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Polymer Application Centre

GreenPAC = CoE Smart Polymeric Materials (SPM)

An initiative of NHL Stenden Hogeschool (Emmen) and Hogeschool Windesheim (Zwolle)

Topics:
# Sustainable polymers (biodegradable, compostable, biobased, recyling)

# Biocomposites
# Sustainable fibers (biobased (bioPET30) and compostable (PLA) fibers)
# 3D printing

Details:
# www.greenpac.eu
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Polymer Application Centre ~® —©®

Information Technology ! /
Life Science ’
Mechanical Engineering

Master course:
Polymer Engineering

Laboratories:
NHL Stenden
Emmtec Services
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Polymer Application Centre

Senbis Laboratories
=applied polymer research=

Stenden Laboratories

S : gl Fiber spinning machines (small & large)
=engineering plastics=
Rheological measurements (extrusion . ‘
Injection moulding machines (4) H | rheometer)nsc Ch D Emmtec Services Laboratories
Extrusion line for monofilament and profile ermal measurements (DSC, 2 =analytical services= 3
Twin-screw extrusion compounder ate.)
Certified testing facilities Wet analysis

Composites (thermoplastic and thermoset) I

MyConcept
=fabrication laboratory=

Education
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Polymer Application Centre

Master Polymer Engineering (together with RUG, Wageningen UR, and UT)

New Business Development (since November 2013) :
# Centre of Open Chemical Innovation at the Emmtec Industry & Business Park (Emmen) :": 2
# iLAB at Polymer Science Park (Zwolle)

Oon S.lt.e:
g DSM EP

mid
ijin Aram
iﬁérssmkh of plastics

# Bonar

- inverko plastics

An initiative of

NH
STENDEN w
Windesheim

i |



NHL Stenden University of Applied Sciences

Professorship Sustainable Polymers / GreenPAC
3D printing (FDM en SLA)

Biopolymers, biobased and/or biodegradable

Yarns and fibers
Biocomposites

Professorship Circular Plastics
* Mechanical recycling
* Chemical recycling
* Product design

Professorship Green Logistics
Professorship Computer Vision
Professorship Water Technology

CIRCULAR ECONOMY - an industrial system that is restorative by design

ImCreasingly powered by
renewable energy

@ : Mining/materials manufacturing

Parts manufacturer

' '

Techmical cycles

Extraction of
biochemical
Feadstockd

Leakage to be mindmised

@ SLLEN MACARTIUR FOUNDATION
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. Classification of Plastics & /4
Polymer Application Centre 4 . -j'f.
Biobased g |
."' ‘M
o
Biobased '
Bioplastics Bioplastics &
gm :ET m Biodegradable and biobased
B!'abam PA P8s Biodegradable
Biobased PTT Starch blends
Non .
biodegradable Biodegradable
Conventional Bioplastics
plastics PBAT
PE PCL
PP
PET etc

Fossil-based
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Polymer Application Centre

Biopolymers: biobased and non-biodegradable

boﬂie
fo plant-based
ecyclable bottle

biobased PET

W
blobased PTT

e Smal TST] an d

biobased PE
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Biopolymers: biobased and biodegradable

Photosynthesis Fermentation p OOTS
,\ Com ,\ natural-compostable’

H lLucﬂc Acld)
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»
Dehydration

Aerobic Bacteria
I ngOpm‘umj _ 1 .
'l' Hy drolytic LA Polymerization
H 1 Degradation (Lactide)
(Lactic Acid) o V
or

Enzymatic
Breakdown

PLA Blodegrading Pro

PLA (polylactic acid) Day 1 = Day28 Day 38 Dav53 Day 80
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Polymer Application Centre

R&D topics GreenPAC:

New materials and applications for FDM 3D printing techniques

® HEATED

Fl
. EXTRUSION HEAD
MATERIAL SPOOL
MOLTEN MATERIAL

SOLIDIFITED MODE]

I ©.: 11 ORM
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Polymer Application Centre

R&D topics GreenPAC:

* New generation carpets from recycled PET bottles (mechanical recycling)
* Improvement of quality of recycled plastics (mechanical recycling)

* Chemical recycling of PET
J W W, W T e
. L BTy e
B s
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Polyester
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Polymer Application Centre

R&D topics EDR:

New generation biodegradable fibers (e.g. PBS or PLA)
New generation compostable carpets from corn (PLA-based)

LAk RAS Iy
b+ | 1 1
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Polymer Application Centre

R&D topics EDR:

* Biocomposite bridge for Wildlands Adventure Zoo
* Biocomposite Solar Boat

* “Plantpaal” for bank protection

Bioresin characterisation
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Polymer Application Centre
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Polymer Application Centre
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Polymer Application Centre

