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MOMENTIVE

Agenda

e Momentive Company Overview

e Epikote™ Epoxy resin systems for mass production of light
weight composites for structural and exterior parts

e Bakelite™ Engineering Thermoset compounds for mass
production of light weight under-the-hood parts
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MOMENTIVE’

Shell Epoxy Resins & Versatics GE Silicones
Bakelite AG Bayer Silicones
MGS Toshiba Silicones

Borden Chemical

Eastman Chemicals (@\

HE:ION" MOMENTIVE

| . performance materials
Specialty Chemicals

The science behind the solutions.

MOMENTI\E’

e Turnover = 7.8 SUS Billion

e With 10,000 Momentive associates

e And approximately 90 Manufacturing facilities around the world
e Ability to serve global customers in all major regions worldwide




Global Leadership in Thermoset MOMENTIVE'
Technologies & Markets

First Epoxy resin

Epoxy Resins Quartz Silicones
Global Global Global

L
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Phenolic Specialty Resins Versatic™ Acids & Derivatives Forest Product Resins Oilfield Proppant Resins
Global Global Global Global

Worlds’ First Plastic =
Bakelite® Thermosets
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MOMENTIVE

Thermoset Solutions for a
Broad Range of Automotive Applications

Structural

Exterior

Cooling System

Drivetrain

Braking System

____— Composites Material Solutions

Long-Fiber Composites = Matrix Resins
Short-Fiber Composites = Matrices & Molding Compounds

Suspension System




MOMENTIVE

Automotive Light Weight Material
Application Centers

Capabllltles in Appllcatlon Technologies

Preforming

RTM (LP-/HP-RTM)
Prepreg
Compression Molding
Prototyping

Tooling
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Light-Weight Composite Solutions

MOMENTIVE

“Product & Process Technology View”

A

Unit Cost / Cycle Time

Epikote™ Epoxy resin
¢~ Epikure™ Curing Agents
Continuous Fiber Technologies

Discontinuous Fiber
Technologies

gt?ﬂ(-:tsu?g}i- Advanced Molding Short Fiber
Compounds Technology

Bakelite™
Engineering Thermoset

>
Performance

M Primary focus
W Exploratory area
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Process Chain of Thermoset and REONIERTIYE

Thermoplastic Composites

Thermoset composites

Finished
component

Reinforce-
Preforming
ment

Processing time

Thermoplastic composites

Reinforce- - Finished
: Joining
ment / matrix component

Processing time >

Epoxy & Phenolic composites enable short process cycles and

energy efficient molding of net shape components
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MOMENTI\E

Epikote™ Epoxy resin systems for mass production
of light weight composites

for structural and exterior parts
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Epoxy Composites take a Unique Position ~ MOMENTIVE

for Structural Composite & Light Weighting

Thermosets

Strength + +++ +

Stiffness ++ ++ ++
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MOMENTIVE’
Target applications for Epoxy Light Weight Composites

Structural parts
 Building on Proven performance for Structural parts

e The challenge is to reduce cycle time and enable mass production
— Liquid molding processes are the best option

Exterior parts

e Surface finish quality is critical to make painting process simpler and more
robust.

e Visible Carbon and Painted Parts require different approaches
— Liquid molding processes and Prepreg are both possible

Dynamically loaded parts

* Proven performance on Fatigue and Temperature resistance
e Various approached towards mass production under way
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Recent Advances in Epoxy Systems MOMENTIVE
Cure Time

Cure time of commercial and
developmental EPIKOTE / EPIKURE programmes
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Year (SOP)

# Structural parts

M Exterior parts ¢ BIW A Suspension

Substantial progress in epoxy resin technology and processes have

been made during the last 3 years
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MOMENTIVE
How have the short cycle times been achieved?

Prepare RTM mould
f N (6 ) ) <ﬁ Example:
| Resin Transfer Molding
Dry reinforcement
Fabrics ﬂ ( R TM)

Finished part

Preform -
Reinforcement

Production Process

Preform Closure of Resin part
insertion mould injection from mould
to mould

( Diagram courtesy of Dieffenbacher )

Step@ - Preforming
Main Limiting Factors

Step@ - Injection & Cure Cycle
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Enabling Technology: MOMENTIVE

Thermo-latent Short Cycle Time Epoxy Resin Systems
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2min System = EPIKOTE™ 05475 / EPIKURE™ 05500 / HELOXY™ 112

2 X longer injection window => ~ 60s @ 2min cure
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MOMENTIVE

Liquid Compression Molding (LCM) Process Cycle

Fabric

Xy
S

-

- S, :

Procedure to be
specified(resin quantities,
application pattern, time..)

