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Empowering the Next-Generation Flooded and AGMe-VRLA Batteries to
Transcend Stratification
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https://vimeo.com/917677271/0b7ae81058

Innovative Path Forward

© 2024 Daramic, LLC.

DAILAMIC

1. No need to reinvent the

wheel.

. 2. Do what we do best
AGM VRLA leveraging our proven
: technologies in Lead
Stable Batteries

Voltage

: 3. Fast customer acceptance

and speed to market using
existing capital and FLB

FLB / process

GEL VRLA
COWiGstE Cycle life
Robust y

“Stratosphere” Novel Separator Technology for both FLB & VRLA
to advance LAB performance and reduce cost.
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Stratosphere Separator Technology- Addresses Acid Stratification DAILAMMIC

Automotive BMS system

Flooded Battery Characteristic
Open circuit voltage vs. SOC

“after 4 cycles between 20% and 80%SOC and 14.7 recharge voltage

[ Gelled Acid  (©) Free Flowing Acid

Stratosphere substrate holds the H,SO, at right place addressing stratification
which is the key for improving BMS communication
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FLB Stratosphere Extends PSoC Cycle Life & Reduce Stratification DARAMIC

12V Grp 65 Standard SLI FLB Results 12V Grp 65 Standard SLI FLB

VW 17.5% PSoC Cycle Life Performance

EN 50% PSoC Cycle Life Performance
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Per the test standard: ,Daiss ? FLB
120 cycles for standard wet batteries '
PE PE w/ Stratosphere 240 cycles for EFB and EFB+
Sample 360 cycles for AFB and AGM "
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n=3reps PE w/ Stratosphere = 3 reps Cy cles

Cycles
PE =1rep

Stratosphere improving 17.5% and 50% PSoC Cycle life by 500% and 200%, respectively
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FLB Stratosphere Improves BMS Communications DAILAMIC

12V Grp 65 Standard SLIFLB: PE Separator 12V Grp 65 Standard SLI FLB: PE w/ Stratosphere Separator
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Tested on: Volvo S90 2019 Start-Stop Diagnostic Data Gp65 80Ah/825CCA
Stratosphere Decreasing Residual Error Between Predicted and Actual Values
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VRLA AGMe -Lab scale Concept Validation

210 - VW 17.5% Continuous PSOC Cycle life

2.05 H

End of Discharge Voltage (V)

L e s S
N N ® ®©® © ©
o u o a o o
1 1 1 1 1 1

2V cell VRLA Rd-1 Cycle life Performance
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* Avg of 3 cells

AGMe cell outperformed AGM in PSOC life cycle test
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DAILAMIC

2V-54 VRLA AGMe Rd1 Cycle life Performance

50% PSOC Cycle life performance after 3000 cycles
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VRLA AGMe Scale up DAILAMIC

Concept validation in 12V batteries

FLB /VRLA Separator Development using Gr 65
12V SLI battery design

14.0 ' V.W 17.5%Continuous PSOC C¥cle life

—— Control FLB ( No compression)
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Addition of final dump and valve insertion
for VRLA Performance

* Avg of 3 batteries

Manufacturing Feasibility using existing low cost FLB SLI battery design
VRLA AGMe outperformed FLB and performs like AGM
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Stratosphere Summary DAILAMIC

Improve FLB PSoC 17.5% & 50% similar to VRLA

Gj Flooded Lead Batteries:  Significant stratification reduction
; « Improve BMS Communications
e Low Cost
New AGM Alternative Low Cost VRLA Alternative

* Equal VRLA Performance in both 2v & 12v LAB’s
to a Non-Glass Fiber separator - Use existing installed FLB capital

« High speed battery assembly and formation

Enabling VRLA Performance with FLB Manufacturing Simplicity & Cost.
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DAILAMIC

Back up
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ALBA 2023 Wolfsburg Germany - Float Current & PSoC DAILAMIC

510

..+38%

Endurance cycling with 17.5% DoD Cycle [Unit 1 - 14] DAILAMIC
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* 3 batteries each variant from unit 7 K
+  Exp.Z({PE+AGM neg wrap) batteries stopped @ unit § due to excessive gassing
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A Circult breaker trip Incidences

Exp.1 (PE+AGM sandwich) shows significantly better end discharge voltage
than Control AGM and Exp.2 (PE+AGM neg wrap) Y 100 20 20 0 50 &0
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Daramic PE Separator Can be Utilized in a Recombinant System
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Stratosphere Performance Mechanism in FLB & VRLA DAIRAMIC

- Ge" ed ACI d @ Free FI 0W|ng ACI d Advances in gelled-el;::;?:lgétiz t;::lt:?ile(;gy for valve-regulated
D.W.H. Lambert™", PH.J. Greenwood™', M.C. Reed"”
*Top macro view of cell
“VYRLA” Acid filling and swelling
FLB Acid filling and swelling i Absorbent Gelation Membrane evolution “AGMe”

Compressible, >5kpa, high porosity PE separator allows channels fast filling
And during formation Stratosphere substrate swells closing the gaps.

Stratosphere Substrate Retains H,SO, in Place in Both Flooded and VRLA Applications
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Benchmarking VRLA Filling Speed AGM vs. AGMe DAILAMIC

AGMe with Stratosphere >

i =)

0 sec 60 sec 140 sec

AGM 1 minute AGM 2 minutes AGM 20 minutes
under vacuum under vacuum under vacuum

Stratosphere AGMe Filling and Formation Times Align Closer to Flooded Batteries
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Voltage

Superior VRLA AGME performance validation DAILAMMIC

BL# 433 Superior VRLA AGMe Round 1
VW 17.5PSoC Continuous Battery Wet C-20 Insertion
End of Discharge Voltage Welght(lbs) capac1ty(Ah) pressure(N)

10 May be 20 Kpa(?)
oo ® Single Side 38 40 17 N(1 Kpa)

( Acid dumped)

Single Side 41 60 17N(1 Kpa)
1150 ( Acid retained)

Double Side 38 40 100N (6 Kpa)
1100 ( Acid dumped)

Double Side 44 61 100N(6 Kpa)

( Acid retained)

10.50

10.00
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Cycle #
—8— AGM 60Ah —&— Double side coated FLB 65Ah —— Double side coated AGMe 40Ah —— Single Side coated AGMe 40Ah —8— Single Side coated FLB 65Ah

AGMe batteries with Acid rich conditions with valves have failed earlier than expected. This may be due to

one of the following reasons ( need to be validated)

1. Faulty batteries in the lot

2. Valves added might have increased the pressure due to gassing and might have dry spots. This might
have led to failure.

AGMe has slightly lower end of discharge voltage with limited acid conditions compared to AGM
similar to 2V cell test results trend
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