AsahiKASEI

Speaker for today

Davin Keon, an engineer at Asahi Kasei Plastics
Singapore. With a focus on E-Mobility in India, he led
successful  marketing campaigns and  technical
advancements. Advocating co-development, Davin
emphasizes creating value for consumers.

With 9 years of R&D experience at companies like The
Polyolefin Company and REC Solar, he brings expertise in
next-gen product development.
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AsahiKASEI

Engineering Plastics in ASEAN + India @ singapore
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AsahiKASEI

Asahi Kasei Plastics Singapore

. -

CH

2002 PPE polymer @ Jurong Island

Founded Manufacture Plant & Technical Center
ISO 17K Accredited laboratory

0$) {8
B | [ 4
Sales & Technical Support Q@ Harbour Front
3 Engineering Plastics Sale office
( 3 Engineering Plastics :
4 N
LEONA TENAC | XYRON Enhancing EV
Polyamide Poly Acetal Modified Polypheylene Ether Battery Safety
m-PPE

- J
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AsahiKASEI

Growing market — Electrification

Addressing E-Mobility
growing trends




Electrification on rapid growth

Electric car sales exceeded 10 million in 2022

Millions Electric car sales
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Il china

IEA (2023), Global EV Outlook 2023

Global sales of electric cars were increasing at a
rapid rate. 2023 is set to be another record year.
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IEA (2023), Global EV Outlook 2023

Global sales of electric cars were increasing at a
rapid rate. 2023 is set to be another record year.

Electric car started to sell in emerging economies

Thousands
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IEA (2023), Global EV Outlook 2023

Although motorcycles are generally much more
prevalent in Asia, electric car sales jumped in India,
Indonesia and Thailand in particular.
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Global sales of electric cars were increasing at a
rapid rate. 2023 is set to be another record year.

Electric car started to sell in emerging economies
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IEA (2023), Global EV Outlook 2023

Although motorcycles are generally much more
prevalent in Asia, electric car sales jumped in India,
Indonesia and Thailand in particular.

AsahiKASEI

Electrification is not only about cars

EV sales share in 2022

15%

[ ] Rest of world
[ India

[] United States
B Europe

Il China

10% A

5%

0% -
Cars Two- and Three Buses Trucks
Wheelers
IEA (2023), Global EV Outlook 2023

Electrification is already widespread among Two and
Three wheelers. Sales of electric buses are picking up;
Trucks are the next frontier for electrification.

* Not only Electric Cars, Electrification of 2 & 3 Wheelers, Bus and Truck will also be rapidly increasing.
« How about safety of Electric Vehicles? Is it safe?

Copyright 2024 Asahi Kasei. All rights reserved.
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Lithium-ion battery accidents

Personal Mobility E-bike E-Scooter E-Bus E-Car
Device (PMD)

Transportation _ —qor= 2 - }
5 - &
@"\M@ (] OL1@ YR
USA

©

Country Singapore India China USA

Root Causes Lithium-lon battery Lithium-lon battery Likely due to Likely due to Likely due to
malfunctioned malfunctioned Lithium-ion battery Lithium-ion battery Lithium-ion battery

Consequences 1 Fatality 4 Fatality 8 Fatality 5 E-Bus destroyed 1 E-Car destroyed

Sources Channel News Asia Associated Press Reuters South China Morning Post WEAA

« Lithium-lon batteries pose a fire hazard if not manage properly.
« With enhanced safety regulatory, fire accident can be prevented.

11
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https://apnews.com/article/new-york-ebike-store-fatal-fire-789d04a128a93160810743acf9c4f893
https://www.channelnewsasia.com/singapore/ang-mo-kio-fatal-fire-modified-pmd-lithium-ion-battery-charging-3666591
https://www.reuters.com/world/india/fire-electric-scooter-showroom-southern-india-kills-eight-2022-09-13/
https://www.scmp.com/video/china/3136069/electric-bus-bursts-flames-sets-nearby-vehicles-fire-china
https://www.wfaa.com/article/news/local/tesla-battery-fire-engulfs-car-in-flames-in-plano-texas-owner-says/287-d5268ba6-55ce-448a-8450-d8cff6e2c888
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Thermal Propagation test

BMS, Material or Design Standard Tests Enhance fire safety

Yes 3
. External Short Circuit Protection h
ermal
BMS - Battery .~ Overcharge Protection Propagation
Management System |~ Discharge Protection Test
L] Over-Temperature Protection /
 Vibration
Material + Design  Thermal shock & Cycling
. Drop Test
.~ Mechanical Shock
Matorial ~ Fire Resistance No I AR e 1l
ateria Il Thermal Propagation Test [ [ T Year of standard
2016 2019 2019 2023 Implementation
European Indonesia Vietnam India
UNR136 SNI 8872 QCVN91 AIS156

 Thermal Propagation test is likely to be introduced in future standard revision to enhance fire safety.

