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POLYSECURE in a nutshell POLYSECURED

»Technology company focused on innovative marker
materials and theidetection
- Inorganic fluorescent marker particles (FMP)
- Glassceramicmarker particlesvith chemicakcode (GCMP)
- Encodable polymer taggants (Poltag

» Applicationqto date):
- Mobile Authenticationand proof of recycled content —
- Smartphone based cogyINB 2 F L RSY G A TAOF A 2 Yoreschebymalbrba
- Material sorting (TraceBasedSorting TBS)

»Interdisciplinary team &tronglP (~20 patents) to protect
marker materialsdetection &applications

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

»Market leaders as first customers more thans0.000tons
marked with PS markers

FLUOSORT®BS flake sorting machine
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Plasticpackaging / plastic litter: global setting POLYSECURED

8% CASCADED
RECYCLING?

4% PROCESS
LOSSES

14% COLLECTED
FOR RECYCLING

2% CLOSED-LOOP
RECYCLING'

14% INCINERATION AND/
OR ENERGY RECOVERY
78 MILLION
TONNES

(ANNUAL PRODUCTION)

1 Closed-loop recycling: Recycling of plastics into the same or similar-quality application I
& o
o - 2

2 Cascaded recycling: Recycling of plastics into other, lower-value applications
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Plastic packaging / plastic litter: global setting POLYSECURED

» Globalsetting: Only 10% of packaging waste is recycled,
only 2%naclosed 22 LIX Y|l 22NJ FAYRAY 3,
- Dumpingwaste into nature / landfills isften 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 TraceiBasedSorting (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?
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Development of anarker based sorting andecycling system for plastic
padkaging

»YLe YR t2f248S0OdzNBE (2 RSOSE 2L (0 ntdmibomentuias I 3 A O

fur Blldung und Forschung

tracers (sorting regime, compliance) Plastik
» Polysecure to develop new sorting machine / pilot sorting plant in der Umwelt

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

GEFJRDERT VOM

» Comprehensive stakeholder processbrands, packaging manufacturers,

A - .. & Bundesministerium
converters, utilities, political decision makers etc. IL“n‘d”é‘Sr“sﬂﬁung
ﬂ(IT é HS PF ? o DerGrunePunkt I l !:?NA ige
Karlsruher Institut far Technologie BMBF
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What is the overall scenario for packaging / sorting? POLYSECURE O

» More bio-degradable and paper basgaackaging will come
- Disposal by consumers into bio waste / paper fractiono
automatic sorting required

»a 2 Ndesign for recycling Y
- Packaging which cannot be correctly identified by NIR sorting (i.e.
black, multilayer, PEG-sleeves) will be reduced

»However, significant share of packaging vaithain plastic 3
based on a superior property mix (i.e. flexibility, formability, -endeaccmbH
barrier, hygiene, weight, life cycle balance) f
- Packaging waste shoube collected & recycled in a closéxbp
- Requires automatic sorting intdefined and pure specifications

» Currentsortingtechnology:Cascaded procesgach sorting
step diverting the input stream only in two output streams

requiring i.e. at leash sorting steps for 6 final fractions:
- Each additional sorting step creates additional sorting costs
difficult to base better sorting on further sorting steps DenttabsGmbH
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What exactly is the sorting challenge? POLYSECURE O

»How to efficiently & reliably sort trillion of _
non-uniform objects into well specified & i.e. nonfood HDPE

pure fractions which can be easilyused? specified for
shampoo bottles

l.e. food PET with
__—> Dbarrier additive for

cheese & meat (no

multilayer)

-~ s y 1.e. food PET for
o mineral water
bottles

\ . ) -
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How does TraceBasedSorting (TBS) work? POLYSECURED

» Differentupconversion fluorescertacersare integrated in
or on materials to beorted (i.e. plastic packaging)

CAMERAD (DENTIFY
THE FLUORESCENCE,

»In the sorting devicanaterials movehrough a laser
curtain which excites the tracers tlworesce while no
other material emits signals

» As a result: Detector only sees the fluorescence of the
tracers, all other material components remain dark Principle of TraceBasedSorting

2LIAOFE RSUSOGA2Y 6TazNIAy3a0 gAGK2dzd GKI G
-> best possible sorting regime seeTBS tech video |
» Sorting into fractions> the different colors of the tracers !
T K _

(=sorting code) are measureshdthe detected packaging
items are sorted accordingly in one sorting step
Emission spectrum of 3 different upconversion tracers
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https://www.youtube.com/watch?v=QtJlgb7IP8g&feature=youtu.be

Inorganic fluorescent marker particles

» Individually synthesized crystalliparticles with strong
fluorescence and characteristic emissicgxcitation
spectrum and dynamiproperties

»Typical particle sizes: G1D0um

» Goodthermal (500-15000C0) andchemicalstability plus low
solvability(i.e. in acids and bases> good biocompatibility

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

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

»High external quantungields
» Signal strength can be increased by stronger excitation!

» Exclusiveooperation withKIT

->own, partially patentednaterials & synthesis
CONFIDENTIAL
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Marker with strong upconversion fluorescence

Fluorescent particle in transparent lens
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http://www.kit.edu/english/index.php

TBS detection: inexpensive devices enabled by tracers
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