A High Rate Lithium Sulfur Positive Electrode Using A Quasi
Solid State Mechanism

Boyi Pang'3, Huanxin Li', Liam, Bird%3, Paul R. Shearing?3, James B. Robinson’3

1Advanced Propulsion Lab (APL), University College London, Marshgate, London, E20 2AE
20xford University, Wellington Square, Oxford OX1 2JD, UK
3Faraday institution, Quad One, Becquerel Avenue, Harwell Science and Innovation Campus, Didcot, OX11 ORA

The Lithium-sulfur (Li-S) battery offers high theoretical energy density but faces challenges like poor cycling performance.
Quasi-solid-state (QSS) Li-S batteries, which prevent Li-polysulfide production, present a solution. This study introduces an
improved electrode design for QSS Li-S cells by incorporating the solid-state electrolyte Li,;GeP,S;, (LGPS) into the positive
electrode slurry, where ethyl acetate (EA) is used as solvent, hexyl butyrate (HB) as co-solvent, ketjen black (KB) as carbon and
poly(vinylidene fluoride-co-hexafluoropropylene) (PVDF-HFP) as binder. The addition of LGPS improved lithium-ion transport,
reduced internal resistance, and enhanced reaction kinetics, leading to a high and stable capacity at high current densities.
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Figure 1: a) A typical 2-plateau charge/discharge profile of lithium—sulfur batteries oo [ — g
with two control steps; b) The relative contents of sulfur species in typical 2-plateau B et - 100 g
charge/discharge process of lithium-sulfur batteries; c) Schematic of the g e h‘-a:-v., . N 0 ettt [ o g
electr ical reaction in lithi Ifur batteries with stable sulfur positive electrode; Z wf - L, 1= u
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Figure 5 Scanning electron microscope (a-d) and optical microscopy measurements (e,f) o
of the positive electrode incorporating sulfur, LFPS, ketjen black, and PVDF-HFP binder. Zoow™* _
The images highlight the presence of a) KB powder; b) a side profile of the electrode . ;:
highlighting the strong adhesion to the Al foil and dispersion of sulfur in the electrode; c) £ §
the binder connectivity between the particles in the electrode; d) KB with good §
morphology in the electrode; e) surface topography of the electrode obtained using a0
optical microscopy; f) cross-surface profile of the electrode highlighting the uniform | .
thickness observed following manufacture. -
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Figure 2 Photographs of LGPS with different solvents: a) LGPS; b) LGPS | H N
with dihydr (Cyrene), di ylformamide (DMF), dimethyl ectron enery (x ) 8 2000 .
Sulfoxide (DMSO); ¢) LGPS with NMP after drying; d) LGPS with ethyl @ 2000
acetate (EA) & hexyl butyrate (HB) . e 7
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0 o { Figure 7. Electrochemical performance of KB and KB-LGPS: during a) 2nd charge and
g EN 1 discharge at 0.1C; b) 1st cycle CV; c) long term cycle performance; d) rate performance; e)
fif g oL ] KB+LGPS rate performance; f) specific power and capacity of this work and solid-state Li-
w0 t . 1 S coin cells reported by different groups; g) EIS of fresh coin cells
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» The results confirm that the integration of
LGPS into the sulfur positive electrode
enhances the performance of quasi-solid-
state Li-S batteries, providing new pathways
for Li-ion transport and facilitating Li-ion

Figure 3 EIS and XRD of LGPS with different solvents: a) LGPS; b)
LGPS with NMP; ¢) LGPS with EA&HB; d) XRD of LGPS, LGPS+
EA&HB and LGPS reference peaks

Figure 6 a) EDS raw image of KB positive electrode; b) EDS analysis of KB positive

electrode; ¢) EDS mapping image of C of KB positive electrode; d) EDS mapping diffusion.

image of S of KB positive electrode; ) EDS raw image of KB+LGPS positive clectrode; o i i i

f) EDS analysis of KB+LGPS positive electrode; g) EDS mapping image of C of Oﬁerlng potential for future improvements

KB+LGPS positive electrode; h) EDS mapping image of S of KB+LGPS positive based on the 0pt|m|sat|0n of Li-ion

electrode; i) EDS mapping image of F of KB+LGPS positive clectrode; j) EDS ducti th in th iti lectrod
Figure 4 Photographs of coating of PYDF-HFP with EAQHB: ) Coating before drying; ™APPIng image of Ge of KB+LGPS positive clectrode; k EDS mapping image of P of conducting pathways In the positive electrode.

b) Coating after drying; ¢: Coating after cutting and folding KB+LGPS posltive electrode
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