TECHDIECHANG

DuPont Engineering Polymers

DuPont Engineering Polymers

Material Selection

June 26, 2009

The miracles of science™

The information provided in this documentation corresponds to our knowledge on the subject at the date of its publications. This information may be subject to revision as new knowledge and experience becomes available. The
data provided fall within the normal range of product properties and relate only to the specific material designated; these data may not be valid for such material used in combination with any other materials or additives or in any
process, unless expressly indicated otherwise The data provided should not be used to establish specification limits not used alone as the basis of design; they are not intended to substitute for any testing you may need to
conduct to determine for yourself the suitability of a specific material for your particular purposes. Since DuPont cannot anticipate all variations in actual end use conditions DuPont makes no warranties and assumes no liability in
connection with any use of this information. Nothing in this publication is to be considered a license to operate under or a recommendation to infringe any patent rights. Some of the technology described in this presentation may
be the subject of existing patents, patent applications or other intellectual property rights in the United States or elsewhere in the world. This paper in no way constitutes a recommendation by DuPont to use any of the technology
described. Prospective users should satisfy themselves as to 1. the suitability of any technology for their particular purpose; and 2. the existence of any intellectual property rights which might limit or qualify the use of such
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Who’s That Talking?

Michael Cole — Direct and Distribution Marketing Sales Manager

Kwa King — Technical Development Representative
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DuPont’s Origins

E. I. du Pont de Nemours  DuPont gun powder barrels



DuPont Yesterday

1938:
DuPont introduces
nylon on the market



DuPont: Sustainable Growth for our 3" Century

Electronics
Biotechnology
Chemistry Materials Science
Explosives Energy Safety & Security
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DuPont Segment Sales — 2009 by Growth Platform
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DuPont™ Performance Materials Platform

Engineering Polymers (EP)
Packaging & Industrial Polymers

DuPont-Teljin Films

DuPont Elastomers



Global Manufacturing, R&D Capabilities
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Thermoplastic Product Groups

Price &
Performance

High performance
technical polymers
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Technical
Polymers
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Polyesters (LCP, PCT, PET, PBT, ETPV,TPC-ET)

* Low moisture absorption (stability of properties esp. electrical)
* Wide FR availability
* Hydrolysis sensitivity

* Excellent Color stability

Polyamide (HTN, PA66, PA6, PA612, PA610)

e Balanced mechanical properties
* High moisture absorption
* Broad chemical resistance

* Wide processing window

Acetal (POM)

* Low moisture absorption
* Highly crystalline (Neat stiffness, Fatigue Resistance, Fuel resistant, High shrinkage)
* Low Friction and Wear

* Lower service temperatures



Polyester Structure Effects

| Melting Point
Plus other aromatic 3 45C (65()0':)

alcohols and acids

LCP

285C (545°F)

255C (490°F)

225C (440°F)



Polyester Structure Effects

e Hytrel® is an example of a TPC-ET: thermoplastic
copolyester elastomer with polyether soft segments

* Melting point ranges from 156 — 223C depending on
the composition and ratio of the hard and soft
segments

Hard segment \/\/’\/(polyester) Soft segment\-/\/(pmyether)

/\M/\/\ v A

From Shore D30 R To Shore D82
flexural modulus ) ] flexural modulus
4,000 psi 175,000 psi




LCP Resins

Advantages vs other Potential Limitations:

polyesters: Weak weldli
High flow and fast setup for car Weldlines
very fast cycling Resin cost / kg.
Very low moisture absorption
High service temperature Replaces:
(typical UL electrical RTI Other LCP’s:
220-240°C) Toughness
Inherently flame retardant :

. High Flow
Low coefficient of thermal
expansion Lower Warp
Excellent chemical resistance Ceramics (weight,
Low flash toughness)
Very low mold deposit PPS (processing)
High level of regrind usage Thermosets (injection
possible molding)
High HDT




LCP - Typical Applications

Connectors Coil Forms

Pending New Applications

Bakeware



PCT Resins

Advantages vs other Potential Limitations:
polyesters: _

. Recommended residence
Higher temperature fime < 4 min
performance than PET and PBT '

