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INTRODUCTION

What do DNA, plastic bottle or wooden have
in common?

Polymer from Grec ‘Poly’=Many + ‘Meros’=Part

Polymers are very large molecules that are made up of \}//2
thousand - even millions - of atoms that are bonded together in
a repeating pattern : §|

& nm

molecular links in the polymer chain

A polymer is easily repeat units
visualized by formed from one or more molecules called
monomers

imagining a chain
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INTRODUCTION

Plastic from Grec ‘Plasticos’= Able to be molded

Solid Liquid Gas
boil '
100 °C
condense
o O
O
@)

Polymers:

Glass transition
Solid glassy - Solid Rubbery
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INTRODUCTION

Plastic from Grec ‘Plasticos’= Able to be molded

Crystallinity
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polymers
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INTRODUCTION

A variety of plastics for different needs

Spectacle frames and Mattresses and Window frames, Toys (PE-HD, PE-MD),
plastic cups (PS), insulation panels, etc. flooring and pipes, etc. milk bottles and pipes (PE-HD), etc.

OTHERS

10.7

packaging (PS-E), etc.

PTFE ABS PC

Films for food packaging (PE-LLD), Folders, food packaging hinged caps, Teflon coated pans (PTFE ), hub caps (ABS),
reusable bags (PE-LD), etc. car bumper, etc. roofing sheets (PC), etc.

European plastics demand* by polymer type 2014

Source: FlasticsEurope (PEMRG) [ Consultic / myCeppi
* EU-2B+NO /CH



INTRODUCTION

C, to C, gases

liguefied petroleum gas

. Only 4% from
crude oil

fractions ———
decreasing in ' -
density and ——
boiling point Jl' Cs to Cg napjta
/Il chemicals
JL C, to C, petrol  petrol for vehicles
{gasoline)
i | CotoC, jet fuel, parrafin for
St kerosine lighting and heating
increasing in (paraffin oil)
density and
boiling paint
C14 to cz-u diesel fuels
crude il diesel oils
R,

crude oil
100%

oy D

m S
lubricating oils,
waxes, polishes

lubricating oil

i B0 e
fuel oil

and central heating

> G, residue

bitumen for roads
and roofing

fuels for ships, fa:tn!es
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POLYMER CHARACTERIZATION
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LaBORATORY OF Porymeric AND ComposiTe IMATERIALS

ENVIRONMENTALLY FRIENDLY, BIO-BASED
&

HIGH PERFORMANCE POLYMERIC MATERIALS

THE KEY-ROLE OF SUSTAINABLE CHEMISTRY IN NANOTECHNOLOGY AND MATERIALS SCIENCE

* Founded by Prof. Philippe Dubois in 1997

* About 55 people : - 4 professors (UMONS & FNRS) t . l Eﬁﬂ}g
- 25 scientists & postdocs mau mg&];}cﬂsné " R0 T
- 15 PhD students D ENGINEERING
- 8 technicians
* Member of 2 research Institutes

4 MateriaNova
v RIALS Ra N TR * Member of 2 research Centers

CIRMAP

Center of Innovation and Research

in Materials and Polymers ° Founder Ofl Spin Off

nano®
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Design of biocompatible polymer vectors for gene - Design of new monomers/initiators and catalysts,
therapy or drug delivery, - Development of controlled/living polymerizations,
Synthesis of biodegradable soft hydrogels for tissue - Application of quantitative organic transformations.
engineering or drug delivery,

Development of molecularly imprinted polymers
Surface functionalization of biomaterials.

GReen CHemisSTR

Fstereo-

materials

1IMINS RFSFARTCH INSTITITF
FOR MATERIALS SCIENCE
AND ENGINEERING

health

UMONS RESEARCH INSTITUTE
FOR HEALTH SCIEMCES:

- Confinement of particles within polymeric phases; ANCTECHHOLEEY
- (Nano)structuration of polymeric materials;
- Structure/properties relationship

(fire, thermal, electrical, mechanical, barrier ... properties) . pevelopment of renewable polymeric materials/nanocomposites;

PA/PP blend

- Reactive (melt-)processing through blending, polymerization, etc.;
- Smart properties including shape-memory properties.

