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275,000 tonnes of plastic are used 
annually in the UK, for example. 
This is equivalent to 15 million 

bottles per day!

Plastic waste issues have been 
extensively noticed by the media, 

due to the large quantities that 
have been reaching the world's 

oceans. 

Once in the ocean, plastic can enter 
the food chain and have dramatic 

effects on marine ecology. 

Source:

Plastics demand by country



European countries have challenging 
plastic packaging recycling targets by the 

next years!

The new Directive (EU) 2018/852 on 
Packaging and Packaging Waste sets 
higher recycling targets per material  

(50% for plastic packaging by 2025 and 
55% by 2030).

However, after collecting plastic waste 
and before it can be recycled, it is 

necessary to separate the various types 
of plastic. 

For that it is necessary to classify them!

Source:

Plastics packaging recycling rate by country

Recycling rates of 
plastic packaging waste 
in Europe range 
between 26% and 52%. 
This wide range can be 
explained by 
differences in collection 
schemes, available 
infrastructure and 
consumer behaviour. 



Thermoplastics

Typically linear or branched chains, with covalent intramolecular bonds and secondary intermolecular bonds.
They can be subjected to multiple heating and cooling cycles without substantially altering the molecular 
structure of the polymer.

Thermosets

Polymer chains with intramolecular covalent bonds within a 3D cross-linked network. (10-50% of cross-links). 
They chemically transform (cure) into a rigid structure, catalysed by heating. 
They don´t soften with a subsequent heating, but they suffer degradation or burning at too high temperatures. 
Stiffer than thermoplastics, with higher dimensional stability.

Elastomers

Significant elastic behavior, typical of rubber. Tg<RT. Less cross-links than for thermosets, which together with 
entanglements inhibit plastic deformation or flow. 

Cross-links → amorphous structure

Exs: Chemically cross-linked (isoprene, butadiene, isobutylene,…)
Physicaly cross-linked / thermoplastic elastomers (ABS, SAN, SBS, …)

Exs: Commodities: HDPE, LDPE/LLDPE, PP, PVC, PS, PET; Engineering: PA, PC, PMMA, POM, PU,…; 
Speciality: Kevlar, Kapton, PEEK, …

Exs: Phenolics (phenol-formaldehyde); Amino-based (urea-formaldehyde, melamine-formaldehyde,…); Unsaturated poliesters; Epoxides; Polyurethan

Types of polymers



Each polymer has a characteristic melting point, for instance. Knowing which type of polymer a certain object is 
made of, is essential for recycling it. It becomes even more complicated if such plastic object results from a polymer 
formulation, consisting of different types of additives besides the polymer matrix. 

Some physical properties of common plastics

M.E. Harris, B. Walker, A Novel, Simplified Scheme for Plastics Identification, 
Journal of Chemical Education, edited by Erica K. Jacobsen, Vol. 87 No. 2 (2010).

Types of polymers



Test 1. Look at the sample. Is it transparent, translucent or opaque?

Test 2. Feel the sample. Does it bend? Can it be scratched? What does the surface feel like?

Test 3. Cut the sample with a sharp knife. Does it cut easily? Are the edges smooth or jagged? Does it crumble or 
flake?

Test 4. Subject the sample to a float test (in water). Does it float or sink? (Note: not applicable to expanded 
foam materials. Water should be around room temperature).

Test 5. Try to burn a small piece of the sample. What is the size and colour of the flame? Do molten drips fall from the 
sample and continue to burn? Does the sample self-extinguish? Is there any odour when the flame has been 
extinguished?

https://www.twi-global.com/technical-knowledge/faqs/faq-how-using-simple-manual-tests-can-i-identify-an-unknown-plastic-material

By performing a few simple tests, such as a flame or burn test, you may be able to determine which type of polymer 
you have. The following slides show procedures, or flowcharts of different complexity that can be followed in order 
to identify a polymer.

Non-instrumental identification tests for polymers



Material Test no. Observation

Low density
polyethylene
(LDPE)

1 Transparent only as thin film, 
translucent in thicker sections

2 Fairly flexible; soft, 'waxy' feel, 
easily scratched

3 Easily and smoothly cut

4 Floats

5 Not self-extinguishing; molten 
droplets which usually go out 
on reaching bench or floor; 
blue flame with yellow tip and 
little smoke, smell of burning 
candle/paraffin when flame is 
extinguished

High density
polyethylene
(HDPE)

1 Transparent only as thin 
film, translucent in 
thicker sections

2 Fairly stiff and hard, can 
be scratched by fingernail

3 Easily cut with smooth 
edges

4 Floats

5 Not self-extinguishing; 
molten droplets which 
usually go out on 
reaching bench or floor; 
blue flame with yellow 
tip and little smoke, smell 
of burning 
candle/paraffin when the 
flame is extinguished

Polypropylene
(PP)

1 Transparent only as thin 
film, translucent in 
thicker sections

2 Stiff; hard, can be 
scratched by fingernail

3 Easily cut, fairly smooth 
edges, when cut with 
chisel leaves white mark

4 Floats

5 Not self-extinguishing; 
molten droplets which 
usually go out on 
reaching bench or floor; 
flame mainly yellow with 
a trace of clear blue at 
the bottom; smell of 
burning candle/diesel 
when flame is 
extinguished.

Polyvinyl 
Chloride, 
Unplasticised
(uPVC)

1 Transparent (unless 
fillers or pigments have 
been added)

2 Stiff; hard

3 Fairly easy to cut, 
smooth edges

4 Sinks

5 Burns with difficulty, 
self-extinguishing; 
yellow flame, blue-
green at bottom edges; 
unpleasant, acrid odour
of hydrochloric acid.

https://www.twi-global.com/technical-knowledge/faqs/faq-how-using-simple-manual-tests-can-i-identify-an-unknown-plastic-material
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Details for preparing solutions of different densities

Polymers will float or sink in each of these solutions, depending on their density.

Non-instrumental identification tests for polymers



Besides density, there are other properties 
characteristic for thermoplastic or thermoset polymers:
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M.E. Harris, B. Walker, A Novel, Simplified Scheme for Plastics Identification, 
Journal of Chemical Education, edited by Erica K. Jacobsen, Vol. 87 No. 2 (2010).
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https://www.stanmech.com
/articles/plastics-
identification-flow-chart
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For more information on polymers and elastomers´ properties, you can consult a handbook on this topic, 
such as the following one:
Cardarelli F. (2018) Polymers and Elastomers. In: Materials Handbook. Springer, Cham. 
https://doi.org/10.1007/978-3-319-38925-7_11

Non-instrumental identification tests for polymers



Source:

Plastics: mechanical recycling process
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Plastic recyclates: where are they used



Source:



Available videos on processing and characterization of polymers:

1. Plastic compounding in a twin screw extruder
2. Plastic compounding in a mini-extruder
3. Pelletization
4. Melt Flow Rate (MFR) measurement
5. Dynamic Mechanical Analysis (DMA)




