ppca
Z RESEARCH &

INNOVATION
H_§SUMMW i

CAPITALIZING ON
INNOVATI@N: o % ¢

A GROWTH IMPERATIVE |
5th Edltlon | 11- 13 March 2018 Dubal UAE

"The Importance of Innovatlon in a Mature Industry

”How Antioxidants make new Polymer Markets Possmle

| Dr N|a|| Marshall
v EVERSPRING MIDDLE EAST

5




Overview

£h

- The polymer industry value chain

. Antioxidants and Stabilizers:
o What are they?
o Why are they important?

Mature Industries and Innovation

Innovation In the use of Antioxidants In
Polyolefins

- Conclusion
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Plastics Industry Value Chain
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Plastics Industry Value Chain

Monomer
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Plastics Industry Value Chain

Monomer Polymer
Producer
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Plastics Industry Value Chain
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Added at low levels~0,1%) to polymers
to protect the polymer against degradation

o most work either as radical scavengers or
hydroper oxi devitahend o mposer s

osome |1 ght stabili zers ab
screeno)

Antioxidants and Stabilizers
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Antioxidant Chemistries

Main Stabilizer Chemistries

' |
Hindered phenols | EVERSTAB

Phosphites &
phosphonites
Thiosynergists

EVERFOS
————
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Hydroxyl amines EVERSTAB FS
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EVERSPRING

Everspring Chemical Co. Ltd.

o established in 1988

o based in Taichung, Taiwan,
Eversprings one of thelargest
antioxidant producers in

the world (including specialty
antioxidants)
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Supplies complete range of

stabilizer chemistries

o Hinderedphenolicantioxidants

o Phosphitestabilizers

o Hindered Amines

o Hydroxyl amines
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(Some) Phenolic Antioxidants
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Plastics Industry Value Chain

Antioxidants
Processing Stabilizers
Light Stabilizers

Masterbatch Producer

Polymer Producer
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Plastics Industry Value Chain
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Antioxidant Requirements

Reactive

o React with the radicals, peroxides, etc. at a rate that
allows it to compete with the oxidation reactions

Chemically stable

o The antioxidant should not itself degrade during
processing and use

Compatible with the polymer
Safe

Regulatory compliant (including food contact use)
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Antioxidant Requirements

£h

These antioxidants provide very economical
performance

o e.g., typically costs < $10,00 to stabilize 1 ton of polymer

A the basicstabilizatioof polyolefins is usually much less than this,
but for demanding long term outdoor applications the cost will be
somewhat higher.
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Antioxidant Requirements

£h

These antioxidants provide very economical
performance

o €.g., typically costs < $10,00 to stabilize 1 ton of polymer

High costs to commercialise new antioxidants

A Chemical registration (e.g., REACH, TSCA, DSL/NDSL, IECSC,
TCSI, etc.)

A Regulatory approvals (e.g., Food Contact: FDA, EU, China,
Mercosur, etc.)

o Compliance costs depend on potential volumes (exposure)
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most polyolefins produced over the last 40 years
have been stabilized using one or more of the
following four antioxidants:

o EVERNOX 1@type

o EVERNOX 76étype

o EVERFOS lepe

o TNPP (polyethylene only)

These antioxidants provide excellent stabilization
performance and have broad regulatory approvals
for the ~164 million tons* polyolefins consumed

In 2017
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A Mature Market 1s a market that has Its
demand and supply in equilibrium

. A mature market has:
o few new products being introduced

o Increased competition
o decreased profitability

Mature Market
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Mature Market

£h

Is an industry mature because there iIs no
Innovation, or IS there no Innovation
because It IS mature?

o Or is there, In fact, Innovation even in mature
markets?
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N\

Ol n n o voasdmethimy a
company can make money with...6

Dr. Hariolf Kottmann
CEOQ Clariant
President of CEFIC (European Chemical Industry Council)
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Innovation can include

Strategic Innovation

o M&A, divestments, backward/forward integration

Process Innovation
o Production or business processes

Market Innovation
oSol ve [ someone0Os] prob

Customer
Customer 0s Jcustom
Society

and they need to be willing (and able
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Market Innovation Opportunities Ah

Customer
o New markets
A New polymers
Customer 0s Cust omer

o New market needs
A Processing conditions
A Service conditions

Soclety
o New regulatory requirements
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New Polymers

£h

catalyst and process advanced have resulted in
polyolefins with:

o different monomer distributions
o different MW and MWD
o different morphologiesheterophasit

containing
o different catalyst residues (initiate degradation)

and with better mechanical properties, but
expected to maintain those properties for longer
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New Polymers

. Which phases are more susceptible to
degradation? And which stabilisers are more
compatible with that phase?
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