Stress (MPa)

Physical integrity preserved

Deformation l

‘Structural scaffold correlation




PROCESSING LAB

Vertical screw

Horizontal screw
extrusion

()

Internal mixer
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PROCESSING LAB

S Small film
= ' Qcasting Q
Injection T ¢t

Molding

Press high = M\’_ M

O pressure

film casting .



CHARACTERIZATION : THERMAL ANALYSIS

Dynamic mechanical thermal analysis ou DMTA 14



CHARACTERIZATION : MECHANICAL PROPERTIES

Force MMeasurement

Grips for

Holding

Specimen ( Sﬁ\, Fixed
Firmly *bl Head

Test Specimen

a

A g o —

+ Thickness 1/8"
Constant Rate
of Motion

stress o

brittle
b

Necking is an experimental artifact

4

necking

Why ? What is it ?

PR

Area : energy to
break = Toughness

e

strain €
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CHARACTERIZATION : FIRE RETARDANCY PROPERTIES




CHARACTERIZATION : TRANSPORT ANALYSIS

01 Bouteille de gaz; 02 Pompe a vide; 03 Tuyau de la pompe a vide; 04 Appareil de mesure

05 Cellule de mesure; 06 Valve du vide; 07 Ordinateur et imprimante

Film polymeére |

/'—1 Vapo-Cup |

— =
Desséchant
T=23°C ; HR=80%

*PTFE Yapo-Cup » e
Poids : 40 g .
Diamétre échantillon : 30

{

Armoire dessicatrice I

17
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EUROPE PLASTICS DEMAND

Plastics* production is stable in Europe and grows globally

2004 2007 2009 2011 2012 2013 2014

World

Plastics production

in million tonnes Europe
(EU2B+NO/CH)

0020600600 g
2004 2007 2009 2011 2012 2013 2014 =

*Includes plastics materials {themm oplastics and polyurethanes)
and other plastics (thermosets, adhesives, coatings and sealants).
Source: PlasticsEurope (PEMRG) / Consultic Does not include the following fibers: PET-, PA-, PP- and polyacryl-fibers,
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EUROPE PLASTICS DEMAND

Plastics meet the needs
of a wide variety of markets

Distribution of European plastics
demand by segment in 2014

Agriculture Electrical& Automotive
electronic

Building & Packaging Others*
construction

* Others: include sectors such as consumer
and household appliances, furniture, sport,
health and safety




When you think of plastic for food packaging,

what springs to mind?

Positif

Plastics:

the material
for the

21 century

" http://www.plasticseurope.org/Document/
how-plastics-help-protect-the-
planet.aspx?Page=MEDIA&FolID=3

" http://www.plasticseurope.org/Document/
plasticstoo-valuable-to-be-thrown-away---
english.aspx?Page=MEDIA&FolID=3

Négatif
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When you think of plastic for food packaging,

what springs to mind?

Positif

In 2014 plastics recycling and energy recovery reached 69.2%

In 2014, 25.8 million tonnes of post-consumer plastics waste ended up in the waste upstream.
69.2% was recovered through recycling and energy recovery processes while 30.8% still went to landfill.

Recycling
29.7%

Energy
recovery
39.5%

25.8mt
of post-consumer
plastics waste

Landfill
30.8%

Treatment for post-consumer plastics waste in the EU28 + Norway and Switzerand
Source: Consultic

Négatif
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When you think of plastic for food packaging,
what springs to mind?

From PlasticEurope

therma,

receipf poper sports bolles

= Plastic packaging is
essantial far processing,
storing, transpafting.
protecting and
preserving products.

BPA/BPS

CHARGE: HORMONE DISRUPTION

canned
food

Phthalates in soft PVC products used in @
food production equipment and in other

food contact materials on the Danish and
the Nordic Market 2013-2014

> Plastic F ::f Jens Hajslev Petersen’® and Lisbeth Kriiger Jensen
means maore with less:
lesswaste, less energy, z
less resources used, Abstract
reduced cost and lower Background: Food contact materials (FCM) containing phthalates can be a source of food contamination when

used in plastics for food production equipment, in utensils for food contact and in packaging. Since 2008 several of
the phthalates used for FCM were regulated in the EU; some of them because they were well-known endocrine
disruptors. Results of the Danish Food Authorities control in 2008 and 2009 showed 23 % non-compliant samples.
Critical FCMs tumed out to be those made from plasticised PVC and sold as suitable for contact with fatty
foodstuffs. Targeted follow up control campaigns were therefore arranged by the Danish food authorities (latest in
2013) and by the Nordic food authorities in a common campaign in 2014,