- XYRONT™ can increase fire safety of batteries pack by protecting passenger from Thermal Runaway situation.

12
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Modified Polyphenylene Ether (m-PPE)

XYRON™ —
Features & Benefits




XYRON™ — FEATURES & BENEFITS Asahi KASEI
Well balance XYRON™ meeting battery requirements

End user e = Key
concern requirements
: Flame Retardancy
& Battery fire (FR)
Cracks after Hiah Impact
§2 dropping swappable 9 P
: resistance
batteries

Heavy batteries
pack Low Specific Gravity
~— (Low Mileage)

==
i_'& Material degradation Thermal Resistance

S E-Waste
il

§» management Ease of Reworkability

14
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AsahiKASEI
Well balance XYRON™ meeting battery requirements

+ Value-add

End user XYRON™

concern

Halogen-free FR
UL94 VO @ 0.75mmt

REACH Compliance
battery pack

Flame Retardancy

& Battery fire (FR)

I
I
(Cj)rack_s after bl High Impact High Impact Pass UNR 136 drop
b;C’:fe 2:22 SWappabie resistance >40 kJ/m? test
Heavy batteries 3 | glé S ecifl;gvc\;ravit * Lighter battery pack
?LaCk i ) Low Specific Gravity 1 P 11 y (Higher mileage)
~— (Low Mileage )
v . . . gk
i’& Material degradation Thermal Resistance E RTI > 100°C Battery safety
E-Waste Ease of Reworkability % No Potting 2nd |ife for batteries
L management = required after End Of Life

Copyright 2024 Asahi Kasei. All rights reserved.
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Superior Fire Resistance of XYRON™

/

\

Testing Condition

3 mmt plates

~4 cm at 45° from the
sample’s contact surface.

Maximum temperature is
around 850°C.

The fire and timer is
stopped once a pin hole
is observed on the plate.

~

J

[ FRPC/ABS

V0: 1.5 mm

Burn time: 0 min 58 sec

\ Burn through: Yes y

[ FR PC )

V0: 1.0 mm

Burn time: 1 min 51 sec

\ Burn through: Yes y

AsahiKASEI

( XYRON™ 340Z

VO: 0.7_5 mm

Burn time: 1 min Zc

\ Burn through: Yes y

( )

XYRON™ 5402
VO0: 0.75 mm

-

Burn time: 2 min 19 éc

\ Burn through: Yes y

( )

XYRON™ 4432
VO0: 0.75 mm

Burn time: 2 min 58 sec

\ Burn through: Yes y

XYRON™ G532Z )

VO0: 0.75mm

Burn time: >5 min 23 sec

Copyright 2024 Asahi Kasei. All rights reserved.

\ Burn through: No y
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AsahiKASEI
XYRON™ Grade proposal

Flexural Modulus (MPa)

12,000 - <
{ Filled Grade \I
10.000 - I Recommended for pouch & prismatic |
’ | application - Under development
| 30% GF |
8,000 1 Nonfilled \
| NOr=riticu |
: ® %3)3(?310% Mica : Recommended for Cell holder :
6,000 | | | T .
| | : f Non-Filled, High impact !
4,000 - : .G601Z | : |Recommended for battery case |
| 10% GF | , | l
1 | A 540Z ! | 4437 |
2,000 e /1 3407 : S y
0 ‘\ _________________ /I
0 10 20 30 40 50

Charpy Impact Strength (kJ/m?)

[Above XYRON™ grades are Halogen-Free Flame Retardant > VO @ 0.75 mmt, 5VA @ 2.5 to 3 mmt. ]

17
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AsahiKASEI
XYRON™ Benchmarking

Value proposition Property XYRON™

PC

PC/ABS

Thermal Shock Test Impact Strength (After aging) 2

IEC 60068-2-38
Environmental
testing

Composite temperature/
humidity cyclic test

Energy efficiency due to low weight Low Specific Gravity 9 O
Structural integrity for large and complex designs Dimension Stable . . ’
Fire Resistance Test Non-Halogen FR ‘ ‘
Battery Safety :
UN R 136, 1.m Drop Test, Direct Impact Strength (After aging) ! ‘
AlS 156 Indirect contact of water

Impact Strength (After aging) 3

Testing conditions:

1 — Internal Method: -20 °C to 85 °C/85 %RH for 10 cycles.
2 —UN R 136/AIS 156: -40 °C to 80 °C for 10 cycles.