Opening &

Cutting Lay-up /. Resin Application
—% T - I
700 700007
Transfer preform Mold closing Curing
Into mold and compaction

q

Demolding

- Press capabilities
- Impregnation
behavior preform

replacing part of
the in-mold cure
by a postcure

5-10 sec. 20 sec. 70 sec. 5-10 sec. i
Time depends on Holding time with gap Depending on curing ~ Time depends on press i \
press capabilities to allow resin flow into temperature and capabilities and part E Additional
fibers. compaction time geometry i cycle-time
: reduction
Time depending on: i Possible by

Total production cycle time: 100-110 sec.
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MOMENTIVE

Lightweight Epoxy Composites
Process and Application Options

Liquid HP-RTM LP-RTM Prepreg
Compression Compression

molding LCM molding

Structural Parts

Simple 3D shape <2 min 2-3 min 3-8 min 3-5 min
3D shapes 2-3 min 3-8 min
2-3 min 3-8 min

Tubular parts

Exterior Parts 20 min for 20 min for visible 5 min for painted

visible carbon carbon parts
Dynamically
loaded Parts
Coil springs Y
Leaf springs 5 min 20 min Y

CNG, H2 tanks
Type lll and IV Y
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MOMENTI\E

Bakelite™ Engineering Thermoset compounds for Mass
Production of Light-Weight Under-the-Hood Parts
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Engine Compartment Operating Temperature

Design Requirements Increasing

Current Air Flow Dynamics

149°C Alternator
Surface

129°C Ignition
Surface

— 00 -

Engine O1l 148°C
Transmission Onl 148°C

Road Surface 66°C

Air flow assisted operating temperatures for components
range from ~130°C - 150°C.
Excursions and design temperatures can be higher =>

Continuous Operating Temperature
Design Requirement (°C)
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MOMENTIVE’

220

190 -~

*Trend only. Actual temperature requirement depends on
specific application and location within engine compartment.

1980

2000 2010
Year
e Actual == [l= Forecast

1990 2020 2030

Sources: Data from High-Temp Thermoplastics: Higher Expectations, CompositesWorld, 2012,

The Changing Automotive Environment: High-Temperature Electronics, R. Johnson et al., 2004.
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MOMENTIVE
Performance Classification of Polymers
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Performance

Phenolic &
Epoxy-Based
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Commodity Polymers

LDPE HDPE PP PVvC PS
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Value Proposition: Lightweight Materials

with Outstanding Overall Performance

Thermo Mechanical
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MOMENTIVE
Processing Engineering Thermosets

Automated
Injection Molding
Machine

Automated
Compression
Molding Machine

21
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Engineering Thermoset (ETS) Applications

Waterpump

Pulley

#

Turbopump Rotor

Vacuum Pump

Break Parts

MOMENTIVE’
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THANK YOU!

for your
ATTENTION

Contact:
Roman Hillermeier
roman.hillermeier@momentive.com

Francis Defoor
francis.defoor@momentive.com

MOMENTIVE’
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MOMENTIVE

DISCLAIMER

The information provided herein was believed to be accurate at the time of preparation or
prepared from sources believed to be reliable, but it is the responsibility of the user to investigate
and understand other pertinent sources of information, to comply with all laws and procedures
applicable to the safe handling and use of any product of Momentive Specialty Chemicals Inc. or
Momentive Performance Materials Inc. and/or their respective subsidiaries (individually, and
collectively, “Momentive”) and to determine the suitability of any Momentive product for its
intended use. All products supplied by Momentive are subject to Momentive’s terms and
conditions of sale. MOMENTIVE MAKES NO WARRANTY, EXPRESS OR IMPLIED, CONCERNING
THE PRODUCT OR THE MERCHANTABILITY OR FITNESS THEREOF FOR ANY PURPOSE OR
CONCERNING THE ACCURACY OF ANY INFORMATION PROVIDED BY MOMENTIVE, except
that the product shall conform to Momentive’s specifications. Nothing contained herein constitutes
an offer for the sale of any product.
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MOMENTIVE’

We re the EPON™ Epoxy Resins
%Clle'n%e EPIKOTE™ Epoxy Resins

enin EPIKURE™ Curing Agents
the road Heloxy™ Additives
ahead. Bakelite® Thermosets

Cellobond® Phenolic Resins
Durite® Phenolic Resins
Rutaphen® Phenolic Resins
Versatic™ Acid

VeoVa ™ Vinyl ester monomer
Cardura ™ Glycidyl Ester Monomer
ACE ™ Hydroxyl Acrylate Monomer

are registered trademarks of
Momentive Chemicals, Inc.
or an affiliate of Momentive Specialty Chemicals, Inc.
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