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Presentation Qutline DA LAMMIC

 Motivation and Needs: Partial State of Charge (PSoC) Landscape and Challenge
O Traditional Separator Design in Flooded Lead Batteries (FLB)

 Problem Statement in FLB - Acid Stratification Due to PSoC

O Future FLB Separator Design for PSoC

[ Concept of Stratosphere™: Solution to Acid Stratification in FLB
3 Improved PSoC Cycle Life and its Mechanism in FLB by Stratosphere™

O Improved Battery Management System (BMS) Accuracy in FLB by Stratosphere™

A Other Battery Performances by Using Stratosphere™
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Motivation: Voice of Customers (2024) DA LAMIC

CONSORTIUM FOR BATTERY INNOUATION e TECHNOLOGY FOR TOMORROW " e,
3 INNGVATION

"

12V BATTERY SURVEY RESULTS (2/3)

Undercharge & sulfation dominate as failure cause, CA/CR & PSoC are ranked as top priorities
NB: corrosion, water loss, high temperature are not seen as high priority

23. Which failure mechanisms are dominating 19. Do you require more capability of either of the following? Multiple
(25% or more) in warranty returns in your answers possible. T
electric vehicles to date? Select all that apply. 19 Good charge acceptance for wet batteries

without a grade of stratification, which
reduces performance.

14 14 . /
13 . K2 e e

Deep discharge PSoC Performance at Capacity High rate Other
extreme discharge
temperatures

47. What are the performance mefrics that you seek to improve?
Multiple answers possible.

25
- - 0 I think it is important to increase all the above
0 | 2

performance, nothing should be left behind.
Undercharge Good battery, Cyclic wear Corrosion Interrupted 19 17 IPS0C cycling means higher Ah troughput

and sulfation should have (positive plates current path during lifetime
been softened etc.) (terminals, . /

recharged only intercell welds, 2
L . O .
welds) Charge Deep discharge PSoC cycling SSOF Corrosion Pulse power Shelf life / self Other

acceptance/ performance Performance resistance performance discharge
efficiency / 6
Column chart scale maximum = Number of respondents T

Clear and Present Needs to Improve More Capability: Deep Discharge + Partial State of Charge (PSoC)
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Motivation: PSoC Operation DALAMIC

PSoC Application Segmentation % Overcharge

EEEN
-\

S
QR o
SIS

__ <10 — SH/UPSon Float SBA (Japan EFB) Shallow Cycling <5%
% — i
20%-40%
—S UPS/ Truck J2185 Truck @ 50c 25% PSoC >110% Overcharge
50 - 67.5% ISS 50- 67.5% 17.5% @ continuous PSoC 27c: 50% DoD then
charge to 67.5% & cycle
N it . >
'E, (N Golf Cart/NEV | EN 17.5% PSoC ®@27c w/Capacity check & Equalization
(7] | | wkly: 50% DoD then charge to 67.5% & cycle
o) « Marine
9_ : I 50-100% 50% PSoC @40c 100% initial discharge, overcharge
o I Mobility/Traction | 108% & cycle 50-100%
< I. Renewable I
o : Energy I
a] |° Utility '
I Inverter : BCIS-15 80 DoD @ 27c¢
I I 0OC 115%/ 110%/108%/ 106%/ 104%/ 103%/ 102%
I. Motive Power |
[

80% > == = = — — _ _

Deep cycle

Re-inventing Separators for Longer & Deeper PSoC Cycle Life
© 2025 Daramic, LLC.  ALL RIGHTS RESERVED AsahiKASEI 4

BCIS-06 100% DoD @ 27c over charge 105% - 120%

N
7



Traditional Separator Design in Flooded Lead Batteries (FLB) DALAMIC

L Major Ribs
> Ribs to positive plate for overcharge gassing escape

> Ribs to Positive plate for acid reservoir and PpETRREe
protection of separator backweb from oxidation _ -
. Negative or Positive
and Short]ng plate | Grid: metal framework
. . . . . Platg: metal &.chemically
> More ribs bring more protection from oxidation PE Separator active matefia
with <0.8mm plate spacing

