. . Chemical Recycling
Simon van der Heijden

dHEATHLAND

This project has received funding from the European Union’s Horizon 2020
research and innovation program under grant agreement N° 820687.




Second generation Methyl MethAcrylate

Innovation Action - Grant Agreement
N°820687

13 partners from 6 different countries
8.9 M€ budget (6.6 M€ grant)
From 01/10/2018 to 30/09/2022

Key words: Recycling, Depolymerization,
PMMA, Thermal, Monomer, Polymer,
MMA, Plastic waste, Plastics
technologies, Sustainable design, waste
management, materials engineering,
Circular economy, Sustainable design

WG mmatwo - CEFIC Chemical Recycling - 14/10/2020

B Industries

B SME

B Research Institutes
B Universities

W Other

[EHEATHLAN D]

O C:ert_echw r i<

—
]

GHENT
LINIVERSITY e T T .

Eco Luﬁc

L5

.
ARKEMA

ichim
TP Feichin

HRFRA

ApTTING

et [(DAKG




MMAtwo major objectives &
methodology

= PolyMethylMethAcrylate, ‘PMMA’ used in

optical, signage, displays, decorative, Life Cycle Assessment and Life Cycle Costing  Quantés ~ EBE
vehicles, construction, electronic screens
etc Characterization Standardization () Certech

P timization T oo, ARKEMA
= Production in Europe around 300.000 tons e

O o e capacity in. Europe D R EIa
collection Pretreatrmant I [ e m il
around 8 000 tons annually. ki bl
WHEATHLAND #wm &

EcuLngi'c el = DELTA GLASS
= Objective: Construction of a new value o) S O Gertech A maan
i ; : ARIGEMA 2o EHEATHLAND e
chain for post-production and end-of-life & ARSI
PMMA waste recycling in collaboration with OFLTA GLASS . 4 v
producers, waste collectors, processors, =)
end-users and the academic community s Bﬁﬁg PLADOS < TELMA

through depolymerization and recovery of

MMA, using a lead free environmentally

frienclily and  accessible technology e 133 v s | R B L A S sy
(continuous process).

UNIERRTY st
Project management Dissemination and Communication Buslness Analysis

= Results to be exploited into EU PMMA
recycling business(es)
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Price (€/kg)

Medium High

Medium Low

Currently Recycled,
Mostly mechanically.
High volumes, low prices

100 kt/y 1000 kt/y

Polymers European market shares, Plastics Europe
Plastics converter demand by resin type (2016)

Source: JL DUBOIS -November 20th 2018

10 000 kt/y
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Energy Consumption in Polymers
/ production:
High demand for technical polymers
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Waste collection and Pretreatment

B= l!.mi I i "x.____.. | =~ ‘ w

In collaboration with Ecologic and Comet, Heathland
collected end-of-life PMMA WEEE waste and vehicle
waste. PMMA with PVC waste was collected by
Heathland from Arkema and Delta Glass and purified
using specialized pretreatment technology into a raw
material for the first depolymerization runs.

™ WS Waste description WHEATHLAND

® PMMA sheet scrap ®
® PMMA sheet regrind Eco l_Og'IC

10.14% usw  @PMMA LCD scrap
® PMMA injection regrind ﬁﬁ
® PMMA saw dust _

11.59% ® PMMA glassfibre regrind DELT:%ASS

® PMMA greenhouse scrap ARCEMA

17.30% ® PMMA glassfibre scrap
IviMA [owo IR ) p .
[IVIIA [TWO two - CEFIC Chemical Recycling — 14/10/2020

)
.........



| PMMA Thermal depolymerization process
Radical Unzipping Mechanism

0 O O O 0] O
| | |
PMMA Polymer . 'L
o X
T
MMA,
Monomer
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JSW

Extrusion Technical Center
Japan Steel Works Europe GmbH
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Several PMMA waste products (post-
industrial and post-consumer) have been

depolymerized by Arkema at bench scale.

High mass yields with high monomer
content can be achieved with most of the
grades.

JSW Europe modified the existing twin
screw extruder to operate at high
temperature for the depolymerization
trials. Heating-up test and gas leakage
inspection of new barrel assembly were
completed and the extruder is ready for
being connected with a condenser for
recovering the monomer.