Flax wall covering

Flax underlay

Ihist gtiee Vitwent Coutedia

Flax floor / plinthes

Flax & hemp insulation

Insl e Flax roof lining panel

Hemp

| concrete
: ; Wall / Hemp

concrete

j.__J
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Polymer Application Centre

R&D topics EDR:

* Fermentation technologie (investment in laboratory bio-reactors)
* Scale-up of fermentation technology with Drenthe College CIV

* Fermentation of glycerol to functional monomers
* Fermentation of biomass

Bio@ﬁﬁgie
op boerenbedrijf
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NHL Stenden University of Applied Sciences

Professorship Sustainable Polymers
* 3D printing (FDM en SLA)
* Biopolymers (biobased and/or biodegradable)
* Yarns and fibers
* Biocomposites

Professorship Circular Plastics
* Mechanical recycling

* Chemical recycling
* Product design

Professorship Green Logistics
Professorship Computer Vision
Professorship Water Technology

CIRCULAR ECONOMY - an industrial system that is restorative by design

Increasingly powsred by
rendwale energy

@ ‘ Mining/materials manufacturing

Parts manufactsrer

R

©

Techncal cycles

Resor 0t ion

Mainterfance

Collacthon Callaction

! |

Energy recovery

e

Landfil

Extraction of
blochemical
fewdstock”

Leakage o De minimised
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TODAY, PLASTIC PACKAGING MATERIAL FLOWS ARE LARGELY LINEAR
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WITH AN EXPECTED SURGE IN CONSUMPTION, NEGATIVE
EXTERNALITIES RELATED TO PLASTICS WILL MULTIPLY

2014 2050

INMMT 1,124 MT

1S >11
PLASTICS' SHARE
OF GLOBAL OIL
CONSUMPTION?
o
[34 20%
1% 15%

PLASTICS
PRODUCTION

RATIO OF PLASTICS TO
FISH IN THE OCEAN'
(BY WEIGHT)

PLASTICS' SHARE
OF CARBON BUDGET*

ECOMHOHIT P ELLEN HUE FOUMDAT KM, MOKIMBEY & COMPAMNY,
A HEW PLASTIC S ECOMOMY: RETHINMNING THE FUTURE OF PLASTICE {J0W)
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THE NEW PLASTICS ECONOMY

CREATE AN EFFECTIVE AFTER-USE
PLASTICS ECONOMY

DECOUPLE PLASTICS FROM 2
FOSSIL FEEDSTOCKS

WOSLD ECOMNOMIC FOSMAM, ELLEN MACARTIAN FOUNMDATION, MOCKSMEY B COMPANY,
A NEW FLASTIC B EC OSSO T m“w“? OF FLASTRCE { FOME)
L A T P L BT D0 R ORI UL VA T O

1 Anasrobic digaston

PRASTICALLY REDUCE THE
LEAKAGE OF PLASTICS INTO
NATURAL SYSTEMS & OTHER
NEGATIVE EXTERNALITIES



Projects Mechanical Recycling

Professorship Circular Plastics

» Waste odor PP after long period (Philips)

* Waste odor from foils (Omrin)

* Closing the Loops

* Grease removal of PET trays (Cumapol)

* Water, energy and chemicals recovery out of washing procedure (Wafilin Systems and Westra RVS)

* Recycling PLA (LIMM)

» Detection of plastics in cooperation with Professorship Computer Vision and SME companies.

* Application of recycled plastics of Omrin in products of Lankhorst and New Marble, and projects within
plastic processing companies.

* |Introduction circular plastics for products in the construction sector.



Closing the Loops

Plastic Packaging OMRIN

8%

<

m PET 328

m HDPP 324

m HDPE 329
Folie 310 groot

m Folei 310 klein

m Mix

W PET schalen



Closing the Loops

CLOSING THE LOOPS
(1) recycied botties

Omrrin, Philips, Cumapol, Lankhorst, (Inverko), Morssinkhof
NHL STENDEN

I~
RE P@E VE
PE / PP
PET
Optimize Mechanical Recycling

Washing procedure

Separating

Shreddering



Closing the Loops

Materiaalspecificaties Philips aan het eind van de keten

Aesthedcs Partdes Gloss

Semi-

crystaline

Copolymer
PP




Grease removal of PET trays (Cumapol)

* Wasprocedure on a small scale * Wasprocedure on a large scale
* Washing with NaOH and Tubiwash * Shreddering of PET-trays
* Rinsing with water * Rinse
* Drying * Washing with NaOH and Tubiwash
* Rinsing with water
* Drying

* Infrared spectroscopy (IR)
* Determing functional groups

 Differential Scanning Calorimetrie (DSC)
* Determing melting and congealing behavior




Detection of Plastics with FX-17 camera

* Differentiating between different kind of plastics
* Shape, colour, content, additives

* FX-17

* Research: Hyperspectral Image a solution
in combination with neural network?




