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Waste pretreatment

?

?



Let’s separate!



Let’s follow the guidelines!



1. Select the separation methods

So what are the physicochemical
properties of this heap?



                  
                              



Levels of physicochemical properties

(Main) Polymer 
composition

➔ Does anyone have a detailed
sampling and characterisation
protocol by the way?



But, there is something…





https://ceflex.eu/public_downloads/REFLEX-Summary-report-Final-report-November2016.pdf

https://ceflex.eu/public_downloads/REFLEX-Summary-report-Final-report-November2016.pdf




Ok, let us start from those compositions



Compaction

Waste often < 100kg/m³
If you push hard on your bin, maybe <150kg/m³

During transport < 300kg/m³

Name kg/m3 source

LDPE films, loose 17
Average from http://www.tellus.org

& http://www.federalinternational.com/
Rigid plastics big pieces & mixed rigid 49 N State

PP film 14 Tellus
PVC, loose 202 Tellus

EPS 6 U.S. EPA
PET soda bottles, whole, loose 21 MN STATE

PET film 14 Tellus
SipWell 10L 55 SipWell e-mail contact

LDPE, compacted 89 http://www.federalinternational.com/

http://www.tellus.org/
http://www.federalinternational.com/
http://www.federalinternational.com/


Compaction: baling



Compaction: Pelletising

• Create friction/heat to ‘melt it together’

• High density



Size reduction
• Why?

• Homogenisation

• Better handling

• Increase surface to volume area

• 3 options: shear, impact, cutMoving 
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Wait a minute!

Separation before shredding and compaction



That’s a bit old school?
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https://www.youtube.com/watch?time_continue=97&v=X_1sOPqM_VA&feature=emb_logo

https://www.youtube.com/watch?time_continue=97&v=X_1sOPqM_VA&feature=emb_logo


Post-commercial waste

Loose track, homogenized, compacted, mixed Traceability, compacted, unmixed

‘perskraakwagen’



Sorting



Typically plastic 
(packaging) 
waste goes to a 
sorting plant 
before shredding



Sieving



Air classification / windshifting



Air classification / windshifting

• Windshifting
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Adhesive removal Air classification

Flotation

Separation of 
plastics and labels



Ballistic separation



Magnetic separation

• Iron and derivates

• Easy separation, valuable output

• Metals can damage pumps and reactors

• So everyone has a magnet!



Eddy current

• NFe metals separated by ‘Foucault currents’

• Rotating magnet creates Fr = repulsive forces

• It is basically how your induction cooking plate works

• Cans, but also some Tetra Pack. Al layer of crisps too thin



Triboelectric separation

• Not usual at sorting plants, but related

• (Packaging) Plastic goes more negative, E.g. wood is neutral

• Material needs to be dry!



NIR: Near InfraRed separation

• Optical separation

• Based on infrared spectrum ➔
absorbance of light

• Separation of different types of 
materials (minerals, plastics, etc.)

• Very powerful technique

• Blacks are currently a bit difficult

• Only surface scanned (<20µm)

1660nm

1716nm



NIR: Near InfraRed separation

• NIR has high belt speeds (3m/s)

• Because it is so good, companies tend to overload it

• Efficiencies are typically around 90%

• Best not as ‘first’ separation to get a 10% material out of a mix

• Usually done ‘positive’ (e.g. all PE) and then ‘negative’ (e.g. all non PE)



Manual depollution



Optical separation

• X-ray: ‘radiation’ between 1pm en 10nm

• Can scan molecular structure ‘into’ the material

• Example; separate PVC with lead out of mix when recycling windows

• Radiation in a waste company



Example Robotics / AI
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https://www.youtube.com/watch?time_continue=97&v=X_1sOPqM_VA&feature=emb_logo

https://www.youtube.com/watch?time_continue=97&v=X_1sOPqM_VA&feature=emb_logo


Example tracers

• Fluorescent tracers
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https://www.youtube.com/watch?v=nvPcSV2OHXU

https://www.youtube.com/watch?v=nvPcSV2OHXU


Example watermarks
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https://www.youtube.com/watch?v=anTLAySG-18

https://www.youtube.com/watch?v=anTLAySG-18


HolyGrail project
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Ghent University sorting model
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waste item category

ballistic:           

3D

ballistic:        

2D

ballistic:       

fines

drum 

screen:        

0 - 40mm

drum 

screen:       

40 - 120mm

drum 

screen:     

120 - 

220mm

drum 

screen: 

>220mm

windsifter: 

light

windsifter: 

heavy

magnet: 

ferrous

magnet:       

non-ferrous

eddy 

current: 

conductive

eddy 

current: 

non-

conductive

NIR PET:          

PET

NIR PET:             

non-PET

Carbonated soft drink 1,5L PET - Bottles and flasks - transparent 97.0% 3.0% 0.0% 0.0% 70.0% 30.0% 0.0% 1.0% 99.0% 0.5% 99.5% 0.1% 99.9% 90.0% 10.0%