Findings: FCM plastics were analysed for phthalate content and when needed additionally tested for migration of
phthalates according to the declared area of use with respect to food type, contact temperature and time in
contact with food. In both recent control campaigns about 1/3 of the samples analysed exceeded the curent
maximum limits for phthalates (especially DBP and DEHP) in plastics or showed migration into the fatty food
simulant above the specific migration limits, Critical sample types were conveyor belts, hoses and gloves.
Conclusions: Legal limits for phthalates were exceeded in many of the samples analysed in recent tests, including
a large proportion of conveyor belts and gloves. The proportion of non-compliant conveyor belts, hoses and
aaskets was lnwer in 2013 and 2014 than in 2008-2009. whereas the nronortinn of non-comnliant aloves increased

GHG emissions across

the full life-cycle of
the product.
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J THE PLASTIC’S DEMAND IN EUROPE

= SOME GLOBAL FIGURES...

PrROS & CONS
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WHAT WAS A GOOD FOOD PACKAGING?

J Less food waste from production to shelf : In its 2011 report, the FAO stressed that one of
the reasons behind food losses and waste in developing countries is the lack of appropriate
packaging solutions. In Europe, only 3% of all products delivered to customers are spoilt
between production and transport thanks to packaging, compared to 40% in developing
countries.

L From pre-baked bread rolls packed under nitrogen, to meat protected by oxygen-barrier

plastic films, food is kept fresher for longer thanks to plastic packaging. The more plastic

packaging is used to extend shelf-life, the more food is saved

The shedf-life of besfl
; ican be extended by Mve Only 1.5 grams of
Seffing grapes in brays to ten days, or even F, WIEpping plastic can
O bags has reduced longer, when wsing the : keep 3 cucumber fresh
in-store wasle of grapes most advanced plastic for 14 days.

by 20%. packaging solutions.

25



WHAT WILL BE A GOOD FOOD PACKAGING?

Less Pollutant, of course.... reducing again the environmental footprint

Solid protection inspired by nature Just like a nut is protected by a shell, plastic packaging
provides unequalled physical protection for many foods. For instance, egg breakage is

reduced by 80% when using plastic egg packs instead of alternative materials

_— -g;
Avoid a bad impact on health...using natural additifs... |

A glimpse of the future : Plastic packaging can already triple shelf life thanks to its unique
properties that allow for resealable portioned films and packs, anti-microbial agents,
humidity control systems and modified atmosphere packaging solutions. In the near future,
innovations will become available such as printable RFID tags (Radio-frequency
identification) that provide warnings of changes in temperature and humidity levels that
might affect the integrity of the product. Absorbers and emitters of natural occurring
gaseous substances that prolong shelf life are already entering the market. In the future,
biosensors that detect bacteria and viruses will pave the way to safeguard the quality and

ey
U2 g 26

safety of food for consumers whilst further reducing food waste.
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OUTLINE

] Focus 1 : FOOD PACKAGING

J

= WHAT WAS A GOOD FOOD PACKAGING?

= \WHAT WILL BE A GOOD FOOD PACKAGING?
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PACKAGING : FROM POLLUTANT POLYMER...

Including biobased
and bi polymer

Packaging 39.4%
Building & ! 205%
Construction T
Automotive ¥ ,!' B.3%
- B F.. r F S'q'%
Electrical & Electronic 2 T - & B . D *
Others e—- ! ; ' d J 7 J J_J__ 26.4%
I I

D 9 % L s A o &
X & & & & & 7 & < & d“@-ﬁ &5
qﬁr}g {F‘ﬁq
ol

European Plastics Demand™® by Segment and Resin Type 2011
Source: PlasticsEurope Market Research Group [PEMRG)
* El-z7+N /CHincl Other Plastics (~5.7 Mtonne)
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...10 Biobased And Biodegradable Polymer