3 —IEC 60068-2-38: -10 °C to 55 °C/93 % RH for 10 cycles.

18
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XYRON THERMAL CYCLE PERFORMANCE Asahl KASEI

XYRON™ shows no deterioration after thermal cycle test

UNR 136 Thermal Shock Test IEC 60068-2 Composite temperature/ humidity cyclic test
Testing Condition Testing Condition
+ -40t0 80 °C « -10to55°C
Charpy Impact Retention « 5cycles Charpy Impact Retention . 93%RH
* 10 cycles
100% \ wowr T I ---------------------- 100% -
95% - 95% -
(A5%)
90% n 90% ]
85% - - 85%
= :;;;5;: =
0 | 0 |
XYRON™ XYRON™ PC PC/ABS XYRON™ XYRON™ PC PC/ABS

340Z 4432 340Z 4432

19
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AsahiKASEI
Total application development using CAE analysis

Planning - Receive part design from customer

20



AsahiKASEI
Total application development using CAE analysis

Planning - Receive part design from customer

Conceptual - Topology and parametric design optimisation

21
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AsahiKASEI
Total application development using CAE analysis

Design

Planning - Receive part design from customer

Conceptual - Topology and parametric design optimisation

Design modification - Structural analysis

* Nonlinear Static with multiple contacts

* Thermal expansion

* Creep & Stress relaxation

* Predict of failure load

* Dynamic: crash/impact analysis = Drop Impact test

* Anisotropic analysis

« Fatigue analysis

 Modal & Frequency response analysis = Vibration
test & Mechanical Shock

* Acoustic analysis

* Multibody dynamics analysis
22
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AsahiKASEI
Total application development using CAE analysis

Design Prototyping

Planning - Receive part design from customer

Conceptual - Topology and parametric design optimisation )

Design modification - Structural analysis

* Nonlinear Static with multiple contacts
* Thermal expansion

* Creep & Stress relaxation .
* Predict of failure load .
* Dynamic: crash/impact analysis = Drop Impact test .
* Anisotropic analysis .

« Fatigue analysis

 Modal & Frequency response analysis = Vibration
test & Mechanical Shock

* Acoustic analysis
* Multibody dynamics analysis

Copyright 2024 Asahi Kasei. All rights reserved.

Prototyping Verification = Mold filling analysis

Thermoplastic injection molding

» Optimization of gate position

» Prediction and improvement of warpage

» Prediction of injection machine size

» Residual stress

» And more...

Gas-assist

Overmolding

Injection compression

Multiple-barrel thermoplastics injection molding

23



AsahiKASEI

Total application development using CAE analysis

Concebtual Design Prototyping Preparation Commercial
P Modification Verification for production Production

Planning - Receive part design from customer

Conceptual - Topology and parametric design optimisation )

Design modification - Structural analysis

* Nonlinear Static with multiple contacts
* Thermal expansion

* Creep & Stress relaxation .
* Predict of failure load .
* Dynamic: crash/impact analysis = Drop Impact test .
* Anisotropic analysis .

« Fatigue analysis

 Modal & Frequency response analysis = Vibration
test & Mechanical Shock

* Acoustic analysis
* Multibody dynamics analysis

Copyright 2024 Asahi Kasei. All rights reserved.

Prototyping Verification = Mold filling analysis

Thermoplastic injection molding

» Optimization of gate position

» Prediction and improvement of warpage

» Prediction of injection machine size

» Residual stress

» And more...

Gas-assist

Overmolding

Injection compression

Multiple-barrel thermoplastics injection molding

24
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E-Mobility solutions

Case study — 1

XYRON™ + CAE support to
customer

25



AsahiKASEI
XYRON™ + CAE = Complete solution for E-mobility

Design Modifications

Increase Base o
thickness from 3 Rib t=4mm

t=5mm
A to 4mm and ¥
- h::“*-h

--..._Change shape

t=4mm t=4mm

Recuroment | e
After Modification m After Modification m Before Modification m

i
. PASS

L X

R
N XCCCRROOROBO
N CREOOSBOOME T X

0

/
()
O 1 X

AROBOG0)
i
W
f { ’2‘: i )
':." 00 .”'ﬂ"""’ AAAA LY
N
r'G'Q:?:a'r NI oo

Drop Test

)

OO0
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PASS FAILED

No Crack after 6
axis drop test

)
" AN
.“"‘r ¥ ‘ ‘. "‘ {
j.:;t:{:?:.m.ofc? AN
\/ l'" YAV v,y \7 : g \/
e

\J

XYRON™ + CAE + Customer = Project Success!