Plastics - Spectra

* 900-1700nm, divided over 224 bands

Band 1 Band 80 Band 208
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Detection of Plastics with FX-17 camera
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Plastics Recycling Methods

Methods of plastic recyclTng

Seconéany recyclifng

‘ TertTary recycling

Quaternary recycifng

Using uniform and uncontaminated plastic
waste to manufacture plastic products
(reprocessing) can be used alone or added to
virgin resin at various ratios.

Mechanical Recycling: using recycled plastic waste
to manufacture new plastic products.

Converts discarded plastic products into
high-value petrochemical or fuel feedstocks.

Energy Recovery: the useful retrieval of the
energy content of plastic wastes by its use as an
energy source to produce products such as steam

and/or electricity.



Tertiary Recycling of Plastics (Chemical Recycling)

4 (\ork in progress: biocomposites)

Chemfcal

recyciing

Tert. Recycling

(ChemolysTs)

| ThermolysTs |

(Feedstock recyclifng)

* Chemical recycling (chemical depolymerization of chemolysis) only possible
with condensation type polymers: polyesters (e.g. PET or PLA) or
polyamides (e.g. PA6 or PAG,6)

* Thermolysis is possible with all polymers, including (bio)composite
materials.



Chemical recycling of PET

Products not suitable for mechanical recycling (secondary recycling)

Our focus:
* All-polyester carpets
* Multi-layer PET films
» Textile products (including sports shirts)

HydrolysTs Water

GlycolysTs Glycol _
—

MethanolysTs Methanol

AmmonolysTs AmmonTa

AlcoholysTs Alcohol




Chemical recycling of PET
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Three Process Steps

* Depolymerization of PET with ethylene glycol to BHET
« Purification of BHET (removal of dye stuffs and particles)
* Repolymerisatie of BHET to PET

B Process outline

DAST TA
refinement ||| Production

Esser
exchange
4’%

FPET resin
[—OC—(&—CO0O—CHCHO~ ],
BHET
HO—CHiCH—OOC—{ O — COO—CH=Clz—0
oMT
H:COOC— O —COOCH:
EG
HO~ CHLCH— O




Depolymerization of PET

Process optimization in a 3L glass reactor:
» (Catalyst (zinc acetate)
* Ethylene glycol (excess?)
* Process parameters (e.g. temperature profile)

at start final situation

* Composition (BHET, dimer, trimer etc.) of resulting product, by means of HPLC




Product Development

* Circular Plastics LivinglLabs

* Blokhuispoort (FDF)

* Concepting & Prototyping Lab
* Starting in 9-2018




Product Development

e
Focus op LDPE, PET — Shortlist:

* Draka/Prysmian
Design pressure cooker —> product development

* Probo Sign
Workshop Probo Circulair; circulair shopping

* DVC

PET recycling; development sustainable chains
* Sphere

Quality of recyclate, blending recyclate

* New Marble

PET trays for Marble tiles



Product Development

Methods circular product development

* Erasmus + project

Online database (open source)

Circular product development manual

Student projects Ireland, Catalonia

September 3™ students in Leeuwarden
Selection new projects June // N



Education

Minor Circular Plastics
* Minor Sustainable Polymers

* Minor Composite Design Solutions
* Minor Bionics

* Minor Polymer Product Engineering
* Minor Composites

* Master Polymer Engineering



Minor Circular Plastics

« Circular Economy
Ellen MacArthur, People Planet Profit, Business Models,
Green Logistics and Product Life Cycle

« Packaging Technoloy
Methods of packaging, packaging policy, design

methods, legislation and standards

« Mechanical and Chemical Recycling
process technology, washing procedures, shreddering,
sorting

« Polymer Chemistry / Polymer Technology

« Research and Literature
Research methods and literature review

« Practice and excursions

 Research Project Circular Plastics
Research within NHL Stenden or external partners;
Omrin, Philips, Morssinkhof, Lankhorst, Huhtamaki or Circular
Friesland



Recycle laboratory NHL Stenden

\
§
i
S

\ B == Q’ %
I’ — ‘ e —
Koeling (opslag afval)
Sorteer/ = 230 ! Magazijnstelling 4000 x 600
voorbereiden 5
: 1= a
I -
hygerne | e s p— Verwerking' onderzoek van
e O ! het gerecycled materiaal
28500 | ca. 16ma _
H Viuchtroute wrijhoudeni!
Ewetra
-N Garderobe
o 1200 - g Werkkleding | I
¥ £
BTJ ﬁ Ontwerp en inrichting: 1e fase recycle lab.
s in het Bouw / Civieletochniek laboratorium

opdrachigever Lacioraal circulasirplasicse



Test Centre Recycling of Plastics
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