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THE GEN6 PROMISES A LEAP IN TECHNOLOGY FOR OUR WHOLE PORTFOLIO AND

THE BMW iX3 50 xDRIVE BENEFITS FIRST IN LINE:

+20% energy density on cell-level & 800 Volt technology Peak charglng rate: 400 kW L

‘1 ’ . Upto 372 km (wLTP) in 10 minutes ”‘

Bidirectional charging - to Ioad to home, to grid

~w ]

8/ ] .‘

-

w.--9 High voltage battery: 108,7 kWh energy capacity [UBE EU]

Up to 805 km range (WLTP)

N Significant CO,e reduction

Lo




DRY COATING: FUTURE TECHNOLOGY.

BMW ,Neue Klasse" - Battery Cells BMW Dry Coating Project Reduce battery
production cost, energy
& space demand

No toxic solvents &
reduced CO,-
emissions

wet coated electrodes dry coated electrodes Increase battery

performance
PRODUCT INNOVATIONS )

PROCESS INNOVATIONS

Dry Coating Forum Dresden | BMW Group | November 2025 -3-



CHALLENGES OF DRY COATING.

PROCESSING MATERIAL COMPATIBILITY
. . 000000
= Scaling and line speeds « Materidl t
00 J aterial-property-process o
relationships o
= Yields and production waste L’\’ = Conductive additives
S LA
= Dust + technical cleanliness ‘9@ * PTFE reduction at low A
potentials =

N . o
- Wear of equipment /’\ PFAS restrictions 212
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Dry battery electrode production enabled by
a scalable, continuous powder mixing

Korbinian Huber ®® 2, &, stefan Stojcevic ¥, Yi-Chen Hsieh ©, Ezgi Basak Miftigil %,

Junpei Terada 9, Charlotte Schriever ?, Arno Kwade ? @
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Highlights

* Binder fibrillation in extruder enables dry battery electrode
production.

+ Examining the structural response of PTFE-binder to stress during
extrusion

+ Controlling powder properties by tuning relevant process
parameters

* Dry coated cathodes exhibit lower tortuosities than wet coated
electrodes.

* Dry coated electrodes perform well in electrochemical cell tests.
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Effect of carbon black properties on dry
electrode processing of cathodes for
lithium-ion batteries

serkan Z. Damnali®®< 2 & , Kimia Mazloumi @, Berkant Tekin ®, Thomas Woehrle ©,

Alice Hoffmann b, Markus Hoelzle ®

Show more

+ Addto Mendeley o Share 99 Cite
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Under a Creative Commons license ® Open occess

Highlights
- Solvent-free production of cathodes via calendering.

= Characterization and correlation of carbon black properties with
calendering process.

= Carbon black properties affected the compressibility of the
composite granules.

- Carbon blacks act as process aids during calendering in dry coating
process.

= Tailored material properties are required for dry coating process.

Next Materials

Volume 3, October 2025, 101181

Research article

Dry processed anodes with a fluorine-free
binder for lithium-ion batteries

Vincent Gottsmann ® &, Florian Schmidt ® 2, & | Thomas Wahrle %, Stefan Stajcevic ©,

Astrid Trenkler @, Vanessa Fréhler 2, Simon Lux ® ¢

Show more »

-+ AddtoMendeley of Share 99 Cite

https:{idoi.orgf10.1016/j nxmate.2025.101181 2 Get rights and content A

Under a Creative Commons licenze 2 ® Dpen access

Highlights
* Solvent free anode manufacturing via direct calendering.
* PFAS free anode manufacturing using several PE binders.

* ldentification of critical PE material properties for solvent free
manufacturing of anodes.

* Comparison to solvent free manufactured PTFE anodes and wet
coated CMC[SER reference.

+ Full cell manufacturing in pouch size demonstrating comparable cell
performance for cells using PE binder.
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Highlights

Binder fibrillation in extruder enables dry battery electrode
production.

Examining the structural response of PTFE-binder to stress during
extrusion

Controlling powder properties by tuning relevant process
parameters

Dry coated cathodes exhibit lower tortuosities than wet coated
electrodes.

Dry coated electrodes perform well in electrochemical cell tests.

