Plashndustrlen

TEKNOLOGISK e plastvirksomheder

Whats next for end-of-life for PUR?

A new Danish consortium will research
alternative solutions

PUR Section-Meeting May 15t, 2019
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DANISH
TECHNOLOGICAL
INSTITUTE

Established 1906
Supports Danish Industry

Independent and not-for-profit



Technological infrastructure

DANISH
TECHNOLOGICAL
INSTITUTE

More than 1.000 specialists

State of the art-equipment and facilities
80+ laboratories
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Danish Technological Institute

Industry

A key driver in R&D

« Bridging the gap between research and
practical application

Investment

« Since 2011, we have participated in 2,000

projects with 5,500 partners ; Technology
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Resources and materiel chemistry

« Working within waste-stream valorization, recycling, product development, chemistry, materials and
polymers.

 Aiding industry with large challenges
« Circular economy, new technologies, materials etc.

 Solve specific challenges
» Trouble shooting, eliminating harmful chemistry, product development etc.

Product Health & Environment Process
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Anders T Lindhardt
andl@dti.com
Phone; 7220 1143

EDUCATION

CAREER

2003-2007

2005

1999-2003

2018-

2016-2018

2013-2016

2012-2013

2011-

2008-2012

Ph.D. Organic Chemistry, Department of
Chemistry & iNANO, Aarhus University (AU)
M.Sc. Department of Chemistry, AU

B.Sc. Department of Chemistry, AU

Consultant, Technological Institute, Process &
Materials Chemistry, Life-Science Division

Associate Professor, Department of Engineering, Aarhus University.
Working within the field of applied chemistry, continuous flow
processing, materials, polymers and method development
Assistant Professor, Department of Engineering, Aarhus University

Synthetic Organic Chemistry, R&D Division, Cheminova A/S

Co-founder of SyTracks. A company dealing with high-tech glassware
solutions for research and development

Postdoctoral researcher, iINANO, Aarhus University. Transition Metal
Catalysis in organic synthesis

SCIENTIFIC OUTPUT
67 scientific publications, 4 patents, 1 book chapter
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Why recycle PUR?

Polyurethane is an indispensable high-
tech thermoset polymer. 100,000

90.000

EU regulation requires recycling rates
close to 100% of freezers, refrigerators,
etc.
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Currently, no forthcoming technologies
are underway to meet upcoming 30.000
demands 20,000
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Danish PUR market

PUR use

7% growth

waste 50%

Production spill 20%

5% recycle rate
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Polymer Properties Crossink

M
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Thermoplastic Thermoset
* Good impact resistance * Temperature resistant
* Chemical resistant * Thick and thin wall capabilities
* Reshaping capabilities * High dimensional stability

* Flexible design (Multi purpose)



Other thermosets

Unsaturated polyester resins
Vulcanized Rubber

Epoxy

Phenol formaldehyde (PF) resins
Urea-Formadehyde

Melamine (formaldehyde)
Silicone

Etc.




Crude oil

How are Polyurethanes made
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Complicated mix

Polyols
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How is PUR recycled today?

Isocyanate Components

OCN II II NCO
NCO

MDI Monomer TDI Monomer

NCO

@

MDI based polyurethane

14,0 O 2,0 O g 2, OO 1



State of the Art

Polyurethane can not be remolded (Thermoset)

Few “recycling” methods currently available
* Physical: Reshaping

* Chemical: Hydrolysis, aminolysis and glycolysis

4,0 O 2,0 O g 2, OO

!
T e e e s



State of the Art

Physical Reshaping

Shredded Polyurethane Rebound Polyurethane

Glue, Adhesives,
Coloring, Additives

Recycling level : 100%
Loss of material properties

Powdered PUR applied as additives in cement, new cast PUR, etc.



Chemical Recycling of Polyurethane

T e s s

Hydrolysis Aminolysis Glycolysis
(water) (Amines) (Glycol)

Vv

Vv Vv
X i
e L e B VL A,
H H

0 o o e
OH
Recycling level : < 100 % Recycling level : “50 %” Recycling level : “100 %”
Inseparable mixture PUR value chain material loss Addition of glycol
Early stage amine intermediate Custom products

High temp. process (400 °C)

All methods are high temperature transformations
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Value retained

» Tertiary recycling

« Quaternary recycling - Loss of material



* Primary recycling

EEEE Illlll

Production of granulate

« Secondary recycling
* Tertiary recycling

« Quaternary recycling

Monomers

CE learnings from thermoplastics

EEER <

Secondary
Recycling

Production of plastic article Filling of plastic article

Secondary
Recycling

Tertiary
Recycling

- Recycling

Quatenary




Reality check:

Thermoplastics

Prowggtion of granulate

Monomers

Secondary
Recycling

Tertiary
Recycling

Quatenary
Recycling




Reality check: ot

Secondary
Production of granulate | Recycling

Polyurethane

Production of plastic article Filling of plastic article

Quatenary

Tertia
i Recycling

Recycling

Monomers




What to do with PUR?

