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DuPont & Ethylene CoPolymers Business
Historical Perspectives
Products & Applications

Recent Market Driven Applications

mmi  Encapsulants for Photovoltaics

m=s 100% Thermoplastic Golf Ball Cores
Breathable Carpet layers

Breathable Films for Corrosion Protection
Permanent Polymeric Antistatic Additives
Moldable Ski Boot

Vamac Ultra LT Elastomers
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With Danisco Acquisition, DuPont Continues to Evolve
DuPont Pro Forma Sales — 2010*

$3.0B \
Nutrition &
$7.8B Health
$3.8B
Agriculture
9 J Performance
Coatings
$2.8B $6.3 B

Electronics &

Materials

$6.3B $3.4B
Performance
Chemicals Safety &
Protection

$1.1B
} Industrial J

Biosciences

* “Other” segment not shown; segment sales include transfers.

Communications J $34ZB* griimence =

-‘-'r}\

N
'] 4

.J
v ‘4




We are applying our science to find
solutions to some really BIG challenges...

DuPont’s lonomer’s Can Assist in Providing Solutions to the Worlds Problems

© National Geographic images 4



Aiming our R&D engine at these big challenges
$1.7 billion DuPont Actual R&D Spend in 2010

REDUCING OUR DEPENDENCE
ON FOSSIL FUELS

40

FEEDING THE WORLD




lonomers — A Historical Perspective

"-‘

first step the EMAA was
converted to its sodium

Dr. Richard Rees

Starts to scout -

x-linking of PE saft
by dissolving the
copolymer
LLDPE in xylene at 90 °C and
Developed

adding sodium methoxide
DuPont fears PE

commoditization
Dr.Rees focuses

e Surlyn®
x-linking EMAA introduced
ICl with EPC _ 0
First patents filed &
Invents - DuPont Customers Sampled _Meat
Free licenses industry
radical PE from Shoe Heel tips, Golf ball covers
PE ICl v v 1 & mantles retail skin packaging 1 .
1930 1940’s 1950 1960 1961 62 63 64 65 66 1969-70 1972 1974
Surlyn® lonomers Surlyn® not meeting Plant
lonomer Announced Business potential Reaches
Discovered at ACS Nearly shutdown. Capacity

Dr. Richard W. Rees. 2003 picture when he received the Lavoisier
Medal, DuPont's highest award for scientific and technical 6
excellence. Rees retired from DuPont in 1993.
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lonomer Chemistry & Morphology

M* . f’
Oj/m /_/f
CH3 CH3
Key compositional variables ~
* acid level,
* cation ion type (typically Zn or Na , By controlling these, manipulate
* but Mg, Li & K are commercially available) ionic domain strength and change
« amount of neutralization. >_ the materials properties.

» Additional Monomer eg acrylates

Leading to features/benefits for

* Partially neotralizing the ocid: end users (the value proposition)
* gives outstanding melt strength _

* retains adhesion properties




We are applying our science to find
solutions to some really BIG challenges...

DuPont’s lonomer’s Can Assist in Providing Solutions to the Worlds Problems
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Reducing our Dependence on Fossil Fuels
Solar Resource Dwarfs

All Other Energy Sources -

Fossil Fuels &
Nuclear

Other
Hydro @ Renewables

Waves e

PV is only ~0.1% of Total Global Generating Capacit vy

The drive to gird parity requires efficiency improv ements
with lower total system costs




Materials Play a Critical Role in Total Cost

PV Industry Value Breakdown

70 1
63
Market
Value 60 1 System Design/ Install
($B) (~20%)
50 -
Balance of System
40 A 35 18.6 (~30%)
12 Modules/Cells
20 - 9.9 (~20%)
e , ----- 1, Poly- ) ‘
10 A 1+.silicon All Materials
7.9 ) (~30%)
: 6.2 Other
0 2.8 -". ' Méterials
2008 2012

Source: Photon Consulting, Linx Consulting 1Q 2009 Reports 10



The Importance of Encapsulants in Module
Reliablility

Common Causes of Failure in Thin Film Modules

s % * Highest failure occurs after
: S the damp heat test
. H (85C/85%RH, 1000hrs)

* Most common failure is
excessive wet current
leakage after aging (wet
resistance)

[ ! - Current leakage depends
. L
. L
L 4

on module package integrity
vas (encapsulant, J-box, edge seal)

Tamizhmani, G., et.al.”Failure Analysis of Module Design Qualification
Testing — I1I" 35 IEEE PVSC Proceedings, 2010, Honolulu, Hawaii
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Required Encapsulant Attributes

Encapsulant Requirements for Thin Film Glass/ Glass

Modules

Durability
mma 25 years no delamination
mma Cell efficiency over life of module

Compatibility with Top Coat Material
Low Moisture Permeability
Potect the Cell from Corrosion