SMT and potential Pb-free
capable Replaces:
Drop-in PBT shrinkage PBT's:
Inherently better hydrolysis Pb-free solder
resistance than PET or PBT :

_ Higher temp
Excellent high temperature : :
electrical performance (CT], arc Drop-in tooling
resistance, dielectric strength) PA (dimensional stability)
Food contact grades available PPS (low flash processing)

PEI (better flow)

SPS (available, higher
HDT)




PCT - Typical Applications
Connectors

Auto Ignition Automotive and HF

Coil Forms

Kitchen Housewares



PET Polyester Resins

Advantages vs other polyesters: Potential Limitations:
Dimensional stability at high temp. Continuous water > 50°C
(155/200°C) Resistance to acids
Good electrical insulation Oil heated molds
(encapsulation class H 180C, Open Not approved for food
class N 200C) contact

High Stiffness

High surface gloss

Replaces:

Metals (weight, corrosion)

Thermosets (injection
UV resistance molding and recycling)

PBT (temp. res., color stab.)

Polyamide (temp. &
dimensional)

Color stability at high temperature



PET - Typical Applications
Oven Handles Coil Bobbins

Windshield

Lamp Sockets _
Wiper Arms



PBT Polyester Resins

Advantages vs other Potential Limitations:
polyesters: Continuous Water > 70 °C

Balanced mechanical
performance without
moisture sensitivity Notch sensitivity

Resistance to acids, alcohols

Easy molding with water
heated molds

Resistance to solvents and Replaces:
lubricants

Metals (weight, corrosion)

High surface gloss Polyamide (dimensional stability)

Acetal (temperature resistance)




PBT - Typical applications

Automotive Control knobs
Connectors

Housings, Covers
and Brackets

Electrical Components
Solenoids, Relays, Switches,



Thermoplastic Vulcanizate Resins

Advantages vs other TPE's: Potential Limitations:
Heat resistant thermoplastic Continuous Water > 70 °C
elastomer

Resistance to acids, alcohols
Low rubber-like durometer
(Shore A 60-90)
Resistance to oil and
lubricants Replaces:

Rubber-like feel Cross-linked rubber (injection
molding, cost)

Silicone Rubber (cost)

Other TPV’s (temperature and
chemical resistance)




Typical Applications

Fuel Vent Tube
(Jacketing
layer)

O—1-

Automotive Body Plugs

Ignition Coil Boots



Thermoplastic Polyester Elastomer Resins

Advantages vs other TPEs:

Potential Limitations:

Bridges the stiffness gap Shore D
(30-82) between rubbers and rigid UV resistance

plastics Resistance to polar fluids

Multiple grades with varying

stiffness, and thermal range (Tg and Lower scratch resistance

Tm)
Excellent fatigue & abrasion Replaces:
resistance Rubber (process ease, recycling,

Processing versatility & ease system cost reduction, performance)

Excellent resistance to grease and TPU (process ease)

lubricants Metals and rigid plastics (component
Post processing ease integration)

Energy management, resilience




TPC-ET polyester elastomer Typical Applications

Constant Velocity Joint (CVJ) Boots

Hose and Tube

Air Bag Deployment Doors (ABDD)



Polyamide

*HTN High performance resins
*nylon resins

mineral reinforced nylon resins



Building Polymers
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HTN Resins

Advantages vs other nylons Potential Limitations:
Higher and consistent Hot oil molds
stiffness over higher
temperature range (Tg 90C ;ﬁzsptxlégh than PA46, PAGS,
to Tg 133C)

Less sensitive to moisture
than PA46, PA66 and PAG

SMT and Pb-free capable Replaces:

Higher chemical resistance Metals (injection molding, cost)

than PA46, PAB6, and PAG Specialty high performance TPs
(cost)

PAG66 and PAG6 (high
temperature performance)




HTN - Typical Applications

Automotive Fuel Cut-off
Valve

Automotive Charge Air Cooler
End Cap

Encapsulated Solenoids

Electrical Connectors



Nylon Resins

Advantages vs other nylons: Potential Limitations:
Versatile product line Dimension and properties
_ _ change with moisture absorption
Tough- especially resistant (PA6>PAG6)

to repeated impact . .
P P Resistance to strong acids,

Resistant to oils and greases phenols, oxidizing agents
Fatigue resistance Replaces:

