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The World’s premier provider of specialized polymer materials, services
and solutions.

o $2.7 billion international polymer services company

2 More than 35,000 specialty and commodity products

2 51 manufacturing facilities & 13 warehouses in 20 countries
> More than 10,000 customers in 35 countries

> 4700 Employees
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PolyOne Provides
Services to polymer producers, end-users, designers and processors in all markets

PolyOne’s Advantages:
- Global reach: local supply from international operations and JV
- Fully integrated IT network
- Broad market reach and knowledge
- Wide range of masterbatches and compounds with:
Unbiased material selection
Customised grades
Consistent quality
Fast flexible delivery



Industries PolyOne Serves

Appliance Automotive
Building & Electrical &
Construction Electronic
Consumer Hel\a/llg:jci?: &
Industrial Packaging

Wire & Cable Textiles
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> PolyOne Certification on defined standard for sustainability

Renewable:

whole or in part on renewable resources
- Reusable:

Packaging and other logistics-related systems which are easily returned
or reused

- Recyclable:

post-consumer or post-industrial recycle content

design for recycling such as PlanetPak™ packaging system
- Eco-friendly composition:

lead, bisphenol-A (BPA), phthalates, or halogens replacement
- Resource efficient:

reduce part weight or material consumption,

enable faster cycle times or

lower energy consumption
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PolyOne

The PolyOne Sustainability Promise

As the world’s premier provider of specialized polymer materials, services and solutions, PolyOne is
committed to meeting the needs of the present without compromising future generations’ ability to meet their
needs. We are committed to creating value for our ci , emp ities and

through our dedication to ethical, i and fiscally ible principles.

* We will put our Customer First by helping them grow their businesses with innovative, safe
and environmentally sound solutions following the principles of trust and environmental stewardship
established in our groundbreaking No Surprises Pledge "

* We will strive to minimize our envi impact and maximize our conservation of the carth’s
resources by using energy-cfficient technologies, recycling more, reducing waste, continuously

improving operating efficiencies and driving operational excellence.

* We will provide a safe workplace for our employees and will protect our communities by
continuously improving our world-class environmental, health and safety performance.

+ We will create opportunity for our employees by growing our business, building a more
diverse workforce, investing in world-class training and development, and making PolyOne
the employer of choice.

- We will be involved in the communities in which we operate by building closer
relationships with charitable and public service organizations and encouraging our
people’s in local ility initiati

- We will work collaboratively with our suppliers to lessen the environmental
impact of logistics across our global supply chain.

- We will build strong relationships with providers of leading-edge sustainable
technologies.

PolyOne has establish e “Poh : ' o Soluti
certification to denote those products s that me
defined standards for sustainability in areas such 2

ability, recycle-ability, reusability friendly c

OF Nesource F:H:I:'EE‘TTE":.F.

or more information g
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Sustainability

Implications
. s
No Surpr|ses Pledge The Evolving Definition of Sustainability
Beyond Polymers. Better Business Solutions.” + The Orlginal Definition - The Brundtiand Commission originally defined sustainabiity as °..development

that meots the needs of the present without compromising the ability of future generations to mest their
own neads.”

Concepts and

At PolyOne, e =~ - Sustalnabliity Evolves to tho *Trile Bottom Line”—Paople, Pianet, Profit—Th “Trple Eottom Line"
sound solutions. This commitment is exemplified by our Nlo Surprises Pledge™ which we make ST gl o and tobe In balance
e L for a company to be viabla over the longerm. If any elemant Is Ignorad In favor of shortterm results

b = in any other area, tha company will uffer longtarm consaquences. This concapt also recognlzes that
environmentally favorable actvities which do ot ad sconomic value wil not be sustalnable. Similarl,
economically advantaged actions that do not recognize the envirnomental or socletal Implications wil not

+ You can be confident that, in formulating and manufacturing our materials, we use sustainable
practices to provide long-term product viability and sound environmenal stewardship.

e sustainable. Rather than ad h element Independentiy ail three elements should recelve equal
- You can expect that the materials we produce contain only ingredients that conform to Gonsideration and must be strateglcally allgned and Integrated. Over time, this new 106us Wil léad to
accepted legal and regulatory compliance guidelines. Innovation, and uitimately, to a redeflnition of the company, both Intemally (culture/values) and extemaly

. (brand reputation/image),
+ You can trust that PolyOne materials meet the rigorous quality and safety

‘management standards required across the globe.
« You can be certain that PolyOne meets or exceeds the material safety data The concepts of sustainable development suggest that
reporting requirements of your country or region. sctoamtey | seoeney  three Key elements... financial, environmental, and
g socletal... need to be in balance and strategically aligned
for a company to have long-term viabillty.

