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Todayos Seminar Goal s
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and lightweight EV battery enclosures

A Fire resistant
A Lightweight
A Easily integrated with proven technologies and design approaches

A Cost effective
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Wh OIS H exion ? thermosetting resins and a leading producer of coatings,

adhesives and specialty resins.

Our specialty chemicals are critical components in most
paints, coatings, binders and other adhesives that serve a
diverse range of industries and provide valuable
performance characteristics of durability, gloss, heat

resistance, adhesion or strength of the final product.
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Hexl onoOs Busli ness Heri tage

A history of firsts in the chemicals industry and continued growth spanning more than a century

MDshell

T

BakellteAG

Borden Chemical

Ty 1899 Y 1910 7y 1942
" Gail Borden Jr. and Company is founded, offering first ~ Leo Baekeland develops one of the first synthetic plastic, " Dr. S.0. Greenlee at Jones-Dabney Paint (which is
process for condensedmilk spawning the Bakelite Company \ eventually purchased by Celanese) synthesizes the first
1 1 epoxy resins in the U.S., using Shell epichlorohydrin
) 1910s () 1920s
Casein, a byproduct of Borden’s milk production process, is T Bakelite, marketed as “The Material ofa Thousand Uses,’ () 1952

first used as an adhesive for wood products such as plywood experiencesrapid growth Shell begins the first commercial production of epoxy resins

() 1940s () 1980’s
() 1950s T Commercial plywood and particleboard become common, using Celanese chemists help develop the first waterborne epoxy
T Primarily a dairy company, Borden expands into industrial Borden and Bakelite products as glues resins, reducing emissions from flooring, adhesives,

products, chemicals and petroleum.

1981
First Space Shuttle launches using Borden phenolic resin in
its engine nozzle to resist heat and fire

2001
Borden divests its dairy and food divisions and focuseson its
chemicals business — renames itself Borden Chemical Inc.

1978

First modernwind turbine is built utilizing specialty epoxy resins |

froma Bakelite company

coatings and textiles.

1993
Shell acquires Jones Dabney and Celanese Resin legacy
businesses

2000
Resolution Performance Products (RPP) formed from Apollo
Management Acquisition of Shell's epoxy and Versatics

businesses

2005 2006 2012 2015-2017 2018 2019

Hexion Specialty Chemical formed by Hexion launches EcoBind  The Advanced Applications Major facility expansions Resonance™ brand of polyols EPON™ FlameX epoxy
merger of Borden Chemical, Bakelite AG, ultra-low emitting resin Development Center opensto including increased capacityin ~ launched into foam, tire and systemtakes center stage at
RPP and Resolution Specialty Materials technology for plywood, fasttrack development of China, wax productionin other industries, improving fire  JECin Paris. The resin
(formed from Apollo’s purchase of particleboard and other lightweight automotive Brazil, formaldehydein U.S. resistance and strength systemhas low fire, smoke
Eastman Chemical's coatings, adhesives engineered wood composite materials and resin productionin and toxicity properties.

and polymers businesses. Canada
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A Strong Global Presence Serving Customers Worldwide

Forty-seven (47) Production Sites Around the World in 85 Countries

2. HEXION
Columbus, Ohio USA

EPCD
FPD

R&D o
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A leading oo " HEXION

10 DUC
JC C
alerials 48 Hexion at a Glance
oplie E —
== : A Based in Columbus, Ohio USA
orest Product Re pe poxy Re A 2019 Global Sales of US$3.8 Billion
A Nearly 50 facilities globally
. N | A Approximately 4,000 employees
N A More than 3,000 customers across various end-use markets
A More than 800 active patent files and over 800 trademark files
Primary Technologies:
#1 ININDUSTRY = o
o A Amino Resins
~henolic Spe Re ersa AL A Epoxy Resins
. | o) A Phenolic Resins
A e - P A Polyols
A VersaticE Aci ds & Derivatives




Sustainability Mindset

A UL 880 Certified (Standard for Sustainability
for Manufacturing Organizations)

A Founding member of American Chemistry
Counclil Responsible Care® Program

A EPA and REACH compliance for all products
A Product Risk Prioritization Handling Strategy

A https://www.hexion.com/en-
US/company/responsibility/sustainability/
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https://www.hexion.com/en-US/company/responsibility/sustainability/

Hexion thermoset solutions for EV Applications

Structural

) Components Electrical Motors
Suspension

Components

Exterior
Components

Battery
Enclosures

Underbody Battery Thermal
Management System
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EV Battery Enclosures
Requirements and
Current Trends
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Innovative fire retardant material solutions are needed

| nt er nal : Exter nal :

GB 38031-2020 GB/T 31467.3 & ECE R100

,‘ HEXIONW February 24,2021 | 10

Responsible Chemistry



Battery Enclosure Typical Construction and Main Functions

* Semi-structural part
|+ Seal and protect battery from water, dirt/dust, fire, ...
* Protect the passenger compartment in case of thermal run-away in battery cell / pack

PCH!EEG volume ;
tac
ol S expansion receptacle

1 mm Thick l Seal
4 “pla!hf pack | [ | | | X [mm] / ceal .
—— = : mp——— EET — Sealing Flange
A = [T 3 || A7+ (0] =T V
i IESLR 3D box structure can be provided by either the Tray or the Cover
To Requirements and design vary by OEM and region
Tray — Battery Pack Configuration

« Structural part, optionally part of BIW.
* Carries the (heavy) battery

{* Protects the battery against intrusion risk during crash or other adverse situations.
* Provide fire protection towards open fire under the vehicle