100%

Injection +
Extrusion
Clear

Cast, mixed
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Mixed colors
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MMAtwo first depolymerization
pilot tests completed (June 2020)

=y “---évt J '
< B See the v:deo taken durmg the

pilot tests on www.MMAtwo.eu
BT -

Recycled Methyl Methacrylate through PMMA depolymerization
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Mass Balance:
Plastic to Monomer/Polymer yields

(data from MMAtwo)
© ARKEMA # procesing

Serhad pholia

The crude MMA samples obtained at >gnage

bench scale were further purified by BaracioniGreenionze

Speichim to above 99 % purity

g rade. Injection, Car tail lights, Red and Clear

Injection, Red and Black

The mass yield of high purity

monomer from PMMA waste ranges Extrusion] White and Black
from 64 to 85 wt %. All PMMA
wastes were successfully converted Injection + extrusion, Clear

to high quality (>99 %) monomer.

Cast, Mixed colors

Source: MMAtwo Newsletter N° 2 Cast, Transparent Clear, Plexiglas
Available on MMAtwo website

0 0.2 0.4 0.6 0.8 1
kg rMMA (>99 % pure) / kg PMMA waste

Orange: Post-Consumer, Blue: Post Industrial

VIMIA,
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¥ RED partner in chemistry
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Global odour intensity determination by human panel was performed at Certech:

5 out of 6 rPMMA polymerised using rMMA from various sources (industrial scrap and
post-consumer) have a global odour intensity lower or equal to that of Referencel
which is PMMA from virgin MMA. Reference?2 is a copolymer doped with odorous
impurities typical of PMMA depolymerisation.

Delta Plados progressed with works on 3 different
products from the recycling process, providing a
base for consecutive lab trials and application

in end-products.
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Polymer to Polymer validation

Delta Glass performed an accelerated weathering test on PMMA sheets made from
rMMAs, optical transmission (%) at 4500 h, aging being identical to the reference
virgin material.

Transparent PMMA cast sheet from rMMA . fransmission
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Kg CO2-eq/kg MMA
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First Environmental life cycle

| assessment and life cycle costing

Preliminary results
iw[aftwol '
Benchmark routes analyzed
* C3 Acetone cyanohydrin (EU):
CEFIC data. 2005, 2013
* C4 Isobutene (JP) : IDEA db

* rMMA lead-bath (EU): 2 reports

Carbon footprint

Compared to virgin production:
. « -69% C4 route

* -66% C3 route (CEFIC 2013)

C3 (CEFIC 2005)C3 (CEFIC 2013)  C4 (IDEA) r-MMA

vvvvvvvvvvvvvvvvvvvv
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Recycled Methyl Methacrylate World Map

Rotating Drum Unknown (yet) Possible new
Technology Technology plant

Closed Molten metal
facility Technology
-l

<

m g
W

Contact Jean-Luc Dubois if yotu\@re a recycler, or want to provide an input
Jean-luc.dubois@arkema.com

Americas Europe Middle East

2 000 t+ 7-10000 t 5-10000t
5-10 companies 3-5 companies 2-3 companies

MMAtwo - CEFIC Chemical Recycling —
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Recycled MMA World Map
Prepared by Jean-Luc DUBOIS (Arkema)
14/10/2020 with Simon Van der Heijden (Heathland)

China
Vietnam

100 000 t
Many, 2 leaders
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[Workshop] Polymer
recycling

Website address https://www.mmatwo.eu
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[News] First pilot tests on
PMMA depolymerization

Register at the contact page
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MMAtwo recycling projects starts

A key next stage would be to see if the technology handles tougher, post-industrial materials

Katherine Sale [ ondan

Despite the ongoing recession
caused by the pandemic,
EU-backed MMAtwa recycling
project has managed to con-
tinue its research, starting up a.
depolymerisation unit includ-
ing a first in the field pre-traat-
ment plant, sccording to the
progect’s chairman,

MMAtwo produced in June
the first samples of recycled me-
thyl methacrylate (R-MMA) in
June and Jean-Luc Dubois said
there had been s number of
technological sdvancements in
the project. which is st to use
twinrscrew  depolymerisation
technalogy.

Nearly all MMA iz polymerised
to make homopoiymers and co-
polymers; the largest application
is casting, moulding or extrusion

polymethy  mathacrdate
(PMMA] or modified palymers.