S SESERRS L TSR

5 3 JAs\ .
! : ’ ! 4%
g Screw A: Low stress intensity i\ Screw B: High stress intensity ;? Screw C: Mean stress intensity
i —= No PTFE fibrillation Ei — Particles & fibrils overstressed | — Decent PTFE fibrillation

Screw A-C: T=130"°C, 4 kg/h, 420 rpm

Beginning of kneading zone: End of kneading zone: Desagglomeration zone:
Thick PTFE fibrils & Thin PTFE fibrils & No changes in PTFE
inssuficient distribution adequate distribution fibrillation & distribution

Impact of screw configuration and screw elements during continuous mixing in an extruder

Huber et al., Journal of Energy Storage, 2025, 124,116850
DOI: https://doi.org/10.1016/j.est.2025.116850
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composite granules.
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* Solvent free anode manufacturing via direct calendering.
* PFAS free anode manufacturing using several PE binders.

* ldentification of critical PE material properties for solvent free
manufacturing of anodes.

* Comparison to solvent free manufactured PTFE anodes and wet
coated CMC[SER reference.

+ Full cell manufacturing in pouch size demonstrating comparable cell
performance for cells using PE binder.
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Highlights

= Solvent-free production of cathodes via calendering.

= Characterization and correlation of carbon black properties with
calendering process.

= (Carbon black properties affected the compressibility of the

composite granules.
B 2 e & .4‘ e i
= Carbon blacks act as process aids during calendering in dry coating S 82 »"’{",.’ e L R LAY a“ 12 Sty ® P ? \ g 8 Vel
Process. SEM images of electrode surfaces, red circes highlight particle cracking of active material
= Tailored material properties are required for dry coating process. Damnali et Ol., Journal of Power SOUI’CES, 2025, 64 6, 237243

DOI: https://doi.org/10.1016/j.jpowsour.2025.237243
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* Dry coated cathodes exhibit lower tortuosities than wet coated
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Highlights
* Solvent free anode manufacturing via direct calendering.
* PFAS free anode manufacturing using several PE binders.

* ldentification of critical PE material properties for solvent free
manufacturing of anodes.

* Comparison to solvent free manufactured PTFE anodes and wet
coated CMC[SER reference.

+ Full cell manufacturing in pouch size demonstrating comparable cell
performance for cells using PE binder.



Next Materials
Volume 5, October 2025, 101131
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Research article

Dry processed anodes with a fluorine-free
binder for lithium-ion batteries

Film formation
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* Solvent free anode manufacturing via direct calendering. & o b, W ST i e P
» PEASfr d facturi ing several PE binders. . . _— : oo . .
©¢ anote mantiacturing using sever Hneers Film formation (a-d), electrode lamination (e-h), morphological characterization via SEM of anodes with

different PE binder grades

* |dentification of critical PE material properties for solvent free
manufacturing of anodes.

* (Comparison to solvent free manufactured PTFE anodes and wet
coated CMC/SER reference.

+ Full cell manufacturing in pouch size demonstrating comparable cell

Gottsmann et al., Next Materials, 2025, 9, 101181
DOI: https://doi.org/10.1016/j.nxmate.2025.101181

performance for cells using PE binder.
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Cathode dry: 97.5 wt% NMC811, 1.5 wt% carbon black, 1 wt% PTFE
Anode (wet): 95.8 wt% AG, 1.6 wt% CMC, 1.6 wt% SBR, 1 wt% carbon
black

Design: Porosity 25 + 1 % (dry), 30 + 1 % (wet), n/p 1.1 £ 0.005
Separator:  Polyolefin (PP-PE-PP) separator
™ Electrolyte: 270 pL 1 M LiPFg, 0.2 M LiFSI in EC/DMC/EMC 1:1:1

Premix of active material and
carbon black

Calendered electrode Deagglomeration and coating of
carbon black on active material
surface by extended mixing time
during premix

2 minutes premix

Homogenous distribution of carbon
black leads to stronger and more
uniform fibrillation of PTFE

Similar cell performance in cycling
ageing test

Capacity retention / %

—B— 2 minutes premix
60 minutes premix

84 T T T T T T T T T T T T T
0 100 200 300 400 500 600
Cycle / -

Dry Coating Forum Dresden | BMW Group | November 2025 S. Damnali et al., Manuscript under review, 2025. -11 -



INTEGRATING ADAPTED CONDUCTIVE ADDITIVES.

