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Lithium-Sulfur batteries S uture
& 400+ QS Li-S
= Cost-efficient and abundant active material E ‘o
= High Gravimetric energy density E 200 d acid
= Insufficient volumetric energy density g 0 Lead acl
= Volumetric energy density is a key parameter for applications with restricted space 0 200 400 600 800 1000
Li-S: Low density of active material Gravimetric energy density [Wh kg™]

Li-S: High cathode porosity & low cathode density

Volumetric Energy Requirements Low to Moderate

Maritime )
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Solvent-free S/C cathode coating
DRYtraec® process

Process advantages

= Green, solvent-free electrode coating
= Low binder content (3 wt-% and less)
= No dryers needed — reduced initial invest and footprint
= Cost-efficient / scalable production
= Wide variety of active materials

Sulfur-Carbon DRYtraec cathodes

Use of elemental Sulfur as active material
Industrially available carbons as host material
= Ketjenblack EC600JD
= Nanocyl CNT

= PTFE Binder
= (Cathode composition: S/C/MWCNT/PTFE: 60/30/7/3 ¢ -
WO2018210773A1 20205220008 ABTC =
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Increase of cathode density
Calendaring and Porosity

Volumetric energy of Li-S limited by high cathode . Densified
porosity oy iy

> Increase of cathode density by calendaring

= Increase of cathode density (0.5 — 1.0 g cm™3)
= Decrease in Hg intrusion volume (0.55 — 0.31 cm3 g'")
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= Reduction of pores below 10 pm
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= Contradicting impact of cathode density reported
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= Evaluation in ether-based electrolytes
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...Cumulative pore volume [cm® g}

¥%Log Differential Intrusion volume [cm® g™

Cathode: 60 wt%(S); 2.8 mg(S) cm2

Pore size [um]

F. Schmidt et al. , Energy Tech 2022, 10, 2100721
A. Grobmeyer et al, Energy Tech 2019, 7, 1800789. |
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Li-S Mechanism
Ether based electrolytes

DME/DOL HME/DOL
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111
Dissolution-precipitation mechanism Quasi-solid state conversion mechanism
High PS solubility: ¢,., = 5.5 mol L’ Low PS solubility: ¢, = 0.36 molg L
. C. Barch t al, Analytical chemistry 2012, 84, 3973-3980 ?
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DME/DOL

1600 105 3.0
. . — ifi th th
Ivanostatic cyclin = 1400] S oo (P S, g ondensiied — 10— 10
Ga. a || . y g % 1‘2‘.22 SEQBQDDgQgQQQBQQQQQQQQQQQQQQEEDDEDDEBEQQEDQQDEHED 25 y 2.8 Densified — 1th__ q1pth
Coln cell testing = P, o] 26
— < 1000-':..:. um llll===l:.llll=.:=:'.‘:90 'O\€| j 2.4
E 800 - L1 .Illlllllllllllllll... i I >'2 ,
DME/DOL 2 600y © o
[T 'E 2.0
@ 400+ o
S 200] * Non-densified o518
= Initial capacity of compacted cathode lower | ©  ,1_° Densified , o 1o
nd . 0 10 20 30 40 50 0 200 400 600 800 1000 1200 1400
= D p.Iateau. IS rgduced Cycle Capacity [mAh g2]
= No discernible impact on later cycles
3.0
HME/DOL HME/DOL| 1600 105 = Tondensiied  — 17— 107
— {008, Do 1B O D 2.8 pensified 1 10"
| _ v SHEEET ] =26
= Higher overpot. of compacted cathode in N =, L
; < 10004 | 190 — ==
the 1.5 c'ycle” | £ g0l % % 2.2
= Only insignificant impact on later cycles 2 600! O @ 20
§ 400 1° g 1.8
> Pre-set cathode density has only a limited S 2009 - ggg;‘?ﬁgji“ed S ij
influence O T 40 0 80 1o "0 200 400 e_sc')o 800 10'00_112'00 1400
Cycle Capacity [mAh g¢]
> Only the 2" plateau in the first cycles
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60 wt%(S); 2.8 mg(S) cm2; E/S: 5 pl mg(S)! =
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Cathode swelling
Dynamic swelling analysis

DME/DOL HME/DOL

» Investigation of
swelling via confocal
microscopy
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Cathode swelling
Dynamic swelling analysis

» Investigation of
swelling via confocal
microscopy

= Application of 10 pyL
electrolyte

= Expansion and dry
cracking observed

= Swelling observed for
both electrolytes

= Density after swelling
lower than initial

DME/DOL
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Cathode swelling
Impact of swelling on energy density

Seite 9

Density is reduced via calendaring

Increase in cathode thickness after
electrolyte uptake

Pre-set cathode density is altered by
swelling

Reduction of achieve energy density

Density has no influence in swellable
systems

30.11.2022 © Fraunhofer IWS
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Effect on uniaxial external pressure
In-situ cathode compaction

» Prevention of swelling by external pressure

= Use of non-densified cathodes

= Uniaxial pneumatic pressure

= Pressure varied between 0 — 0.31 MPa
= Post-mortem analysis after cycling

* In-situ dry-film cathode compaction observed

Pouchcell

5 d-s cathodes, 60 wt%(S); 2.8 mg(S) cm-2; E/S: 4.5 pl mg(S)-!

—
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Effect on uniaxial external pressure

Pouch cell cycling

DME/DOL

DME/DOL

= Decrease of discharge capacity with rising pressure
= Slight reduction of sulphur utilization
= Hindered discharge reaction in the 2" plateau
Slight overpotential in the 2d plateau
Restriction of solid precipitation
Reaction terminated prematurely

HME/DOL

HME/DOL

= No pronounced impact on performance

» Why are the electrolytes affected
differently

5 d-s cathodes, 60 wt%(S); 2.8 mg(S) cm-2; E/S: 4.5 pl mg(S)-!

F. Schmidt et al, J. Phys. Energy 2022, 4, 14004.
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= Pressure: 0 MPa
= Pressure: 0.15 MPa
= Pressure: 0.31 MPa
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Pouch cell compression
Effect of PS solubility

Reduction of pore volume

Reduction of electrolyte volume AEPOX HMEDOL RMEDGL o
DME/DOL Impact of polysulfide-saturation in electrolytes
140 — _ 14 — :
= High PS solubility . .g;:;‘,’;?ed E l=z;tsulrr:ed
= Decrease in conductivity and rise of viscosity @ “
= Fast oversaturation, lower electrolyte volume ~ £ G
= Termination of reaction w 80- Q 8
Q ®
% 60 > ©
HME/DOL " s,
2 2
- S 20 c 2
= Low PS solubility S
. .o . . 04 0 -
= Slight effect on conductivity and viscosity HME/DOL (9:1)  DME/DOL (1:1) HME/DOL (9:1)  DME/DOL (1:1)
= Negligible impact on reaction Electrolyte Electrolyte

=
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Volumetric energy density
Conclusion & Outlook

Calendering

Electrolyte
—_—

> Pre-set cathode density affected by swelling

> New method to observe interaction developed
p=0.5g/cm3 p=1.0g/cm3

> External pressure supresses swelling

» Varying impact of external pressure on energy
density ey

» HME/DOL enables use of high-density cathodes

DME/DOL HME/DOL DME/DOL HME/DOL
> Development of new low density electrolytes

|
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