must  

identify the materials and transport the unprocessed waste to the site 
of an industrial company specialising in the management of that 

specific type of waste. We can identify two principal flows of treated 
post-consumption plastic materials:

Bale dimension are 30"x42"x 48" or 30"x48"x 60" and should allow a 
minimum of 35,000 pounds to be shipped on 53-foot trailer. A tare 

weight of 8 pounds per bale may be taken from the gross weight. 
The bale density is around 15-18 lbs/ft3 and its integrity must 

be maintained throughout loading, shipping, unloading and 
storage. The bale should be held together with 10-12 

gauge, noncorrosive galvanized metal wire, with 
all bale wires wrapped in one direction. 

The number of wires will vary with 
bale size and density.

SORTING
The first machine that 

elaborate the plastic bottles is 
the Trommel machine. Its purpose is 

going on disassociating the bottles from each 
other in order to better sort them. Inside the trommel, 

the bottles clash against each other and move towards the 
screen mat. The screening carpet shakes the bottles to remove as 

much waste and labels as possible before the sorting step. It also 
allows the bottles to be transported inside the factory.

PRE-WASHING
These stage enable the bottles or flakes 

(once ground) to be cleaned, in order to 
remove internal and external stains and 

peel off the labels and waste that can be 
glued on them. Hot water and soda are 

used to dissolve adhesives. 

GRINDING
The bottles are ground 

into “flakes” about 1 cm, 
a suitable format for 

subsequent processing. 

     
Bales should 

be stored, with the 
bottom bale on a pallet, 

indoors or covered 
outdoors. Material must not be 

 stored outdoors  uncovered for a 
period exceeding two weeks to prevent UV 

degradation from direct sunlight and moisture 
contamination. Bales are also distincted by  

different color of plastic or level of transparency (it 
changes from country to country).

The big garbage pack, used for a more comfortable 
delivering, are unpacked manually by the factory 

operators cutting the metal wire that compacts 
thousands of bottles together. The plastic is finally 

placed on a conveyor belt to be after carefully sorted.

PET pellets, after being dried for 7 hours to remove 
any trace of water, are melted inside of hot chamber 
and pressed at temperatures between 285 and 300°C. 
The resulting PET paste will be injected into the 
moulds. The liquid PET is injected with a pressure of 
180 bar of hydraulic pressure and then cooled very 
quickly thanks to a water circuit inside the mould. Small 
pieces injected are future bottles, after a blowing process.  
Throughout the recycling process, the material will 
undergo numerous quality tests. These tests are performed 
at regular intervals and during flash audits. These tests take 
place in a laboratory where the material is analysed under 
several qualitative criteria.

CRYSTALLIZER
Another device enables the 

temperature of the glass transition of 
the PET to be changed: the amorphous 

granule is heated to a temperature higher than the 
glass transition (+140°C) while stirring the granules by 

mixing nitrogen to avoid sticking. PET grains crystallize 
(re-orientation of molecular chains). 

POLYCONDENSATION
Once crystallized the PET can then be transported into the reactor to begin 

polycondensation or polymerization in stages. Inside this reactor will take place a 
polymerization reaction divided in stages. The purpose of this operation is to 
remove all undesirable by-products still present inside the PET pellets. It is thanks 
to successive condensations of the product generated by the nitrogen that water 
and air bubbles can be removed. This operation last 16 hours.

To convert 
PET flakes into granules, 

an extruder is used. This machine 
compresses the material by heating it and 

stretch it into long plastic threads. These 
wires are then cooled and cut into pellets. 

They are then transported by pipes and dried 
before being purified. After that they are stored 

in silos, and transported to agri-food 
manufacturers who will transform them into 

preforms and then into bottles.

The different kinds of 
plastic present inside the plastic 

bales are sorted to keep only the PET. 
In order to do this are used high-tech 
machines:
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https://www.youtube.com/watch?v=Pnbfv7WJkOk&t=11s

https://blogs.platts.com/2020/01/22/recycled-plastics-consumer-demand-2020/
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