Seam

Lead Batteries
Basic Reaction

l Positive plate__1 I PbO, + Pb° + 2H,S0,

' f | [\ .

a | [ A Discharge

f \ [\ Separator ._| \ /|

‘ |
A P o S G o
A e e W e W e W s W e W e W s W s W Charge
Negative plate +
gativepate 2 PbSO, 2 H,0 Envelope Separator - Every Negative Plate

Minor ribs to negative plate
(Flat or Mini-ribs)

Traditional Separator Plays an Important Role to Deliver Good Battery Performance in FLB
AsahiKASEI 5
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Problem Statement - Acid Stratification in FLB DAILAMIC

O Acid Stratification i i i

— Concentrated acid is generated at PAM .
(Positive Active Material) during charging =~ ™<

— Immediate gaps between separator and
PAM allows heavy acid to sink and lighter
acid to rise

— Deep discharges + recharge accelerate -
acid stratification

0.10 T — T 0.10 ™ v —

0.05 |- _ 0.05 -

0.00

-0.05

v (mm s°!)

v (mm s71)
g €
e——T

Experimental data
(Adavyoon et al. {7])
———— This model

-0.10 peri
., (Alavycon et al. [7])

T

L i} 1 1
20 2.5 3.0 35 4, 20 25 30 3.5 4.0
x (mm) % (mm)

(Normal Orientation) Comparison of electrolyte velocity profiles during charging
at different timestamps [1]

O PSoC Migrating Towards Deeper DoD
No Overcharge

— Overcharging generates gas bubbles to
rise, which mixes acid

— Lack of overcharge = no more gas mixing

Comparison of plates charging in methyl-orange dyed electrolyte at
different timestamps

Deeper DoD and Less Overcharge Means More Acid Stratification

© 2025 Daramic, LLC. ALL RIGHTS RESERVED [1] Gu, W. B., Wang, C. Y., & Liaw, B. Y. (1997). Journal of The Electrochemical Society, 144(6), 2053. Asahl I(ASEI 6



Future FLB Separator Design for PSoC DALAMIC

Automotive

1 T*’f Serrated Rib profile Normal FLB
' construction

Blend of Deep Cycle :
with Less Rib Mass SIIES [T [P

& Acid Mixing

! I, 1 Normal Orientation
| 1970’°S Less Rib mass: lower IR & Cost | 2000’s B : : : : : : : FELPL | 2024 (Major Ribs on PAM)
Deep Cycle m PEERALEELEEEE Reverse Orientation

(Major Ribs on NAM)

Ribs toward NAM

and Stratosphere
toward PAM

NAM: homogenous contact

A ‘ PAM: 100% intimate contact
1l

More Ribs: more PAM
compression & less shedding

Thinking Outside the Box: Reverse Orientation of Separator Major / Minor Ribs
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Proposed Solution: Stratosphere™ with Reverse Orientation DAILAMMIC

*Top view macro view of separator reverse orientation

4 )

1 Base PE Separator:

— Major Rib: Serrated Rib (19 profile)
— Minor Rib: Cross Mini Rib (X profile) or Flat

O Composite Stratosphere™ Layer Bound to PE Separator

— Intimate contact with the surface of PAM
— Uniform compression on PAM

WY — =i
(19 profile) ]

" X500 | A R R ] S .
- B DaSEISEDATaLoNgss Minor Rlb]

231-1015—(300(5 1?01;-\/;8?(.) x5 LES : EE: : m 500pm (X prOfile)

Stratosphere™ Layer Addresses Acid Stratification by Intimate Contact with Uniform Compression of PAM