~ When you choose PolyOne, you can be confident our products will
help you meet or exceed today's stringent compliance standards. {

Biopolymers Development in o=

How is Sustainability Changing the Business World?

the Pol ymer Indust ry e T S e o e s

attention to issues including global warming, pollution, child labor, and business ethics among others. The
Intarnat Is making pervasive communication of concarns and Issuss raal-time as wall as creating a forum
for like-minded Individuals to shara Information. Whare snvironmantalists once relled upon ragulation, fear

J25) dateet s
Bulletin Environmentalism is becoming mainstream. Where

environmentalists once relied heavily on regulation, fear e

. o and confiit to drive change, enlightened environmentalists
Biomaterials Development in the and business leaders have discovered that collaboration
Polymer Industry ‘and innovation can deliver progress against both agendas.

Connection to Sustainability

Sustainabilty is commonly referred to as the “Triple Bottom Line ” or people, planet and profit, This business

philosophy balances financial considerations with environmental and socistal implications. A significant

element of sustainabiliy is the recognition that the Earth's resaurces are finite. As the global human om
population continues to grow expanentially, the strain on our fiite resources will be ever increasing, creating am
the need for innovative, sustanable solutions. The concepts of sustainabillty can be applied broadly to the

polymers industry on many levels.

Paper or Plastic? - T
Light weight (transport, ergonomics)

Energy savings (thermal insulation properties)

Satety (handling, breakage, electrical insulation)

. g:'eb"‘g 5 “While most plastics are petroleum based, they generally
SiEn iesdom offer significant financial, environmental, and societal

. .
Abllty to Recyole benefits compared to traditional materials such as metal, I m I I c at I o n S
Ease of Energy Recovery

glass and paper.”

The “7 R’s” of Sustainability
Within the plastics world, some advacates have expanded the scope of sustainability concepts to include *7
R's”. Below are these concepts along with some possible examples:

No Surprise Pledge

1. Reduce: down-guage or reduce packaging contents relative to product content; reduce energy
consumption through increased throughputs, process efficiencies, or reduced processing temperatures

2. Reuse: returnable packaging; refillable, reusable products

3. Recycle: reprocessing materials into useful applications at end of useful life

4. Remove: eliminate less environmentally attractive additives and ingredients from product and packaging

5. Renew: manufacture from renewable resources (i.e. plants) rather than depleting finite resources such
as oil, metals, and other materials.

6. Read: continual learning and education

7. Revenue: actions need to make financial sense and create economic value for society

This st of considerations highlights the fact that there are many options available to reduce the
environmental footprint and societal impact of plestics through material selection, part design, processing,
packaging, and supply chain considerations. Among these options is the broad class of *biomaterials” or
“biopolymers.”

there are many approaches availabe to reduce the
environmental footprint and societal Impact of plastics
through material selection, part design, processing,
packaging, and supply chain considerations.” Renewable

or Bio-based materials are an emerging consideration.
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> OnCap™ BIO & OnColor™ BIO

- Performance enhancement additives and colorants for bio-derived polymers
- Non-phthalate colorant masterbatches

2 OnFlex™ BIO
- Partly Renewable bases TPE’s

> Gravi-Tech™ & Trilliant™ PbF

- Lead replacement, high specific gravity compounds
BPA-free engineered material alternatives
Geon™ Vinyl non-phthalate compounds and plastisols
Geon™ Vinyl non-lead wire & cable systems

Wilflex™ Oasis & Wilflex™ Quantum One

- Non-vinyl, non-phthalate, and water-based printing inks
> ECCOH™
- Bromine-free & halogen-free solutions

> PlanetPak™ Packaging System

O 0O O 0O



> PolyOne Color & Additive BIO Solutions
- OnCap™Bio Additive Masterbatches
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Creating a new value chain

Oil & Refining
Gas &
Pumping Cracking

Polymer-
ization

Compounding
&
Distribution

Farming Bio-
& Transfor-
Milling mation

Polymer=
ization

Biomass & Monomer Polymer
Feedstocks

PolyOne connects raw material suppliers to market needs

Processors
&
Assemblers
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> PolyOne’s Family of Biopolymer Masterbatch Technologies

- OnCoIorT'VI Bio: Color masterbatches
- OnCapTWI Bio: Additive masterbatches
- SmartBatchT'V| Bio: Color & additive masterbatches combined

> Optimized for Specific Biopolymers
- PLA
- Starch and Starch Blends
- BioPolyesters

- PHA, PHB, PHBV

> Over 9 Years of Experience in Biopolymer Additives Development
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> PolyOne’s Color and Additive Masterbatch technologies help
facilitate biomaterials growth by:

- Biopolymers have limitations in performance attributes
- Improving performance properties
- Expanding the application base

- Enhancing the processability of these emerging technologies across a
range of polymer processing equipment

BEST

PRACTICES

AW ARD

COLORANTS & MASTERBATCHES
GREEN EXCELLEMCE OF THE YEAR AWARD

eofTIposta‘O\e Ala\\rmgn'r'rs
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BioPolymers — Performance

Limit number of proven product-market combinations e.g.