Packaging, building & construction and
automotive are the top three markets for plastics

Including biobased
and bi polymer

Packaging

Building & |

Construction

Automotive

Electrical &

Electronic |

Others |

39.5%

20.4%

8.6%

26.1%

G o
& &

European plastics demand* by segment and polymer type 2014
Source: Plastics Europe (PEMRG) [ Consultic [ myCeppi
* EU-2B+NO JCH




CHALLENGES FOR FooD

WE ARE HERE . .
PACKAGING Reduction of oil
roracon ressources
Biobased and
biodegradables
EOMore DEUEleEd Countries ELess D polymers

Increase of

consumers i35

Safe healthy

5]

0
1750 1800 1850 1900 1950 2000 2050
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DEFINITIONS

[ What is a “biobased” plastic? A biobased plastic is made from renewable
resources instead of fossil fuels. Examples of renewable carbon resources
include corn, potatoes, rice, soy, sugarcane, wheat, and vegetable oil. A

biobased plastic can be partly or entirely biobased.

J What is a “biodegradable” plastic? A biodegradable plastic can degrade by
naturally occurring microorganisms such as bacteria, fungi, and algae to
yield water (H20), carbon dioxide (CO2) and/or methane (CH4), biomass,
and inorganic compounds. However, the environment and timeframe must
be specified in which biodegradation is expected to occur, otherwise the

claim is meaningless.

31



DEFINITIONS

Biobased

Non '
biodegradable Biodegradable
and biobased and biobased

e.g. Biobased PE, e.g. PLA, PHA,
PEE P& FTT PBS, Starch blends

Non

biﬂdEgl’ﬂdﬂblE ...................................... Bindegradahle

Conventional Biodegradable
plastics and fossil-based

e.g. PE, PP, PET : e.g. PBAT, PCL

Fossil-based



BIOBASED POLYMER

Directly extracted by biomass

v

Polyssacharide

!

Starch
Potato

Lipids

!

}

Maize
Wheat
Rice
Derivatives

Animals
Casein
Whey
Collagen/Gelatin

Plants
Zein
Soya

Gluten

(Cellulose, Cotton, Wood,
Pectins, Chitosan,...)

Classically synthesized from
bio-derived monomers

l

Polylactides or other
Polyester

v
Proteins

Cross-linked
Tri-glyceride

Polymers produced
directly by organism

l

PHA
Bacterial cellulose
Xantian
Curdian, Pullan

33




POLYLACTIDE
A MOST PROMISING BIOBASED AND BIODEGRADABLE POLYMER FOR FOOD PACKAGING

Fa 1, :
q;i[} #@{ Hydnolysis
Photosyntheasi & % _‘
L0+ 0, Com  guoar ..
ﬁnmmltlm
Fermantation

Molded ™= &
l[tams |

A4 ﬁ Lactlc Acld

Molding R Polymerization
PLA




CURRENT APPLICATION FOR PLA

1 Others
7%

g Fibers
23%

m Packaging
70%



POLYLACTIDE
A MOST PROMISING BIOBASED AND BIODEGRADABLE POLYMER FOR FOOD PACKAGING

&

PUrac

- '..
i
i
r

Coffee at 100™C

AMOrphows PLA Heat resistant PLA
baced on PLRALACT®

v" Drawbacks of PLA include low gas barrier properties or a low resistance to conditions of humidity
v" Challenge :
1. Improve the barrier properties for food packaging application
2. Improve the durability of packaging, with given storage conditions, while maintaining its

biodegradability, when no longer used

[1] Siracusa V. et al., 2008. (19):p.634-43, Trends in Food Science & Technology. 3



Oxygen permeability (¢cm® (STP)/m? d bar)

TRANSPORT PROPERTIES OF PLA

1000 O
rp e pra
e (X)
| Ketchup
100 '
Tablets sauces
(blister) Nuts,
PETsnacks
10 - Oil
. Coffee instant Meat/MAP
UHT milk
01 - : Coffee vacuum
. Spe.cml, Reer
infusions,
baby food
0.01 == I I
0.01 1 10 100

Water vapour permeability (g/m- d)

[1] Siracusa V. et al., 2008. (19):p.634-43, Trends in Food Science & Technology.
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