BEV's, Hybrids
and the drive to
Lightweighting

Opportunities for
Thermoset Composites
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Lightweighting Trends

Reaching Emissions Targets

As Global regulations call for even higher
emissions standards in the coming years, the
usage of lightweight materials will increase.

Lightweighting measures in combination with
further optimized internal combustion engines
(ICEs) will not be sufficient to reach currently

discussed CO, targets for 2030.

Lightweight measures can help reduce CO,
emissions to a certain extent (approx. 0,08gr CO,
reduction per kilogram saved).

Overall -OEMs are being driven to produce
electric transportation (cars, delivery vehicles,
bus, heavy truck) with a resulting increase in
system weight and cost in order to reach
overall fleet sales emissions targets
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Adoption of Lightweight Materials

METALS: High Strength Steel (HHS),
Advance High Strength Steel (AHSS),
Ultra High Strength Steel (UHSS),
Aluminum & Magnesium Alloys

COMPOSITES: Glass Fiber Reinforced
Polymer (GFPR) and Carbon Fiber
Reinforced Plastic (CFRP), Sheet Molded
Composite (SMC)

THERMOPLASTICS - Nylon,
Polypropylene (PP), ABS etc

Over the next 10 years - HSS and
Aluminum will see the most growth but
in proportion Composites and Plastics
will almost double
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Source: IHS Markit, Vpac 2019H2 m Lord



Why Not More Growth in Thermosets?

(a)

USD (Million)

Thermoset Composite growth trend peaked in * (Good news
automotive in 1990s
Paint pop adhesion issue
Advent of HSS and new aluminum alloys .
2008 recession
Preference for OEM'’s to stamp metal

Competition of thermoplastic composites
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BMC structures

Greater adoption of CF on high end models
New structural, suspension and wheel
composites designs

Source: Compsites World, SMC old dogs new tricks March 2017
Materials and Design, Advanced lightweight materials for automobilies: a review,
Issue 221, 2022
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Lightweighting Trends Lead to BEV's and Hybrids
and New Final Mile Delivery Growth

» BEV’s and Hybrids need lightweighting to extend
battery range

* Growth of Amazon leads push for final mile delivery
vehicles - often clean sheet design and/ or electrified
versions

« Opportunities for new designs in batteries




Intro to Battery

Construction




ayon
4INyvd

Intro to Battery Construction
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Example of Thermal Runaway




Real World Battery

Examples




Real World Battery Example - F-150 Lightning
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Source: Munro Live YouTube channel- F-150 lightning



Real World Battery Example - F-150 Lightning
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Real World Battery Example - F-150 Lightning
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Real World Battery Example - F-150 Lightning
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Source: Munro Live YouTube channel- F-150 lightning



Real World Battery Example - Rivian
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Real World Battery Example - Rivian
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Real World Battery Example - Rivian
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Materials for

Electrification




Materials for Battery Assembly

Parker Lord CoolTherm® products act as a thermal link between
batteries/modules and a heat sink, ensuring proper heat flow.

* Easy-to-dispense

* Customizable room-temperature cure

» Compatible with cylindrical, pouch, and prismatic batteries

Gap Filler Potting & Encapsulation
Liquid-dispense, cure-in-place gap fillers Facilitate optimum heat transfer due to
provide low stress on components and high thermal conductivity and low
improve thermal resistance when viscosity. Ensure even coverage and
compared to thermal pads. elimination of all air gaps.

Thermal Adhesives Low-Density Encapsulants

Provide mechanical rigidity and thermal Offer low-viscosity encapsulant systems
connection where heat is an issue, ideal in applications requiring thermal and
improving design flexibility by freeing electrical insulation while adding minimal

constraints of mechanical fasteners. weight.




Materials for Battery Safety

Properties

Key Benefits

Optimized viscosity to self-
level without flowing 5
between the cells

Prevents thermal runaway propagation

Allows for individual cell vent while
protecting other cells from fire

* UL 94 HB to VO rated

Top-cell : < Quick room temperature
cure which can be Protects wire bonds from vibration
accelerated via heat Utilize standard dispense equipment for
e UL 94 VO rated automation
. . . Isolate thermal runaway in a single cell to
* Low viscosity to flow in .
. between 1-2 mm gap prevent thermal runaway propagation
Intra-cell Easy to flow in small gaps

Hardness: Shore A scale

Utilize standard dispense equipment for
automation




Cell to Plate Attachment

APPLICATION PRODUCT NAME

Adhering cells to cooling plate via CoolTherm® TC-2002
thermally conductive adhesive.

BENEFITS

* Excellent adhesive strength

KEY REQUIREMENTS

* Strong structural strength
g g * Thermally conductive

- Dielectri
etectric - Flammability rating UL 94 V-0

* Thermally conductive . . . . .
» Customized viscosity for high production

* High reliability throughput

 Fast cure speed * High manufacturing throughput via

+ Non-sag dispense automated dispense

* Passes reliability tests in high-humidity
and high-temperature environment




Cell to Carrier Attachment

APPLICATION PRODUCT NAME

Structural bonding of cylindrical cells LORD® 5206/55GB
to plastic carrier trays or holders.