The MMAtwo project is
backed with financing from the
EU and led by producers and re-
ssarch institutions.

“Thera was a plant previously
using this procsss [hwin-screw
depolymenzation], but  that
could only prossssed top qualty
MMA We wanted something
that could process everything.”
said Dubois. who is also scientif-
ic director al French chemicals
major

He BdDEdlhi several polyme-
thyl methacrylate (FMMA) waste

been depolymerised by Arkema
ot bench scals as high mass
yiekds with high monomer con-
tent can be a with most
of the grades.

This is an arsa where MMAwo
has sesn more success than ini-
tialy expect=d and, desgits some
minor delays linked to the pan
demic, the project has managed
to process mare types of waste
products than initislly thought.

Despite the progress, the pro-
ject remains in @ pilot phase,

however, It produced 700 kil
grams of R-MMA in June during
the firsttest,

Next - partnering. testing
The next stage would be to con-
duct further runs, with partner-
ing MMA producers taking part
in the project using the samples
in production

PMMA samples have been
produced from batch and they
heve been compared to
virgin misterial.

Most samples within the
range can cope with odour is-
sues and behave the sama way
as virgin product in terms of
performance, when put under
accelerated aging tests.

A key next stage would be to
see if the technology can han-
die tougher, post-industrial ma-
terials, which may contain co-
polymers ar incrganics such as
scresns from computers o
televisions.

A good opportunity to coma
from the recent coronavinus-
pandemic is the widespread in-
westment in PMMA shests. used
a5 protective shields in hozpi-
tals, restaurants sz well as
shops, said Duboie.

The material is idesl for recy-
cling dus to the use of pure.

transparent acrylic shest. ac-
cording to Dubeis.

wasta collection

Collection of waste is stll &
major objective for the project,
which is locking at the potential
1 establish a comprehensive in-
frastructure across the 27 coun-
triesin the ELL

“For any business, your fife-
line is your feedstock - all reve-
nue is based on what you can
collect and convert.” sad Simon
van der Heigden, co-founder of
plastics recycling frm Heath-
land, part of MMAtwo, and coor-
dinator of the project.

The project hes successfully
wentifisd the multiple waste
straams in the EU, and is cur-
rently collecting 8,000 tonnes
acroes the bloc, an amount
expectad to increase consider-
the project continues;
product remains the

l=nge.

“End of In‘a is mare hidden,

and harder to collect efficiently,”
4 Van der Heijden.

He added that the pre-weat-
ment procsss being tested by
Heathlsnd has become one of
the projects milestones this
year, and a “fiwst of its kind”
mEurope.

WP2, PMMA depolymerization to crude rMMA
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Chrman MaATHS

“It needs to be driven by
consumers - the more
they ask for it the more it
will drive the change. if
theywant ... R-MMA then
they need to showup”

“All PMMA that is depolymer-
ised needs to be prerested;
however, 1o do this automati-
cally is new - waste coflection
and straight into pre-treatment,
into suitsble feedstock to de-
palymerise. Innovative separa-
tion technology and automat-
ed”

The two key arcas that will
gather momentum in the markst
for racycled MMA are govern-
ment targets and the price of the
product versus virgin monomer.

EU legal framework

Despite this being & partially
funded EL project, there i no
legisiztion currently in place for
this sector. Much of the govern
ment targets are relsted to pack-
aging, and so impact products
auch == polysthylens (FE), paly-
peopylens (PP) and poly=shylens
teraphthalate (PET).

“PE/PP warlduwide production
is more than 10 times that of
PMMA, it's essier to collect and
[it is a] lowervalse material”
said Dubors.

“You consume & lot of enargy
to depolymerise PE... You dont
save that much enargy. But you
da when you produce and recy-
cle PMMA; it is a material harder
to collect but its value is higher

Wrwicis.cam
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Simon van der Heijden (Heathland), Project Coordinator
simon@heathland.com. Tel: +31 30 721 0890; Heathland
B.V., Arkansasdreef 8, 3565 AR Utrecht, The Netherlands.

Jean-Luc Dubois (Arkema), Chairman of the project’s Executive
Board |
Jean-luc.dubois@arkema.com. Tel : +33 616200048

Maud Bossard (Ayming), Project Management Officer
mbossard@ayming.com. Tel: +33 472 3551 15

Website address : https://www.mmatwo.eu
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