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Challenges and Goals
A Understanding the chargdischarge processes and the modes of
capacity fading
A Increasing cycle life, sulfur utilization, battery power and reducing
polysulfides (PSs) shuttle
A Safety, mainly avoiding lithium dendrite formation during high rate
charging

Lithium sidereactions

A A competitionbetween the electrolyte reduction reactions and the P
reductionreactions,which one is worse ?

A At high state of charge (SOC) and at low state of discharge (SOD) |
reduces the PSs

A At low SOC and high SOD lithium reacts with the electrolyte

A Both processes are leading to the formation afeondary porous SE|
to the precipitation of solids inside the separatord the cathode void
andto a sluggish transport of lithium ions In the electrol{d® increase

of the Iabyrlnthfactor)
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Effects of PSs shuttle

A Reducing the Coulombic efficiency

A Passivatinghe lithium anode with insoluble products {&iand L,5,)

A Degrading the lithium anode due to the formationwfstable solid
electrolyte interphase (SEl)

Means suggested to minimize the PS shuttle problem
A A carbon barrier layebetween the cathode and theseparator (our
focus)
A Sulfuccarbon and sulfugpolymernanocomposites
A Sulfur and LB nano cages
A Porouscurentcollectors
A Surfacecoated separators

A Addition of nitrate and other SEI precursors
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The battery was assembled at the discharge state
Why?

. Minimize the effect of cathode volume expansion on
discharge {8%)

. Best when using silicon anode, avoiding-fit@ation of
the anode

. Similar to the manufacturing of all lithium ilon batteries
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Effect of aBarrierLayer placed on the cathody, PVDF Binder
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A The barriersncrease CE,.Q andmostly Q andthe fading rate
A More Li,S and LS, are formed
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Effect of Cycling and Barrier Layer, PVDF binder
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Effect ofBarrier layer (BL)PANIBInder,
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Unprotected
TORY 100
— GDL&GL
1400 T T ) 08
. > PANI_TORY ] xCrz 98
1200 | ~  PANI_GDL .
A v PANI_XC72 | 28F ——PANLTORY | l
1000 | =  PANI_unprotected - - im:—igéz
‘ - E— PANI:unprotected
S 26 i
<
T _
2 - 24| (:?p1 /)“/ ]
: g N _——— _
© S —
= \
- S 2;2F!EE!!EEii..:;-.-....~‘ |
20 N _

0 ]
0 100 200 300 400 500 600 700 800 900 1000

Cycle 181 i
0 200 400 600 800 1000
A The barriersincrease CED  and mostlyQ, and thefading rate” ™"
A More Li,S and LS, are formed
This progect receives funding from the European Union's Horizon 2020 research and inndvation programme under Grant Agreement Mo 866221, QO@ HEB|) -

UNIVERSITY :l']H



Effect of Barrier Layer, PANI Binder
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Effect of Reducing the Current After 400 Cycles

(from 100 to 20 micro -Amps)
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EIS Studies, Nyguisinpedancecg
Which Equivalent Circuit to Chose?

(Measurements were taken at the end of discharge)A R =R,
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Effect ofBindersWithou

t a Barrier Layer
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Effect of CyclingVithout a Barrlerlayer PVDF Binder
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Effect ofBarrier, on: R, RsgL*sgy  and R, PVDF binder
EIS of Li, S(PVDF)-based cathode without barrier
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Conclusions

+The major factors responsible for capacity fading are: Therease ofR-,
blocking of the cathode surface, formation of inactive sulfur species and tf
decrease of lithium diffusion coefficient (({Increase of the labyrinth factor
+ The Increase oR-; results from blocking of the carbon surface by inactive
LLS and LIS,

+ Toour surpriseR;gand the apparentSEI thicknesdo not grow on cycling.
+ Q. and mostlyQ, , Coulombicefficiency, OCV stabllity (low self discharge),
anode roughnesgsafety issue?and durability are higherfor cells with aPS
barrier layer

+ R-1, Lse@nd Ry are much lower and the diffusion coefficierfD)is higher
for cellswith a barrier layer

+ PANI,BL freecells,have thelargest Dand overvoltage values
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Experimental

A Li,S and carbon materials were ball millehpurs), mixed
with a binder dissolved in-Whethyk2-pyrrolidone (NMP) to
obtain cathodes composition: (8:carbon:binder}5:45:10

A The cathode was casted on a Al/C foil.

A Electrolytes were dissolved (mostly)dimethoxyethane
(DME)anddioxolane(DOL)mixture(1:1v:v).

A Celgard2400(X2) separator and lithium anode.

A 2032coin-cell (Lcn? electrode area).

A Typical cathode loading wadmg LiS/cn?

A Several types of carbon matrices were tested as PS barrier
layer. We placed the BL on the cathode (or on the separator)
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ChargeDischarge of L5 Rechargeable Battery
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