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WORLDWIDE BATTERY MARKET FORECAST FENIBAT.
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Lead-Based and Li-ion batteries will remain in 2030, the 2 most important markets and
Will reach 4.15 TWh & USS around $430Bn in 2030. The CAGR .30 in value is 14%

The worldwide battery market in value Market value at Pack level, 2010-2030, in USSBn
by chemistry, 2010-2030, GWh

4500 4150 500 - B
4000 - 450 1
400 - " Others
3500 - m Others
350 :
3000 - m Li for Others(2)
Li 300 -
2500 - [ = :
S 2080 o B 250 - m Li for xEV(1)
O 2000 - | NiMH Bl e . _
1 Li for Electronic
1500 - ) 150 - 115 Devices
845 1400 mNiCd NiMH
1000 - 100 - 75
380 o 288 43 L
500 - W Lead- 50 { 10 m NiCd
based o
M Lead-based
2010 2015 2020 2025 2030 2010 2015 2020 2025 2030
(1) Pac§< level: pack including cells, cel assembly, BMS, connectors — power electronics (DC-DC converters, invertors, etc.) (1): Li for xEV including all kind of electric passenger cars HEV, PHEV & EV, E-buses, E-trucks, E-vans
not included (2): Others: automatic handling equipment, robots, forklifts, UPS, telecom, medical devices, residential ESS, grid ESS, drones, hoverboards, etc.
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PB-ACID BATTERY CROSS-SECTION FENIBAT.
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A cell:

positive and
negative plates
with separators
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GRIDWITH
PASTE = PLATE

SEPARATOR
M——

Cells are connected
with metal that
conducts electricity
from one cell to the
next.
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SEPARATOR COLLAGE FEMIBAT.
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PB-ACID SEPARATOR - PROCESS FLOW CENBAT.




Batteries Fair + Conf

UHMWPE GEL PROCESSING CFEMBH!
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Twin-Screw Extrusion

P Silica
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PB-ACID SEPARATOR — SLITTING & WINDING FENIBAT.
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Pb-acid separator (150 -500 um)
ENTEK Global Capacity > 420 Million m2 s ©ENTEK
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ELECTROCHEMICAL OXIDATION TEST — OIL REACTIVITY & CONSUMPTION o CELIBAT.

Residual BW Qil (%)

20

15

LR-Type Separator

thNational and International Lead

'&// 7 Batteries Fair + Conference

s Wy

f o °* ELRA LR2 ALR-3 #Average
‘\ . /
O . -
t I , .
~ . / O
&
Pristine Edge of Center of test Edge of test area
separator area

Residual Oil (wt%)

20

15 {\

LR-Type Separator

10

© Separator Sample, Edge = Test Area, Center ¢ Test Area, Edge

'S e
A °
'Y
100 200 300 400 500 600 700

Electrochemical Oxidation Time (hrs)

O All separator types show a significant reduction in oil content in the electrochemical test area
1 Key considerations for improving oxidation resistance

Oil composition
Oil / UHMWPE ratio
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ABSORPTIVE GLASS MAT FIENIBAT.
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VRLA batteries are used in a variety of applications that require certain features of

the AGM separator. Depending on the customer need, ENTEK AGM is available in three
types and can be generally described as follows.

1. All-glass fiber AGM: typically used
in applications where maximum
capacity and battery life are
concerned.

2. Hybrid-AGM: Used where
mechanical strength is important,
for example high-speed battery
assembly.

3. Hybrid-PLUS-AGM: Used in similar
applications as Hybrid-AGM,
especially where there is a
requirement for long-life cycle
batteries.
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ROTARY ATTENUATION PROCESS FENIBAT.
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AGM PAPER MANUFACTURING FENIBAT.

thNational and International Lead
ir + Co rence

Batteries Fair + Conf

1. Stock Prep | 2.Forming l 3. Drying l 4. Winding |

Materials
Microglass Storage
fibers, etc.

Paper machine Dryer

Winding

—_—

5.Slitting & Packing | v
Slitting
Rewinding Mother roll

Winding

D=0
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AGM SLIT ROLLS ARE DELIVERED TO CUSTOMERS e LELBAT.
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L
. 2024/07/09
WD 10.8mm 13:55:59




IMPROVED COMPRESSION/RECOVERY FOR LONGER CYCLE LIFE

FENIBAT.
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* In wet conditions(H,50,), the AGM was repeatedly compressed between 10kPa and 50kPa 100 times.
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LI-ION BATTERY CROSS-SECTION

Cylindrical-type battery

&> Positive electrode

Negative &
electrode

| Anode
| Cathode
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Laminated-type battery

Positive
electrode
) Negative

| Anode
| Cathode
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LI-ION SEPARATOR PRODUCTION CENBAT.
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J“Wet Process” used at both locations

= PE / oil phase separation

Blown Film Technology

=  Biaxial orientation

|

|

=  Solvent extraction '
=  5-25 um thickness ﬂﬁ_ NS
Tg;u s;:nw s°|.vem Air Drier Shacd Bt i PullRoll  Winder

Chain System

Cast Film Technology

Pull Roll Winder

Air Drier
Rollstack  MDO TDO Solvent Heat Setting with
Chain System
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LI-ION SEPARATOR REQUIREMENTS FOR EV APPLICATIONS

] Base Film
= 9-12 um thickness
= Homogeneity
= Controlled pore structure

Impedance
Wettability
= Good mechanical properties
Stiffness
Puncture resistance
Toughness
= Thermal response
Shutdown
Meltdown
 Ceramic Coating Adhesive
* Provides oxidation resistance ' c ic Coati :
= |nhibits dendrite penetration eramic Loating
* |mparts high temperature dimensional
stability Base
J Adhesive
= Lamination to electrodes in certain cell Ceramic Coating
designs [ ]
= Mixed into ceramic layer Adhesive

= Quter acrylic or PVDF copolymer layer 0 & ENTEK
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FRACTURE & SURFACE SEM — SINGLE SIDE COATED SEPARATOR FENBAT.
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SEM WD 10.0mm 9:55:47

Separator produced during pilot line coating trials in Japan
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FRACTURE SEM — DOUBLE SIDE COATED SEPARATOR

625K X Signal A = InLens
Signal B = SE2
Mix Signal = 0.0000

WD = 48 mm

Time :15:40:55 Center for Electron Microscopy Mag= 1250K X Signal A = InLens WD = 4.8 mm

EHT=1000kV  Date :1 Dec 2023 2 m Signal B = SE2 EHT =10.00 kV

Photo Mo. = 2

Sample 1D = U1701231: HTDS F I Mix Signal = 0.0000 Photo No. = 27

Separator produced during pilot line coating trials in Japan
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Time :15:41:33 Center for Electron Microscopy
Date :1 Dec 2023

Sample 1D = U1701231: HTDS
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THERMAL SHRINKAGE TEST |- pEEi s
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Before After shrinkage
shrinkage testing

testing | @180°C
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ENTEK ceramic coated separators exhibit < 5% shrinkage in both the
machine and transverse directions after being heated for 1 hr at 180 C )3 @ ENTEK
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IMPACT OF PARTICLE SIZE AND COAT WEIGHT CIENIBAT.
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ENTEK separator with alumina nanoparticle coatings required 60% less ceramic
to achieve high temperature dimensional stability at a lower raw material cost ,, @ ENTEK
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NEW LI SEPARATOR PLANT UNDER CONSTRUCTION CeLBar

Bttl FI Cf
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