© 2025 Daramic, LLC.  ALL RIGHTS RESERVED AsahiKASEI 8



Improved PSoC Cycle Life in FLB by Stratosphere™ DAILAMIC

d VW 17.5% (Continuous) PSoC: Cycling 50% - 67.5% DoD O VW 50% PSoC: Cycling 50% - 100% DoD
12V (\3,‘”5 f? g:/a';‘;arg ﬁ"' ::"I’_‘:‘feg ?fa“e“’ Results 12V Gp48 Standard SLI Flooded Battery Results
270 790 yce -Te T erormance EN 50% DOD Cycle Life Performance
—ll— PE Separator
12.0 —W— PE Separator with Stratosphere 12.0
> _ S
o 11.5 - : 11.5
g g
B —
> D base - \8a6 o bad ot e ‘>J
0 11.0 F omh o 11.0
(@) (o]
Ll (1]
S g:o:om | E’ Per the test standard:
105} : 10.5 R
0000 ' —&— PE Separator with Stratosphere
PE cample s oRRhere —ll- PE Separator
10.0 . 1 N 1 N [ N
10-0 o 1 o 1 M 1 " [ M
0 100 200 300 400 500 0 40 80 120 160
- n=3 reps C cles
n=3reps Cycles *Power outages y

Stratosphere™ with Reverse Orientation Reduces Acid Stratification and Extends PSoC Cycle Life
AsahiKASEI

© 2025 Daramic, LLC. ALL RIGHTS RESERVED



Stratosphere™ Mechanism (FLB) - Intimate Contact with PAM DALAMIC

SoC50%

Proof of Intimate Contact with Uniform Compression of PAM Under Reverse Orientation
© 2025 Daramic, LLC.  ALL RIGHTS RESERVED AsahiKASEI
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Schematic of Stratosphere™ Mechanism (FLB) DAILAMMIC

Gelled Acid @ Free Flowing Acid

Charging

»

Compression + Stratosphere™ = Homogeneous Utilization of PAM/NAM
Gelation Layer Encases PAM with Concentrated H,SO, and Keeps Free-Flowing Acid for NAM

© 2025 Daramic, LLC.  ALL RIGHTS RESERVED AsahiKASEI 11




Motivation: Challenge in Battery Management System DAILAMNMIC

(d Most Electric Vehicles (Evs) control the AUX battery by an

external Battery Management System (BMS) Vaicle Load H
O Monitoring systems can have three continuous inputs: T e ] Z{ sor

— Voltage (V), Current (I), Temperature (T) | e @”;2:;:‘,““
 Open circuit voltage (OCV) depends on electrolyte density g e 5 g <
O With stratified acid, highest acid density determines the OCV, s i

i.e. overestimates real battery State of Charge (SoC) 2 | o atipiec?

g 13,0
O Acid stratification changes Voltage/SoC relationship 32 s e
\\.
 Result: undercharged battery and negative plate sulfation, Ve & 0= @ 96 & w8
leading to poor State of Health (SoH) e

“after 4 cycles between 20% and 80%SOC and 14.7 recharge voltage
AABC June 20-22, 2012

Acid Stratification Causes BMS to Overestimate Real Battery SoC, Leading to Poor SoH

© 2025 Daramic, LLC. ALL RIGHTS RESERVED Asahi KASEI 12



Improved BMS Accuracy in FLB by Stratosphere™ DAILAMIC

U Tested on: Volvo S90 2019 Start-Stop Diagnostic Data Gp65 80Ah/825CCA

» Traditional Separator Design » Future Separator Design » AGM VRLA

Amps

12V Grp 65 Standard SLI FLB: PE Separator 12V Grp 65 Standard SLI FLB: PE w/ Stratosphere Separator 12V OEM AGM 95Ah/850CCA

Charge Acceptance Charge Acceptance Charge Acceptance
MF SLI Flooded MF SLI Stratosphere ; 100

100
/\ AGM
80 ; t

100 -

804 80

60 - 60 |

Amps
=

40 b

O’-..,'; T S e
B s« & s s oo s ams

IR e

20 == 20 -
]

At P Ay AAPRAE L o
Ae - “ﬁ ~ xr K

WA

0 50 100 150 200 250 300 350 400
Time in Service - hr
Time in Service - hr Time in Service - hr

d

FLB with Stratosphere™ Improves BMS Accuracy to Predict SoH
Closer to AGM VRLA Performance