" HEXION
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Battery Enclosure Fire Safety Requirements 2021 and Beyond
Regulatory Trends Becoming More Demanding (2019-2020)
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FST A BEV/PHEV mandatory
_ A Clear push to high-
REQUIFEd end offering (drive
range and battery
technology)

A Toughest FST
requirements on
complete enclosure
starting January 2021

FST
Not
Required

A EU OEMs, have a
strong stake in China

A CO2 emission
targets getting more
stringent than
expected spur shift to
NEV

A Regional FST
requirements are
focused on battery
cover; tend to lag CN
by 1-2 years

Ford/GM have
important stake in
China need to meet
FST requirements
Tesla expanding
production in CN

EV implementation
less fast or extensive
Regional FST
requirements are
limited

OEMs starting shift
toward FST evaluation
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GB/T 31467.3 & GB 38031 Test Overview

Refractory Partition Testing Object
RIARE CGRRRIAE) X Oil Pan

Requirement

Testing Frame  ZiUUMBAIFE

Battery unit 70 seconds direct
5 Battery cover ; 60 seconds direct or indirect
External Fire
Petrol level to test
: 50 cm
object
. No explosion or fire me 30 €315
Criteria . e ; ®BA1S - A6
Selfextinguishing ; \ 3 ;
- el e Fire Resistance : SK 30 ;
. Time from alarm signal to fire \J. \J N AN L
: : : 3 i NI i L Component : 30-33% Al,O; ;
. Fire spread rate : spread beyond enclosure should : | . AN/ ; : B T T . s
GB 38031 | be > 5 minutes  Eas | SN NN O >_ Density : 1900-2000kg/m” ;
Internal R e ST . T3 DN D N e ——— Effective hole area : 44.18% :
; . Time from alarm signal to smoke : U U/ ,
Fire/Smoke : - : L. N4AN AN _ Aperture Ratio : 20-22% by volume ;
. Smoke diffusion rate S[OITEEL) [T PEEISEEr E | ATNNLL A TN N T N
; ' compartmerlt should be > 5 -27.533—‘.\.723——3735——3713‘:—3723.::3-723437.5:a lc—
- : . minutes : ” 24045 —3 o
R r T T e P PP PP E PP T PP PR PRy (mm) A-A
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Key Requirements for EV Battery Enclosures

A Fire resistant

A Package protection

A Knee loads

A Impact, 15 g impulse

A Survive 30 offset barrier

A Punctureproof

A Impermeable to 1m water, dust

A Corrosion resistant

A Lightweight

A Easy to assemble and service
A Non-conductive

A Provide thermal regulation

A Electromagnetic Interference /
Electromagnetic Compatibility
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Battery Cover Examples

A Semistructural part

A Seals and protects battery from fire, water, etc.

A Provides fire protection towards the passenger in case
of run-away event (dependent on regional regulation)

ek |

BMW i eDrive Battery Pack
—

Passenger sits i literally i on top of the battery cover
Importance of Fire protection is evident Example of a 2D cover / shallow draw
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Battery Tray Examples

A Structural part, optionally part of BIW.

A Carries the (heavy) weight battery

A Protects the battery against intrusion risk during crash or other
adverse situations.

A Also requires FST protection

-

BMW i eDrive Battery Pack
N\ LV

N
1 ¢

Example of 3D Cast aluminum tray and cooling system Dai ml er 0 s

dedi cated architecture f
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Fire Resistant
Material System for
EV Battery Enclosures
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Two primary material and process formats for thermoset
composite EV battery enclosure c

1 - S M C Chopped fiber format

Excellent moldability for complex shapes

Sheet Molding Compound Lower mechanical properties

Can incorporate continuous fiber reinforcements

Continuous fiber format

Excellent mechanical properties

RTM capable of molding complex
geometries- preforming required

LCM compatible for simple geometriesno
preforming required

- /
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2 - RTM/LCM

Resin Transfer Molding /
Liquid Compression Molding
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SMC: A Versatile and Cost-Efficient Process Format

Roving Continous
strand roving
L J L J

=
%

@
Carrier
film
[
Resin
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Carrier
film

LSA

T

Chopped
roving

Filler

|

Others

|

Compaction

cylinders

A Offers significant design freedom

A Very good mechanical properties

A Flexible resin chemistries and fiber types
A Low scrap rate compared to other formats

A Established global supply chains

SMC
paste

A Large and scalable industrial capacity
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Hexi onds New EPONOLE TRAC 06921

A No FR additives: inherently resistant
A No styrene, ultralow formaldehyde
A Globally available

A Processes on standard SMC equipment
A Pass automotive FST test requirements
A Excellent mechanical properties

A 2z 3 minute total cure time
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Hexion Eponol™ Resin TRAC 06921 System:
A Unique Value Proposition for EV Battery Enclosures

A Lower density vs. aluminum
A Lower replacement tooling expense (vs. cast aluminum)

A Greater design flexibility
A Packageconstrained HEV designs
A Integrated cooling concepts
A Onepiece designs prevent dust/water intrusion

A Inherent electrical and thermal insulation
properties
A Corrosion resistant

Eponol™ Resin TRAC 06921
BlackPigmented System
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Battery Box nBonfire Testo Using
GB/T 31467.3 Test Protocol

https://youtu.be/3eQcWGnJKk g
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https://youtu.be/3eQcWGnJk_g
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Excell ent Property Retentili on EVE

EPONOL 06921 SMC retains
>65% of Its strength and
Impact resistance even after
full fire exposure.
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