Mulch film
Organic waste bags
Festival service-ware

Key Challenges

Processing issues

Low Heat Distortion Temperature
Brittle (=/< Polystyrene)

Moisture Sensitivity

High Specific Gravity

Properties Change upon Aging
Flammability for Durable Applications
Thermal Stability

Rheology

High Cycle Times

Narrow defined value proposition
around biodegradation

Broad defined value proposition
around bio-based



OnCap™ BIO

®

Processing Improvement

Application Performance Improvement

- Slip

- Antiblock

- Antistat

- Mould Release

- Melt Flow Improver

- Optical Brightness

- Denasting

- Anti-Fog

- UV barrier

- Laser Marking

- Impact Improvement

- Transparent Impact Improvement
- Antistat

Processing in Development

Performance in Development

- Non-Reactive Melt Strength
Enhancer

- Reactive Melt Strength Enhancer

- Foaming Agent
- Hydrolytic stabiliser
- Plasticiser
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OnCap™ BIO L

OnCap™ BIO Additives Selection Guide

it
g
E
= 2
Bl & |5
Function Mame |Reference E E . F . 212
=1 = - e = o | & .
% & 8 ] Z|lE|e| 2
= E = B w c = = = L]
E |5 s £ 1':' i g E(L)s
& 2 gl e E ] dlelsl€|=|e]|®
= t |58 ¥ s|E|2|a|E|28]|5
= I I A = ldlglaflelolic]dl
[Antifo (concerrated) [AF BIO L 845 CCI010B463E G B PLA % % 0% | 1.67% "
Ao (dllutad) [AF BIO L 052 EEC e 30-33 PLA % % 0% | 6.67% "
[Entistatic ESBIOL Gz CCAMTET 128G T0-15% § PLA X X (G L | x| x| % | %
[Entistatlc + Anbblo: [REAT BIO L 304 CCIM52AMEG 0% PLA X X B Tarl % | X
[C=nesting agent [RELS B10 L adod CCA G 2AMEG B0 PLA X ® | B Ten X
Cacd concamrat [FLEIG L asan CCA0T0B540E G [ PLA % | d. | Blbide X
Chaln Extenider - viscoshy booser E BIO L 9637 CC DRATRG 0,5-3% PL& X E TR 250% ¥ | x| x x| x
Impact mcd Hisr IM BIC L 2585 CCA012585B6 25108 PLA X [H 250% X x| x
Impact mod Her (ransparsnt) IM BIC L 2427 CCA012127BG 2 51086 PLA X X EIRL 250% X X X
O L BE1T CC1D00E61TEG 4% PLA ¥ | B0 5,00% X % | x
O L 5711 CCASTIEG PLA X X gres | 100,009 x | x [ x
SLEIO L 8744 CCAMTET11BG 5T PLA X X 00% A.67T% X X
Optical Brighte ner | conce mraed) OB BIO L 0234 CCIDO02MED 12% PLA % % 00% | q0000% | = | = | = | = | =
Dptical brighie e | ained) OB BIO L G760 CC1DAETEIEG 2-25% PLA % % 00% Carl x| x| %
Iflaatlcmer [FZEICLarse CCA014752BG 520% PLA X F 0% 5,004 X X ¥ | X X
SIIp + Arniblock [RESL ETO L Er19 CCITETI9EG T PLA X [T 5510 x | % | %
NHEIOCK + SR [AESL B0 L Erig BRI REE 57 PLA X x| ol 610 x| x| %
Fmearmr-ﬁm VT Bl0 L Gand CCA071 5A00EG PLA X x| B | 5000 % | X
LIV Earrier - sheat] 200 -360 nm) WFEBID L d62y CCIMTABZTEG 5% PLA X X [l 000 | x X X
|V Earrier - sheet| 200 -290 nm) LN F BID L 4626 CC T4 2ERG 5% PLA X X [ 10,003 X X X
[WVE EIO L 03563 CCA 01 DIERE G 0612 PLA X X EIRS 2504 X X Fl X F X
[VE EIO L 0383 CCA0T103E8E G 0.6-1.2 PLA X X [H1 250% 2] x| x x| x
[AE EIO E 8528 CCI0090528E G 13% | Ecoflex x| 0% [ 100,00% X
JAS BIC E 4960 CC 01 2E0B G 0,05 Ecofiax X 0% 100, 00% X
SL EIO E 4602 CC D07 4602E G 10% Ecofiax X 0%, 110,003 X
Izip 4+ Araiblock AESL BIO E7520 CC1 0117 S20EG 1-2% | Ecoflex X 0% | 400,004 X
Warsion Contact:

20031203

binsclutions @ polwons.com
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OnCap™ BIO L for PLA Cast Films

®

Standard processing issues

PolyOne Solutions

- Slip -OnCap™ SL BIO L 8711

- Slip & Antiblock -OnCap™ ABSL BIO L 8713
- Antistat -OnCap™ AS BIO L 8712
Brittleness PolyOne Solutions

- Impact Improvement
- Transparent Impact Improvement
- Plasticiser

- OnCap™ IM BIO L 2585
- OnCap™ IM BIO L 2127
-OnCap™ PZ BIO L 4752

Application Perfermance Improvement

PolyOne Solutions

- Optical Brightness
- AntiFog

- UV barrier

- Laser Marking

- Denasting

-OnCap ™ OB BIO L 0234 & 8769
- OnCap™ AF BIO L 8463 & 9526
-OnCap™ UVF BIO L 4626 & 4627
-OnCap™ LM BIO L 6617
-OnCap™ ABAS BIO L 3494




OnCap™ BIO L for PLA Blown Film

®

Standard processing issues

PolyOne Solutions

- Slip
- Slip & Antiblock
- Antistat

-OnCap™ SL BIO L 8711
-OnCap™ ABSL BIO L 8713
-OnCap™ AS BIO L 8712

Narrow Processing Window

PolyOne Solutions

- Melt Strength Enhancer
- Reactive Melt Strength Enhancer

- Experimental Products
-OnCap™ VB BIO L 0368 & 9637

Application Perfermance Improvement

PolyOne Solutions

- Optical Brightness
- UV barrier
- Plasticiser

-OnCap ™ OB BIO L 0234 & 8769
-OnCap™ UVF BIO L 5308
-OnCap™ PZ BIO L 4752
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OnCap™ BIO L for BOPLA Film

®

Standard processing issues

PolyOne Solutions

- Antistatic / Antiblock
- Slip

-OnCap™ ABAS BIO L 3494
-OnCap™ SL BIO L 8711

Narrow Processing Window

PolyOne Solutions

- Melt Strength Enhancer
- Reactive Melt Strength Enhancer

- Experimental Products
-OnCap™ VB BIO L 0368 & 9637

Application Perfermance Improvement

PolyOne Solutions

- Optical Brighteners
- UV barrier

-OnCap ™ OB BIO L 0234 & 8769
-OnCap™ UVF BIO L 5308
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OnCap™ BIO L for PLA Injection Moulding

®

Standard processing issues

PolyOne Solutions

- Mould Release
- Melt Flow Improver
- Antistat

-OnCap™ SL BIO L 8711
-OnCap™ MF BIO L 5711
-OnCap™ AS BIO L 8712

Brittleness

PolyOne Solutions

- Impact Improvement
- Transparent Impact Improvement

-OnCap™ IM BIO L 2585
- OnCap™ IM BIO L 2127

Application Perfermance Improvement

PolyOne Solutions

- Optical Brightness
- UV barrier

- Laser Marking

- Platiciser

-OnCap ™ OB BIO L 0234 & 8769
-OnCap™ UVF BIO L 4626 & 4627
-OnCap™ LM BIO L 6617
-OnCap™ PZ BIO L 4752
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> PolyOne Engineered Material BIO Solutions
- PHBV compound for bathroom accessories

- Heat Resistant PLA compound
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PHBYV compound for bathroom accessories

™

o> Design Criteria a
- Based on PHBV PolyOne - fnn

PHBV-Based™
Biopolymer Compounds

- Suitable for Injection Moulding technology e

a proprietary, bic-based polmer compound
to create bathroom actessories that offer
cansumers an snvirnmentally sound option

Sltuation

- Impact resistance, scratch resistance e, e i, .

growing prosuct dosign firm that cencalves and oradtas homa and ofiss apcassonss.
To furthar Hs own corporata soclsl responsiiiity goals and meat growing consumer
darmand for srvronmantally rsspansbie producks, he campary Sought 10 dsvalop 3
“graan” solutien for the Nousa wares industry, ukimstaly focusing on & lina of bathmom
accsssorius. The objactive was io devalop products — including a seap/shampos
disparesr, inothonish holdor, wastohaskot and pup — AGrsntiated not only on th
bazls of ranawablke comsnt and bldagradablilty, but high-and sssthatks az well,