High Resistivity = Low Current Leakage
mmi - Safety requirement
mmi  Helps maintain cell efficiency over lifetime

mms Meets operating temperature requirements

Ease of Processing with High Throughput
mms - Autoclave

mms \/acuum laminator
— No Lamination Defects

mm=s No bubbles
==1  Ease of Handling

12
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The Benefits of DuPont™ PV5400 lonomer

Low Moisture Ingress

Glass laminate moisture ingress after 2000hr DH

N
\ N

1 Diffusion coefficient is 4-6x less than EVA encapsulant
| Equilibrium Moisture level is half of EVA encapsulants

=EVA
"= DuPont™ PV 5400 lonomer

N T~
N~

—

~—

e

N

0 2 4 6 8

10 12 14 16 18

Distance from Edge (cm)

High Resistivity Polymer

20

Encapsulant Material

Surface Resistivity (W)
ASTM D257 23C, 50%RH

DuPont™ PV5400 lonomer

1016

Cross-linked EVA

1014

PVB

1012 - 103

» Provides excellent protection and
insulation for electronic
components over the module
lifetime

* Introduces the possibility of a
stable module without edge seal
compounds

e Enables low cost frameless
module design

13



Minimal Module Current Leakage After
Extended Aging

Wet Current Leakage after Damp Heat Testing

400
Thin Film Glass-Glass module* with DuPont™ PV5400

e Excellent initial
resistance

o
Q

* Low resistance
decline after aging

N
gl
o

» Easy pass in IEC
61646 damp heat test

Minimum resistance required
to pass IEC 61646 standard
after 1000hrs damp heat

* No edge sealing or
frame required

Electrical Resistance (M Ohms)

al
-

0 500 1000 2000 3000
Hours Damp Heat (85 °C / 85% RH)

* No edge sealing (tape or caulk) used, frameless
14



Other Benefits of Unique lonomer Chemistry

lonomer Chemical Structure

COOH
coony COOH
OOH
HOOC |
é HOOC COOH
OoH COOH

Acid-functionalized hydrocarbon
copolymer

lon (X) exchanged

with Na, Zn, Mg
COOX*
C
COO-
- |
0oc COOH
230 S OooC

COO- _
lonomer clusters form inter- and

intra-chain reversible cross-links

* No potential for acetic acid formation —
minimizes possibility of corrosion

* No harmful peroxide residues

 Inherent adhesion to glass (no adhesion
promoters needed)

» Excellent adhesion to a variety of metals
(such as Al, chrome and Zn)

» Processible on existing vacuum laminator
equipment, no curing required

» Easy handling, no need to refrigerate or
interleaf sheeting

Processibility of a Thermoplastic
Performance of a Thermoset
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lonomers for Golf Ball Applications

Global Collaboration with Nike
Golf

All Thermoplastic Core
Technology with DuPont HPF™
lonomer Technology

VOC

m=s  Add distance, via speed from the club
head

Straighten shots
Improves control/playability via spin
optimization
=1 Golf ball designers want flexibility in
material response factors

» Design for Pro’s

» Design for amateurs

16



All Thermoplastic Core Technology with
DuPont HPF™ lonomer Technology

Golfers Needs ! Material Attributes Important Material Design
m=s  Distance mms Compression/Hardness Parameters
m= Feel m=s  Flex Modulus mms b acid and % neutralization —
== Playability ! ==s  Coefficient of Restitution compression/Flex Mod
==s Thermoplastic, enables multi layer ™= Type and % ter-polymer — lower
gradients within the core, thereby modulus
tailoring properties === Modifier and cation type —
C.O.R.
c=2"2""2

Q o
S = ball velocity

V = club velocity

End User Nike — Golf Ball Manufacturer
17

Voice of Customer



Tailored lonomers for Golf Ball Optimization

-7

Loy

S~
\\

Optimizing ball performance with
resin core technology

USGA Golf Ball Criteria sets Design Limitations

Min Size, Ball Designers need new
Max Weight, materials to help design
Max C.O.R, iImprovements while

V.« €tC constrained by USGA for

fair play !

C.O.R. slope v Melt Index Ratio

-0.00075

# RZN Series A N a

4 RZN Series B ‘

W RZN Series C - 0.00100
// . :

B
-0.00125

-0.00075

-0.00100

COR Slope
adojs 400

-0.00125 /

20.00150 1 I ; -0.00150
1.00000 0.10000 0.01000 0.00100 0.00010

Melt Index Ratio (Ml /Ml;)

Manipulation of COR Slope with Resin
Core Technology Provides Design Flexibility

MO'M+

Fatty acid salt modifier, enables ionomer
design flexibility 18



PGA Compression (ATTI)

200 T
|
5 ® Conventional lonomers : -
¢ VLMI Technology |
=
SRI Technology e® [ = ;:.
A FAMI Technology e -~ © °®
150 & -1 ® HPC Covers o
|
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| , | | Soft HPF™
! Technology
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S - |
- ‘ |
0.250 0.500 0.750

Progressive advances in ionomer resin technology shifts the balance

between resiliancy (COR) and compression (Atti).
Rightmost line and area indicated performance of advanced HPF™ ionomer resins

__ Traditional lonomers

—VLMI
(Very Low Modulus lonomers)

_—~ New Modified lonomers
DuPont HPF™ Resins

Resilience (COR at 125 ft/sec)

Molecular changes in ionomer composition
creates new golf ball designer tools (with renewabl

y sourced and recyclable materials!)