Low coefficient of friction, Metals (weight, corrosion,injection
excellent abrasion molding)

resistance

Acetal (temperature resistance)

Economical balance of Polycarbonate (chemical
properties resistance)

Ease of processing Polyesters (hydrolysis resistance)




Typical Applications

Air Intake Manifolds

Radiator End-tanks

Sports Equipment Cable Ties

Rocker Covers
Power Tool Housings



Degree of Order (Acetal)
Crystalline Polymer
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Crystallinity Differences & Structure—
Acetal HOP vs. COP

HOP COP
Melt Temp = 178C Melt Temp = 165 -168C
Homopolymer - Copolymer -
% Crystallinity % Crystallinity

55 - 60% 45 - 50%



Acetal Resins

Potential Limitations:

Advantages: Max continuous service temp
Stiffness and creep resistance <90°C:; intermittent to 130°C
without reinforcement

Low friction and wear - lubricity _ _

_ _ Hydrolysis resistance (hot
Fatigue resistance water)
Chemical and fuel resistance

Dimensional stability, low
moisture pickup

Toughness over wide
temperature range Replaces:

Flame retardant impossible

Notch sensitivity

Resistance to strong acids and
bases

Metals (weight, friction,
corrosion resistance)

Polyamide (dimensional stability)




Acetal - Typical Applications

Automotive
Fuel Delivery
Modules

Buckles

Conveyor Links

Gears



..other Applications

Small wheels Ski bindings
Clips & snap-fits  Lighters

Springs Pumps
Bearings Zippers and buckles
Aerosol valves Irrigation systems

Video tape reels  Kitchen appliances

Office automation equipment
components




Effects of Common Modifiers and Additives

Property Modifier / Additive
Strength Glass fiber
Elongation at break No fillers!

Impact Resistance Toughener

Rigidity

Glass fiber, Mineral

Heat Resistance

Long Term Use

Heat Stabilizer

DTUL Glass fiber
Thermal Exp Coeff Glass fiber, Mineral
Creep Resistance Glass fiber
Fatigue Resistance Glass fiber

Flatness (low warp)

Mineral, Glass bead

Low Wear, Friction

PTFE, Graphite, Oils

Processing

Lubricants, Nucleants




Resin Selection

Finding the right resin
for an application June 26, 2009
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Selecting aresin

Selecting the “right” resin for an application is a
process of balancing multiple resin attributes.

 Physical properties
* Processing
e Cost

The natural attributes of each resin families make
them a good fit for many applications.




mess..
Complex Performance Requirements

Many Variables in resin selection
« CTE Match
 Low Temp Toughness
« Elongation at Break
« Knit-Line Strength
e Fatigue Performance
e Molding Shrink

* Heat Aging / Environmental Corrosion



Four Typical Applications

Connectors
Ignition coils and Heating Elements
Gears

Flexible components



Connectors

Acetal? Nylon?

PCT?

What resin is the best connector resin?

PBT? LCP?



What resin family is an ideal candidate a
connector type or similar applications?

Typical decision tree
« Temperature range -40 to 120C (non solder)
» Voltage requirement - 12V
 Dimensional stability
e Color coding
Other characteristics that will help selection of specific resin
* Molding
» Cost
* Mechanical properties

 Filler content and type



What resin family is an ideal candidate for an
connector type or similiar applications?

Possible choices
polyamide - (6, 66, 612, HTN), PBT, PET, LCP, PCT, POM
Temperature range -40 to 120C (non — solder)

polyamide - (6, 66, 612, HTN), PBT, - Very high
temperatures not needed. Range exceeds upper limit of acetal

12 volts

polyamide - (6, 66, 6,12, HTN), PBT- All meet electrical requirement
Dimensional stability

polyamide - ( , 612, HTN), PBT- nylon can grow with moisture
Color coding with bright colors

PBT - PBT has best color stability at elevated
temperatures

Specific resin decision based on design needs:

strength, toughness, assembly process, cost........



Is PBT the only resin family candidate such an
application?