KEY REQUIREMENTS BENEFITS

* High structural adhesive strength « Excellent adhesive strength

+ Fast throughput + Formulated to maintain joint integrity in

+ Non-sag dispense high humidity and high-temperature
conditions

* High reliability in environmental
stress tests * Adheres well to Ni-coated steel and

. ) polycarbonate substrates
* Compatible to plastics
o * Viscosity optimized for high-volume
» Bonds to dissimilar substrates production process

* Cure speed optimized for high-volume
production process




Current Collector Bonding

APPLICATION

Bonds current collector to tops of cells
to improve the stability of wire bonds.

KEY REQUIREMENTS
* Liquid dispensed

e precise application as dots or beads
that stay in place during placement
of the current collector

 fast-curing, strong bond between the
cell top and/or cell holder and the
current collector

PRODUCT NAME
LORD® 5206/55GB

Maxlok™ Series

BENEFITS

» Withstands vibration that can damage
wire bonds

* Rapidly applied by automated MMD
equipment and fast-curing at room
temperature to allow for high-
throughput manufacturing




Enclosure & Module Sealing

REWORKABLE

APPLICATION

Provide a structural or non-structural
seal for battery enclosures to protect
battery modules and cells from the
elements and improve safety.

KEY REQUIREMENTS
* Liquid-dispensed

* Continuous moisture and chemical
resistant barrier between battery
cells and the external environment

* Vibration dampening to reduce
noise

PRODUCT NAME
LORD® 7555 Urethane Adhesive/Sealant (2K)
LORD® 7610DTM Direct-to-Metal Sealant (1K)

BENEFITS

* Liquid-dispensed sealing materials can be
applied rapidly in any required design by
automated MMD equipment

* Non-structural seals allow for easy removal
to repair and/or replace battery cells &
internal components, aiding recycling

 Structural seals can bond dissimilar
materials and eliminate the need for
mechanical fasters, increasing manufacturing
throughput and reducing complexity and
weight
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Enclosure & Module Bonding

APPLICATION PRODUCT NAME

Bond or seal the housing of the battery Maxlok™ Series
pack to protect cells or modules from the

elements and to provide an extra layer of LORD® 850 or 852
safety in the event of battery thermal LORD® 7000 Series
runaway events.

KEY REQUIREMENTS BENEFITS

* Rapid automated MMD application is ideal

Two-part adhesive : _
for high-throughput manufacturing

Provides a structural bond between

the housing components Robotic application allows a wide variety of

) ) easily-adapted dispense patterns to match
Chemical- and water-resistant enclosure design

Must be applied and cured quickly Proper choice of adhesive allows for
enough to epable high-throughput bonding of similar or dissimilar materials
manufacturing (metals, composites, plastics, etc.)

Structural adhesive eliminates the need for
mechanical fasteners, simplifying design
and increasing throughput
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Structural Assembly

APPLICATION

Structural adhesives for joining
bracketry, crossmembers, flanges, or
fixturing.

KEY REQUIREMENTS
* Bonds dissimilar materials
* High adhesive and tensile strength

* Fast cure speed, minimizing fixturing
time

* High toughness, high elongation

PRODUCT NAME
Maxlok™ T6
LORD® 7545
LORD® 850/25GB

BENEFITS

Wide range of structural adhesives to
match specific substrates.

Some adhesives have a range of cure
speeds.

Available bond line control.

High elongation meeting thermal
cycling and flexural specifications.

Available in convenient packaging.




Path for Growth for

Thermoset Composites




Pathway for Growth

Final Mile Delivery Vehicles

New companies are entering -
the market with new, clean- / Wa\ma‘.‘._:‘:
sheet designs which M :

incorporate composites

Older OEMS are being
challenged to come up with
fresher designs and they also
incorporate composites

—Parker(t8



Pathway for Growth

For Composite OEM Tiers

* Improve and offer design
work

 The ability to move up the
value chain with integration
and sub-assemblies

» Work with the OEM’s
incorporating Composites

* Works with OEM’s early
when design work is being
done

* Offer solutions with
partners to solve both
design and Mfg challenges




Emerging Issue of Insurance and Repair of BEV's, Hybrids
regarding batteries

Insurance rates are higher for EV's than ICE

* Cost to repair is higher

* Reasons - trained technicians, limited availability shops able to do work, cost of parts, more
OEM parts, labor for work on EV

Source Mitchell report EV Collision Insights 2023 Year in Review March 2024

EV's not totaled at a higher rate than ICE’'s (small sample period)

* Q1 to Q3 2023, the EV total loss rate was 7.25% for models 2020 and newer. Luxury ICE
automobiles manufactured over the same time period and with a comparable actual cash
value (ACV) had a rate of 7.47% versus 8.49% for all ICE vehicles.

* However, due to concerns of battery repair and ability to assess battery condition,

EV are totaled when battery box is damaged and repair is in question by the Insurers

—Parker(t8

Source Michell report Mitchell Reports a Lower Total Loss Rate for Electric Vehicles Nov. 2023



Pathway for Growth - Batteries and Collison Repair

Major Concern

. e iy

Thermal ' _

Runaway
eDevelop and Improve the ability to make crash- eDesign solutions jointly with battery OEM’s and
worthy composite components Vehicle OEM’s
eComponents should be modular and replaceable  ePair with battery box design with Thermal
eFlame resistant materials Solutions providers

—Parker(t8



Pathway for Growth - Batteries and Collison Repair

Major
Concern for
Insurers is
Repair and
Costs

* Thermoset composite providers develop ability

* Insurance providers face high risk and liability
to create crash-worthy battery box designs

if “repaired to like new” as authorized by
Insurers but fire from battery at a later date * Components should be modular and

causes injury or death replaceable
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