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Tracer-Based-Sorting ςVerpackungen effizient nach 
Spezifikation und Recyclingweg sortieren

Jochen Moesslein, Gründer und Geschäftsführer Polysecure GmbH
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POLYSECURE in a nutshell

»Technology company focused on innovative marker 
materials and their detection
-Inorganic fluorescent marker particles (FMP)
-Glass-ceramic marker particles with chemical code (GCMP)
-Encodable polymer taggants (Poltag)

»Applications (to date):
-Mobile Authentication andproof of recycled content
-Smartphone based copy-ǇǊƻƻŦ LŘŜƴǘƛŦƛŎŀǘƛƻƴ όά¢ǊŀŎƪ ϧ ¢ǊŀŎŜέύ 
-Material sorting (Tracer-Based-Sorting TBS)

»Interdisciplinary team & strong IP (~20 patents) to protect 
marker materials, detection & applications

»Lab and production infrastructure -> solid state chemistry, 
electronics, optics, plastic technology

»Market leaders as first customers -> more than 50.000 tons 
marked with PS markers

Fluorescence by marker particles in electric switch

FLUOSORT® -TBS flake sorting machine
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Plastic packaging / plastic litter: global setting

Ellen MacArthur Foundation
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Plastic packaging / plastic litter: global setting

»Global setting: Only 10% of packaging waste is recycled, 
only 2% in a closed-ƭƻƻǇΧ ƳŀƧƻǊ ŦƛƴŘƛƴƎǎΥ
-Dumping waste into nature / landfills is often not banned
-Recycling is not competitive against virgin plastics

»Germany: After ~30 years of waste management, the 
recycling rate for plastic waste is still ~20%, while 63% is 
set by law for 2022... major findings:
-Too much of the plastic is lost due to sorting difficulties
-Quality of recyclates is too low due to poor sorting quality

»Motivation for Tracer-Based-Sorting (TBS) / MaReK:
-Can TBS, efficiently applied to plastic packaging, solve the 

sorting difficulties, lower the costs and increase the quality of 
recyclates?

-Can TBS thereby help increase the recycling rate and thereby 
create reductions of CO2 and plastic waste in the nature?

Melanie Kamp: Plastic litter on beach in Vietnam

Wikipedia: Manual plastic sorting facility



CONFIDENTIAL 6

tǊŜǎŜƴǘ .a.C ǇǊƻƧŜŎǘ αaŀwŜYά

Development of a marker based sorting and recycling system for plastic 
packaging

»YL¢ ŀƴŘ tƻƭȅǎŜŎǳǊŜ ǘƻ ŘŜǾŜƭƻǇ άōŜǎǘ ǇƻǎǎƛōƭŜέ ƴŜǿ ŦƭǳƻǊŜǎŎŜƴǘ ƳŀǘŜǊƛŀƭǎ κ 
tracers (sorting regime, compliance)

»Polysecure to develop new sorting machine / pilot sorting plant

»Packaging items are marked with new tracers / sorting code, mixed into 
typical packaging waste and sorted by TBS pilot line at Polysecure

»Comprehensive stakeholder process -> brands, packaging manufacturers, 
converters, utilities, political decision makers etc.
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What is the overall scenario for packaging / sorting?

»More bio-degradable and paper basedpackaging will come
-Disposal by consumers into bio waste / paper fraction -> no 

automatic sorting required

»aƻǊŜ άdesign for recyclingέΥ
-Packaging which cannot be correctly identified by NIR sorting (i.e. 

black, multilayer, PET-G-sleeves) will be reduced

»However, significant share of packaging will remain plastic, 
based on a superior property mix (i.e. flexibility, formability, 
barrier, hygiene, weight, life cycle balance)
-Packaging waste should be collected & recycled in a closed-loop
-Requires automatic sorting into defined and pure specifications

»Current sorting technology: Cascaded process, each sorting 
step diverting the input stream only in two output streams 
requiring i.e. at least 5 sorting steps for 6 final fractions:
-Each additional sorting step creates additional sorting costs -> 

difficult to base better sorting on further sorting steps

LandpackGmbH

DenttabsGmbH
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What exactly is the sorting challenge?

»How to efficiently & reliably sort trillion of 
non-uniform objects into well specified & 
pure fractions which can be easily re-used?

i.e. nonfood HDPE 
specified for 
shampoo bottles

i.e. food PET with 
barrier additive for 
cheese & meat (no 
multilayer)

i.e. food PET for 
mineral water 
bottles

ΧΦŀƴŘ ŦǳǊǘƘŜǊ мл ς40 fractions
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How does Tracer-Based-Sorting (TBS) work?

»Different upconversion fluorescent tracers are integrated in 
or on materials to be sorted (i.e. plastic packaging)

»In the sorting device, materials move through a laser 
curtain which excites the tracers to fluoresce while no 
other material emits signals

»As a result: Detector only sees the fluorescence of the 
tracers, all other material components remain dark -> 
ƻǇǘƛŎŀƭ ŘŜǘŜŎǘƛƻƴ όҐǎƻǊǘƛƴƎύ ǿƛǘƘƻǳǘ ǘƘŀǘ ǘƘŜǊŜ ƛǎ άƴƻƛǎŜέ 
-> best possible sorting regime -> see TBS tech video

»Sorting into fractions -> the different colors of the tracers 
(=sorting code) are measured and the detected packaging 
items are sorted accordingly in one sorting step

Principle of Tracer-Based-Sorting 

Emission spectrum of 3 different upconversion tracers

https://www.youtube.com/watch?v=QtJlgb7IP8g&feature=youtu.be
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Inorganic fluorescent marker particles

»Individually synthesized crystalline particles with strong 
fluorescence and characteristic emission / excitation 
spectrum and dynamic properties

»Typical particle sizes: 0.1-100µm

»Good thermal (500-1500ϲC) and chemical stability plus low 
solvability (i.e. in acids and bases) -> good biocompatibility

»Approval for plastic product for drinking water granted, 
inclusion in positive list for food contact underway

»As additives of polymer compounds: very robust and 
usable over practically infinite use cycles and extrusions

»High external quantum yields

»Signal strength can be increased by stronger excitation!

»Exclusive cooperation with KIT
-> own, partially patented materials & synthesis

Marker with strong upconversion fluorescence

Fluorescent particle in transparent lens

http://www.kit.edu/english/index.php
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TBS detection: inexpensive devices enabled by tracers