Tensile strength of free-standing films

0.7 0.8
O.?l
o« O8] t P o7 061 = |ncreased tensile strength for free-
£ 054 047 Reductionof £ : standing films produced from mixture
S04 binder content 5 05 which was premixed for 60 minutes
= ] ©0.4 ' .
031 £0a —> Reduction of binder content to 0.6 wt%
502 02 = No film formation possible from
= 0.1 = o1 mixtures premixed for 2 minutes with
0.0- . 0.0 . 0.6 wt%
60 1 0.8 1 0.8
Mixing time / min Binder content / wt% 9 Carbon bIOCk Surface Serves as

attachment sites for PTFE fibrillation

Dry Coating Forum Dresden | BMW Group | November 2025 S. Damnali et al., Manuscript under review, 2025. -12-



DRY COATING AT BMW GROUP - CURRENT STATUS.
R&D + LAB PROTOTYPE DRY ELECTRODE CELL MANUFACTURING

wr o 250
N ‘ " ‘ :
- I"»‘ ey !
09 s S
] ,

70 008

v’ Material compatibility for DBE v' Separate Anode & Cathode lines - -
% , . v" Integration into existing
v" Process-structure-property Roll-to-Roll continuous coating: downstream processes
relationships up to 320 mm width & 50 m/min line speed

PRODUCT INNOVATIONS >
PROCESS INNOVATIONS >

MARKET IMPLEMENTATION

Dry Coating Forum Dresden | BMW Group | November 2025 -13-






UPSCALING - EQUIPMENT CHALLENGES.

Example: Edge cutting

= Material handling & dosing D Squeeze cut on roller
| surface
)
= Electrode cutting & technical cleanliness | Stlrlong wear on knife &
rolier
T Knife cleani
= In-Line product analysis & quality control = nire cleaning

necessary

: . Scrap suction necessary
= Equipment wear monitoring

- Clean cut not that easy

—> Further optimization of auxilliary equipment parts necessary



STATUS OF 4695 HALF-DRY CELLS.
First 108Wh Half-dry (dry anode) 4695 cells for downstream & performance analysis

105 I i I i I i I i I i I
100 h —=—Half Dry| |
=,
=
'©
Q
I
= .
@ 80_—
G I
. ) 75.
Anode (dry): ‘
. nOGrgp[hi:ey ) PTFE/ C65 70 Fo
97,7 1 13 / 1 \ 65-..-.--'-'-"
| Cathode (wet): 0 100 200 300 400 500 600

- NMC91/PVDF/(CB

Cycle

Well integrateable into downstream processes. Cells show good lifetime performance.

Dry Coating Forum Dresden | BMW Group | November 2025 -16 -



STATUS OF 4695 FULLY DRY CELLS.
First 112Wh fully Dry 4695 cells vs. 114Wh Wet reference

4,0 m 4,0 4,4

H - B} 301 401
-g- 3,0- %. 2,51 % 3,81
H - -n—:'25 § 2’0_ §3,6-
-“ | ” O S 151 S 34
A\ ()] 2041 = 101 3,24
| 1,59 —v— Fully Dry 0.51 —— Fully Dry 28] Fully Dry
: 10 —H— Wet Ref. 0,0- —— Wet Ref. 2’6 —— Wet Ref.
ﬁ - " 0 5 10 15 20 25 30 o 2 4 6 8 10 " 0 20000 40000 60000 80000
‘ E Time [s] Charge Capacity [Ah] Total Time (Seconds)
‘ _ = Different mechanical behavior of electrodes in winding & cell manufacturing
E '- = Lower resistivity but increased side reactions for fully dry electrode

No unexpected showstoppers discovered = Detailed analysis of fully dry cells ongoing.

Dry Coating Forum Dresden | BMW Group | November 2025 -17 -



SUMMARY. — B Outlook 2026

= Building up a strong competence
in dry coating

= Analysis of materials

= Development of electrode
compositions

= Process development for upscaling

. » R2RLFP dry
coating

= Support suppliers to commercialize [~ i - " % Cvlindrical cells
the technolo & € | | ylindri
9y = £ / with PE based

anode

= Collaboration with industry partners
across the process chain

) 4
Dry Coating Forum Dresden | BMW Group | November 2025 -18 -
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