No - but PBT has characteristics that meet a broad range of the
connector application requirements including ease of molding

Special compositions in other families may work as well and be more
suitable for specific applications

Applications do not all require the same temperature range,
dimensional stability or coloring coding

Connector assembly (SMT, Thru Hole and the solder used) are often
the KEY requirement calling for higher performing resins.



What resin family is an ideal candidate for an
Ignition type or similar applications?

HTN?

PBT? PET?

PCT? LCP?

Will the decision tree look the same as for connectors? NO'!



What resin family is an ideal candidate for an
Ignition type or similar applications such as:

Ignition applications resin characteristics.

* High voltage

 High temperature

« Adhesion to other resins or materials

 Encapsulation and/or potting

 Thin walls
Other characteristics that will help selection of specific resin

 Molding, cost, mechanical properties, color stability
Potential resins

 PBT, PET, LCP, PCT, HTN



What resin family is an ideal candidate for an
ignition type or similiar applications?

Possible choices
PBT, PET, LCP, PCT, HTN

High voltage

PBT, PET, LCP, PCT - polyesters are typically better than
polyamide

Temperature range -40 to 150C
PET, LCP, PCT - PBT marginal at high temperatures
Adhesion
PET, PCT, - can be very design and resin sensitive
Thin wall molding
PET, PCT - both resins

Several good families have the general characteristics needed. Resin
decision based on specific design needs and experience.



What resin family is an ideal candidate for a
gear application?

Acetal?

LCP?
Nylon?

PBT?



What resin family is an ideal candidate for a
gear application?

Typical decision tree
 Wear
o Lubricity
 Dimensional stability
« Temperature range -40 to 100C
» Strength/impact
Other characteristics will help selection of specific resins
 Molding
* Noise
e Cost

* Filler content and type



What resin family is an ideal candidate for a
gear application?

Possible choices
polyamide - (6, 66, 612, HTN), PBT, PET, LCP, PCT, POM
Wear against steel

polyamide - (6, 66, 612, , POM - Acetal and nylon have
excellent wear characteristics

Lubricity

Acetal - nylon is good but acetal resins are better
Dimensional stability

Acetal - excellent dimensional stability
Strength and impact

Acetal - excellent balance of strength and toughness without glass



What resin family is an ideal candidate for a
gear application?

acetal

nylon

Unique application requirements!
TPC-ET
LCP



. =
What resin family is an ideal candidate for
flexible tubing or housings?

TPC-ET?

TPV?

I)
PRT? Nylon~




What resin family is an ideal candidate for
flexible tubing or housings?

Typical decision tree
e Strength
e Fatigue
 Chemical resistance
e -40 to 100C temperature

Other characteristics will help selection of specific
resins

* Processing by blow molding and extrusion



What resin family is an ideal candidate for
flexible tubing or housings?

Possible choices
TPC-ET, TPV, PBT, polyamide, acetal

Fatigue
TPC-ET, TPV

Chemical resistance
TPC-ET, TPV

Temperature range -40 to 100C (flexibility)
TPC-ET,

Applications without stringent low temperature requirements may be
very suitable for nylon and acetal.

e Push-pull cable liners

» Wire or cable jacketing



What resin family is an ideal candidate for
flexible tubing or housings?

« TPC-ET

 FN polyamide alloy
s ETPV

e acetal

PBT and TPC-ET can be sequentially

combined in blow molding to form rigid and
flexible sections in one piece.




Selecting aresin

* Recognize that resins from several resin families may work.
» Picking the best resin will depend on balancing and prioritizing properties.

 Few applications are made from a single product.

Typical Questions

Temperature Chemical environment

Assembly Assembly process : :

End use Color tolerance Sati Sfy needs fi rst,
Dimensional tolerances Ease of molding

Assembly Number of parts wants second

In use Design complexity

Part cost Regulatory requirements



Sources of Information for

DuPont Engineering Polymers

DuPont Engineering Polymers website

Dial DuPont First - 1-800-441-0575
Data sheets

Product and Properties Manuals
Processing Manuals

Design Guides

Application Profiles

CAMPUS material database

IDES Prospector™

DuPont EP SuperSelector