—  Durable in bathroom environment

Andy ¥an Mstar, CEC of Duslgn Idoas, sald, *Wo take prids In
making cur products In & snolally reeponsibls w3y, In tha ouss

of the Naw bathreom socassorks ling, we wars hawng dffioutly
finding & sourcs of rasin tht could mast our sustainabiity goals
whila deIvaring &n the furetienal requiramants of the applicatkn,
Mary candidztas could rat stand up o tha melst, wamm conditions
of & bathroom.”

-~ Need to withstand Dishwasher conditions

In addiien e being envrenmandally respensibls, ihe matarial

nesdad o provids axcallant infection molding performance. 1t alse
had i offer stiffness, durabliity, chemical and hest resistancs (for
automati: dshwashing], and coms In vBrant, ays-ostohing ookors.

The PelyOna Differance

Daslgn Idess sppmached Folydns with air chalkngs. Aftar
oolisborating clesaly with Dasign Idaas and its maidsr, FalOns
workid togethsT Wit 3 SUpplier of FHEN (poly.3-hydrooy Butyrats.
vowalerata}basad blepalymer resin - darived from 100 parcant
annually ranswahia rsurzas such as starch — to dewalop th
solution. FolyOns charmotarized the basa resin and conductad

3 sarias of aypar 1 lask that
would aford the right combination of processabiily and physios!
propartios whila rataining uMimata bindegradsbiliy. in sdditicn,
Fulydng pra-cokrad the compound 1o prowds |ottokot color
vonsiztancy are supsrer part appearance.

> Commercialised by Design ldeas

Tha PHEV-hasad tachnalegy Iowsragsd for Design Ideaz iz anothar
xamplk of PalyDna's Inncvative, aon-rusponsibla soiutions. Whan
uxpessed to microorganisms In compsst or soll, the FHEN based
matsrial dscompesas into carban diodds, wator snd blmazs.,
Howavar, It will nst deterorats In the open air <r with ardinary
ug. Tha FHEV bassd binpolymar can withsiand tomparaturss of
110 /220 F, and wil portinua to perform for years under nomal
condiilens.
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o> Design Criteria
- PLA based
- Translucent (not transparent)

- As high as possible renewable based content

> PolyOne consideration
- Use biobased polymers / additives

- Use potential biobased polymers / additives



Heat Resistant PLA compound P1 A @

Design of Experiments:

* PLA% in the blends studied ranges
from 35% to 72%
* HDT value ranges from 101 °C to 57 °C

* Neat PLA HDT is ~ 54 °C

20

30 50

A: PLA
HDT average (°C)

Testing Methods: Deflection Temperature Under Flexural 66 psi Load: ASTM D648
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A:PLA B:Y C:Z HDT average
Degree C
70.0 25.0 50 58.9
B5.0 15.0 20.0 897
B3.3 18.3 133 0.1
55.0 15.0 20.0 50.9
53.0 23.0 14.0 521
61.7 30.0 5.3 52.6
58.5 31.5 10.0 B2.7
52.0 28.0 20.0 59.1
57.5 3.5 50 59.6
475 32.4 20.0 7.5
43.0 32.0 20.0 §1.3
56.0 31.0 13.0 §2.2
54.0 36.0 10.0 §3.3
46.5 40.5 12.8 §9.7
35.0 45.0 20.0 96.5
45.0 50.0 50 96.9
45.0 50.0 50 96.9
42,5 45.0 1258 583
35.0 45.0 20.0 100.5

some components of materials Y and Z could be bio-derived in the future
renewable content between 70 — 92 %
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> Improving two different angles
- Increase the biobased content of Engineered Compounds

- Increase the performance of biobased polymers

> Customer Benefits
- Ability to fulfil sustainable target through biobased polymers
- Performance and biobased in one solution
- Price in the range of engineered materials
- Available in commercial quantities
- No special PLA grade needed
- Grades for Injection Moulding & Extrusion

- Use in Consumer Products, Consumer Electronics
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> Biopolymers have some great key attributes

> Biopolymers need improved properties in many performance areas
- Color concentrates improve the aesthetics
- Additive masterbatches improve the performance

- Compounds can shift the paradigms of bioplastics performance

> Compounds & masterbatches are a necessity to a successful bioplastics
industry.



Thank You

Marcel Dartee
Marcel.dartee@polyone.com
+316 29457177
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