The RePURpose consortium will develop new
technologies for PUR recyclin LOGSTOR /'\
g y g covestro

eCCO /
* Six leading Danish industrial partners > o e Y N / AARHUS
NSTRTLETE TEMPUR ¥ UNIVERSITY

PUR RECYCLING

Implementation New technologies

One of the worlds best organic chemists of PUR reuse for monomer

extraction

DANISH
P’lOt Iant ? TECHNOLOGICAL
COVEStI'Ol > ?:c?:-:fugmclcm REUSE of PUR &I przcess INSTITUTE
. . h INSTITUTE a a
* Entire PUR value chain present —/ Industrial spill cvaluaton G \
covestro

Strongest technical capabilities : :
¢ r(iollslc'tlor;g,(was’fce RecyC“ng e
andling & waste produc

stream evaluation P U R evaluation

H.J.HANSEN



Dual Approach

=~
RePURpose will develop two technologies
P P g E H R ’-A
oD

1. ReUSE will develop new methods Products Collectlon

elimination of production spill

/ REUSE

2. ReCYCLE targets regeneration of original Pr'o-czs';i'n

polyurethane monomers. @ Q\ fD el °

virginMonomers  RECYCLE

N
ReUSE before ReCYCLE



ReUSE

2

Production spill is not waste before is leaves the factory

Shal-
(O0D)
Production-site solution Products Collectlon

* No transportation of light weight materials (foams)
REUSE

Short time to implementation (2-4 years) o F--Al

Q\ (0 , Processing

Operation cost target < cost of virgin material



ReCYCLE

2 |
End-of-life polyurethane products 5 H i )
oD
Targets monomer regeneration through chemical recycling Products Collect|on
High-risk approach REUSE
l-._.nl

> .
Time to implementation (6-9 years) 6 Q\ (./ rocessing
Operation cost target < cost of biobased polyurethane virginMonomers - RECYCLE

\E%

Polymer deconstruction
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Reuse technology
developed in lab

Reuse technology

g-scale production

Proof-of-principle

kg-scale production Reuse reactor

Reuse
prototype reactor

TRL2
Product test and

development

Products selected

Monomer regneration
developed in lab

Recycle technology

Proof-of-principle

Formulations developed

Products tested Product production tested

g-scale production Products tested Recycle pilot plant

Pilot plant
1kg/day

Y

(<18

TRL1

Material streams
and traceability

Material waste Traceability strategies

N Year 1 streams mapped Yegr 2 identified

Implementation strategy for
selected Year 3 traceability developed

Traceability strategies



ReUSE & ReCYCLE

By
Important to develop both technologies
P P ¢ = foa ey
oD
1. ReUSE before ReCYCLE Products Collectlon
ReUSE material needs to be adaptable with ReUSE and ReCYCLE REUSE
l-.__nl
> .
New technologies will define future legislation and regulation @ Q\ (-/ orEsne

. Traceability strategies for both strategies developed at once ~ VirginMonomers - RECYCLE

Complete value chain will realize full potential for all PUR \

product producers Ponmer deconstructlon



So what is next step for end-of-life PUR

REUSE
« Polyurethane is here to stay and volumes goes up RECYCLE
RePURpose ‘ o

* Requirement/regulation for recycling

LOGSTOR f\
covestro|

: : 2CCo
* New recycling technologies are needed \/
= mmowoca 2 N DUR o ARHUs

* Our suggestion is RePURpose ool
Implementation of New technologies
PUR reuse for monomer
extraction
CoVasro Ed TechnoLocicat REUSE of PUR
\ / INSTITUTE Industrial sp|II

Q CoIIec.tion, waste - Re CVCI | ng

[ DANISH
. TECHNOLOGICAL
Pilot plant INSTITUTE

& process
evaluation
, covestrol

eCCO LOGSTOR
Implementation &

product evaluation [ESSEwN—_g .
TEMPUR TINBY

handling & waste

stream evaluation P U R

H.J.HANSEN




Plastindustrien.

TEKNOLOGISK Brancheforeningen for danske plastvirksomheder
INSTITUT

It's all about innovation