PET tray pastry PET - Trays - transperant - Monolayer 80.0% 20.0% 0.0% 0.0% 5.0% 95.0% 0.0% 5.0% 95.0% 0.5% 99.5% 0.1% 99.9% 90.0% 10.0%

Multilayer PET, cheese slices - 1 PET - Trays - transperant - Multilayer 20.0% 80.0% 0.0% 0.0% 0.0% 100.0% 0.0% 5.0% 95.0% 0.5% 99.5% 0.1% 99.9% 80.0% 20.0%

Laundry detergent 2L HDPE - Bottels and flasks 97.0% 3.0% 0.0% 0.0% 10.0% 85.0% 5.0% 0.5% 99.5% 0.5% 99.5% 0.0% 100.0% 1.0% 99.0%

Laundry detergent, black laundry 1,5L HDPE - black 97.0% 3.0% 0.0% 0.0% 0.0% 100.0% 0.0% 1.0% 99.0% 0.5% 99.5% 0.0% 100.0% 1.0% 99.0%

Hot water food tray: noodles, 360g PP - Pots, tubes and trays 90.0% 10.0% 0.0% 0.0% 30.0% 70.0% 0.0% 1.0% 99.0% 0.5% 99.5% 0.0% 100.0% 1.0% 99.0%

Mushroom trays 500g PS - Pots, tubes and trays 70.0% 30.0% 0.0% 0.0% 40.0% 60.0% 0.0% 5.0% 95.0% 0.5% 99.5% 0.0% 100.0% 1.0% 99.0%

Soda can shrink wrap Film - > A4 - Mono- and Multilayer 10.0% 90.0% 0.0% 5.0% 5.0% 5.0% 85.0% 75.0% 25.0% 1.0% 99.0% 1.0% 99.0% 1.0% 99.0%

Candy bag 250g Film - < A4 - Multilayer 10.0% 90.0% 0.0% 10.0% 20.0% 50.0% 20.0% 75.0% 25.0% 1.0% 99.0% 1.0% 99.0% 1.0% 99.0%

Frozen French fries bag 2500g Film - > A4 - Mono- and Multilayer 10.0% 90.0% 0.0% 1.0% 1.0% 1.0% 97.0% 75.0% 25.0% 1.0% 99.0% 1.0% 99.0% 1.0% 99.0%

Juice box drink carton 1L Drinking carton 20.0% 80.0% 0.0% 0.0% 30.0% 60.0% 10.0% 3.0% 97.0% 0.5% 99.5% 80.0% 20.0% 0.1% 99.9%

Soft drink aluminium can non-ferrous metals 30.0% 70.0% 0.0% 0.0% 100.0% 0.0% 0.0% 3.0% 97.0% 0.5% 99.5% 90.0% 10.0% 0.1% 99.9%

Canned Tomatoes 400g ferrous metals 95.0% 5.0% 0.0% 0.0% 100.0% 0.0% 0.0% 0.0% 100.0% 95.0% 5.0% 0.0% 100.0% 0.1% 99.9%

Medicine blister pack PVC 30.0% 70.0% 0.0% 1.0% 98.0% 0.5% 0.5% 1.0% 99.0% 1.0% 99.0% 70.0% 30.0% 0.1% 99.9%

white processed meats foamed tray EPS 80.0% 20.0% 0.0% 0.0% 0.0% 95.0% 5.0% 5.0% 95.0% 1.0% 99.0% 1.0% 99.0% 0.1% 99.9%

Eddy current NIR PET

Examples of representative waste items (m)  

(brand names anonymized)

Ballistic separator Drum screen Wind sifter Magnet 
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Currently ±120 representative

products at brand level with

composition



Recycling























Density separation

• ‘Easy’

• Usually water is used

• Separating the polyolefins

• This creates:
• PP/PE 

• PVC/PET(/PS)



WEEE



Density separation: easy?

• Simple?
• Medium

• Process setup

• Particle size and shape



Froth flotation
• Introduce air bubbles

• Density + hydrofobicity

• Surface chemistry adjusted by collectors

• Frothers stabilise foam layer



And if we do all that..
We can do this!

Or in best case maybe this!



Which is great by the way!

And there are a few exceptions!

But more advanced pretreatment and recycling 
techniques should be developed! 

(or miracles should happen at design side) (or both)



Advanced precleaning

• Chemical wash to remove
• Odour

• Inks

• Layers

Prebaked bread



Deodorisation



Deodorisation



Deinking

Do not underestimate the
chemistry of ink structures!



Deinking



Deinking / Delamination
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Solvent based pretreatment/recycling



Solvent based pretreatment/recycling



Conclusions

* Fig. by Herman Van Roost (Total)

Polymers

Inks

Ink
ingredients

Adhesives



Conclusions

• Different steps:
• Logistics
• Sorting (dry pretreatment)
• ‘Recycling’ (wet pretreatment)

• Very hard to get consistent data on composition, especially further
than the main polymer composition

• Probably further pretreatment needed

• Also chemical recycling (might) need(s) pretreatment

• All this has to be done for <750€/t

• We need more books
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