1.000
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Tailored Ethylene Copolymers for DuPont Active Laye ™ RS

Breathable Films for
Carpet Padding

DuPont™ Active Layer RS moisture

barrier (right) prevents spills from
soaking through carpet cushioning.

Customer feedback requested DuPont
Renewably Sourced Materials used as a
moisture barrier film.

Believed to be the first use of renewably
sourced polymers in a carpet cushioning
product.

Moisture barrier films laminated to the top
surface of the cushion to prevent spills or pet
accidents from soaking into the cushion like a
giant sponge.

*Breathable feature, an escape route for
moisture trapped beneath the cushion.

*Polymer Innovation using ethylene copolymer
20 wt %renewably sourced content
derived from fatty acids.

20



Tailoring lonomers as Smart Vapor Barriers

(J. Chen, D. Visioli)

Winter - Vapor Barrier

Keep moisture our

Summer - Breathable

Prevent mold growth

perms

RH
Depending on Relative Humidity

lonomer Film Changes Permeability
to Moisture Vapour

21



Tailored Fatty Acid lonomers (FAMI) Composition to
Tune Smart Vapor Barrier Performance & Cost

FAMI Blends with EVA for
Performance & Cost Control

30 =

25

20

US Perm

15

Commercial Targets
@ various humidities/
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Unique lonomer Alloys for Tailored Ski Boots

- Voice of Customer — End User/Skier
Top issue skiers relates to comfort.
Performance, requires light-weighting & flexibility at low
temperatures

- Value proposition
Retailer custom fits the boot at the retailer with skier,
made possible by the low softening point ionomer.

lonomer/alloy unique material feature for manufacturer,
not as stiff as TPU,
not as flexible as elastomers - its just right.

TPU, Pebax & PA had too high a softening point,
* need to be heated to a temperature that would
burn the feet to achieve same effect.

Retailers have to install molding equipment.
20 minutes to fit the boot,
ok for the high end !

23



Potassium lonomers as Permanent Polymeric Antistats
Entira™ Antistat SD100, MK400, 500

Log Resistivity
e i o
© o [l N w N (6] o ~
L L L L

Resistivity 20% in LLDPE

0

10 20 30 40
Relative Humidity

50 60

—e—Entira™ AS MK400 —=— Entira™ Antistat 500

Entira™ AS SD100

Diffusive Antistats (surface active
agents)
mms  Generally do not work at low RH

m=s  Can cause problems with delamination,
adhesion, and printing

mms  \Wear off with time, and take time to
develop properties, low cost

Incumbent Permanent Antistats
m=s  |nstant and permanent function

== Can be difficult to process and have poor
aesthetics/yellowing

Entira™ Antistats

=== Permanent, non-yellowing, cost
competitive
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Vamac® Ultra LT

New AEM with Improved Low Temperature Flexibility

Voice of Customer

* Polychloroprene (CR), material of
choice for many years

m=s  CR has god oil resistance, good
dynamic properties, good overall
physical properties and passes
functional benchtests at -40C.

 CR Heat Resistance not sufficient
for applications close to hotter
engine parts.

== Automotive trend, towards smaller
hotter engines, temperature
Increase requirements for many
applications.

% 11

# $ %
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Polymer Requirements for ‘Hot’ Boots



AEM Dipolymer AEM Terpolymer

'(CHZ'CHZ)X' '(CH'CHZ)y B '(R)z B

C=0 C=0
ETHYLENE METHYL ACIDIC
ACRYLATE CURE SITE
g AN J
e h
Cured with Peroxides Cured with Diamine
Post Cure not Required Needs Post Cure

Dynamic mechanicals at lower temparures required Ult ra Low Tg Vamac

27



Excellent low temp
Compressions set

LN ]
“I ..

®aggunt®
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Excellent low temp
Compressions set
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Summary

DuPont Continues to Push the Envelope on Existing S  pecialty

Polymers
New chemistries/products being commercialized for d iverse
applications.
==s  Fatty Acid lonomers
» Golf Ball Cores, Breathable Films, Smart Vapor Barriers
DuPont HPF Resins, Entira™ Breathe
== |onomer Alloys for Ski Boot Applications, HPX 12000
=== New lonomer Compositions for PV Encapsulants
PV 5400
mms K+ lonomers
 Antistatic Dissipation — Entira Antistats

Ethylene Co & tetra polymers for Elastomer Applications in Automotive
e DuPont Vamac® Ultra LT

30
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