Copyright 2024 Asahi Kasei. All rights reserved.




AsahiKASEI

E-Mobility solutions

Case study — 2

Thermal Propagation test by
Nail Penetration method

27



AsahiKASEI

Battery Pack Information

Thermal Propagation test by Nail Penetration method
Design

Cell wall: High Cell Wall, covering battery cell

Any Potting: No potting

Re-workability: Easy, Not bonded with battery cell

Testing Conditions

Pre-Test: Fully charged & Cell temperature 60°C before test.
Nail Penetration: Center of the cell

Bottom Cell holder

Requirement
No Thermal Propagation to other cells

After Test
Before During Test
Battery Case — XYRON™ 443Z Cell Holder - XYRON™ 540Z
Cell Voltage
}‘TF View from Inside | Bzét;ﬁry detected? Results
‘ Before After
A v X
B v v No Thermal
C v v Propagation
XYRON™ contained the flames within | XYRON™ achieved protection of
the battery pack. individual cells D v v
28
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XYRON™ summary

Key Takeaways

29



Key benefits of XYRON™

Enhanced Safety

J XYRON"

Increased &
Mileage

E-Waste
Management

Copyright 2024 Asahi Kasei. All rights reserved.
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 Enhanced Safety:

|solating thermal runaway reactions

Compliance with safety standards i.e AIS156 Thermal
Propagation test, UN R136 drop test, etc.

* Increased Mileage:

Low specific gravity

Non-potting solution

- E-Waste Management:

With design to increase in cell wall & elimination for
the need of potting,

Allowing batteries to have potential second-life
application, contributing to reduction in E-waste,
aligning with sustainability goals.

30
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Question & Answers




Contact information

Webinar content
Davin Keon, Asahi Kasei Plastics Singapore Ptd. Ltd.
davin.aps@asahi-kasei.com.sqg \

Sales Enquiries

ASEAN: Christopher Ong , Asahi Kasei Plastics Singapore Pte. Ltd.
INDIA chris.aps@asahi-kasei.com.sg
OCEANIA

Other Regions

THAILAND: Segawa Hiroo, Asahikasei Plastics (Thailand) Co., Ltd.
hiroo.segawa@asahi-kasei.co.th

Stay connected with us

w @ O

32
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https://www.youtube.com/watch?v=QIf_qHKDbrk
https://www.linkedin.com/company/asahi-kasei/mycompany/
https://www.asahi-kasei-plastics.com/en/products/xyron/

AsahiKASEI
Disclaimer

- The content of this presentation material is protected by intellectual property laws. All rights reserved for Asahi Kasei Plastics Singapore
Pte Ltd.

- The information provided is based on studies and data Asahi Kasei believes to be reliable to the best of its knowledge

- Data shown are typical values obtained by proper testing methods and should not be used for specification purpose. Please use these
data for selecting the most appropriate grade suitable for specific usage.

- These data may be changed because of improvement in properties.

- Any descriptions, pictures, data and drawings etc shown may change without prior information and do not constitute the agreed
contractual quality of product.

- Be sure to read the relevant SDS before handling and use, and always follow the important precautions.
- Do not use plastics in any of the following orally- or medically-related applications.

- Orally-related application: any part, device or component which may come into direct oral contact or into direct contact with drinking
foods or beverages. For drinking water application, please consult Asahi Kasei representatives

- This is a work derived by Asahi Kasei Plastics Singapore from IEA material and Asahi Kasei Plastics Singapore is solely liable and
responsible for this derived work. The derived work is not endorsed by the IEA in any manner.

33
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Asahi KASEI

Creating for Tomorrow

THE COMMITMENT OF THE ASAHI KASEI GROUP:

To do all that we can in every era to help the people of the world
make the most of life and attain fulfillment in living.

Since our founding, we have always been deeply committed

to contributing to the development of society,

boldly anticipating the emergence of new needs.

This is what we mean by “Creating for Tomorrow.”

34
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