© 2025 Daramic, LLC.  ALL RIGHTS RESERVED AsahiKASEI 13



SLI MF Results - BCI-5 Cycle DALAMIC

BL 435 12V Grp48 Initial 5-Cycle: Reserve Capacity BL 435 12V Grp48 Initial 5-Cycle: CCA BL 435 12V Grp48 Initial 5-Cycle: C20
150 F 10 80F
- v | [ lceat — )
- B T = | |ccaz
= - 8tk — T D . e = — e e
B e o R 60 -
% 100 | S -
£ = 6} <
£ 2 LS
(&) )] S 40 |
(14 >
2 > 4 2
< 50} b4 <
20
2}
A a . 0 o N N 0 1 a L . L . L
EFS-19X  Stratosphere™ with Reverse Orientation EFS-19X  Stratosphere™ with Reverse Orientation EFS-19X Stratosphere™ with Reverse Orientation
Samples Samples Samples

dotted red line denotes manufacturer rating

« RC: RC1 is slightly lower than rating but RC2 hits manufacture rating in the batteries with Stratosphere™
« CCA: Meet manufacture rating in the batteries with Stratosphere™ (all pass)
« C20: Meet manufacture rating in the batteries with Stratosphere™ (all pass)

Not Much Negative Impact on BCl 5-Cycle Battery Performance by Stratosphere™ with Reverse Orientation

© 2025 Daramic, LLC. ALL RIGHTS RESERVED Asah| KASEI 14



Accelerated Oxidation Test DALAMIC

1 Test Condition
‘ — 1000ml of 1.30 Sp.Gravity H,SO, @ 20°C
— Compress the cell with separator by 5kg lead block

g — Temperature 75°C, Applied current: 5A
Sultrio Acd aSS — — Stop supplying current when the voltage drops below 2.6V
Negative
o Ckmg 0 Separator test samples (L 70MM x W 70MM)
Soparator o " — PE (Normal Orientation)
kb Becking — PE (Reverse Orientation)
R i — PE + Stratosphere (Reverse Orientation)

ot (ure
(pure loady I::S — O Running over 100hrs

Resin base

Glass Beaker

Validating Oxidation Resistance of Stratosphere™ with Reverse Orientation

© 2025 Daramic, LLC. ALL RIGHTS RESERVED Asahi KASEI 15



Stratosphere™ Mechanism - Oxidation Protection vs. PAM DALAMIC

Oxidation PE PE PE + Stratosphere™
Test (Normal Orlentatlon) (Reverse Orientation) (Reverse Orientation)

— Faced PAM

Stratosphere Layer Protects Separator Against PAM Oxidation

© 2025 Daramic, LLC.  ALL RIGHTS RESERVED AsahiKASEI 16



Conclusions DAILAMIC

O Proposed innovative Daramic® Stratosphere™ technology

o Featuring a proprietary gelation composite Stratosphere™ layer bound to PE Separator

> Intimate contact with the surface of PAM under uniform compression
» Adeptly controls the electrolyte by absorbing and expanding into the void space
» This evolution in technology retards acid stratification

o With Separator Reverse Orientation design under compression enables

» Homogeneous utilization of PAM/NAM
« Gelation Stratosphere™ layer encases PAM with concentrated acid and makes free-flowing acid for NAM

A This evolution in technology by Daramic® Stratosphere™ technology can

o Extend at least 2x the battery’s PSoC cycle life in flooded lead batteries (FLB)

» Improve PAM utilization by applying homogeneous compression over the electrode surface
» All while maintaining affordability of FLB

o Ensure reliable sulfate ion transport and communication with the battery management system

O Daramic® Stratosphere™ technology

o Combines the best aspects of FLB, VRLA and AGM lead battery separator technologies
» Like no other separator developed to date

o Represents a significant advancement and evolution in the field of lead batteries
» Reinforcing their position as one of the most cost-effective battery technologies available today

ALL RIGHTS RESERVED AsahiKASEI 17



DALAMIC

Thank You!

Naoto Miyake
Asia Technical Director
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