Modelling Degradation in Lithium-Sulfur Batteries
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Lithium Sulfur (Li-S) batteries currently deliver around 350 Wh/kg —_—
instead of the theoretical 2700 Wh/kg due to various degradation Sais) S5 Sg° 5 85" 5877 585,77 585,° 5827 Li = Li*
processes [1]. Figure 1 shows the series of cascading reactions in the —
cathode that lead to the reduction/oxidation of sulfur species. Due to Charge
the presence of sulfur in different reduced states within the / N
electrolyte, these species can diffuse through the separator and o 2— 2— 2— -
interact with the anode surface. These lead to two phenomena which Li* + electrolyte + Sp™ = SEI Sn° 2 on-x +€
cause degradation: Polysulfide Shuttling and Solid Electrolyte TN
Interphase (SEI) formation. N Figure 1. Li-S battery and anode surface reactions
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« Lithium metal anode reacts with the electrolyte and polysulfide » During charging, higher order sulfur species diffuse to the anode surface
species to form a Solid Electrolyte Interphase (SEI). and get reduced to lower order species, counter to the charging current.
» If the SEI Is not stable, the charge transfer resistance at the anode  This parasitic ‘shuttle current’ prevents complete charging by
Interface keeps iIncreasing, causing a drop In potential. continuously flowing, which leads to rapid heat generation and also
* We extend a previously developed model [2] to include a metal thermal runaway, even after current is removed.
anode, with an SEI at the surface. This modifies the overpotential * Following [3], we use the equation of rate of production of polysulfide
In the Butler-Volmer equation at the interface to the following. species [c,], where Kk, Is the shuttle constant, which estimates the fraction
* N=®; — P — AD gp; — E,, Where &g Is the anode surface of polysulfide species which is part of the total charge current, i.
potential, @, Is the electrolyte potential, E,, Is the equilibrium ;
potential and Ad; s, is the resistance due to the SEI. . [;It’s] = igp — ks[Cps]  [Cps] = [Cpsloe st
 The modified potential curves are shown In Figure 2, where an
Increase In Ad ¢, causes a consistent drop in potential. * The rate of heat generation I1s modelled as § = Bkg[c,] , where B Is a

fitting parameter. The battery pack Is modelled using the standard heat

(a) 2.6 I | | F (b) 2.6F T | I T T = g ] i o
2 [—remea // Vi S [rsmeon /J ¥ // y //_ equation with co_nvectlve_boundary cond_ltlons. |
Gl / 1 R ’ AT I * First the model Is run without current, in order to fit the shuttle constant
g 2 - ] and the convective coefficient to match experimental results.
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Figure 2. Voltage profile at different values of SEI resistance (a), and voltage profile C £ -
over charge and discharge at constant SEI (b). e e — I —
 However, In a real battery the SEI grows over time. Hence, It Is T e T e T e e

more accurate to have the resistance due to the SEI modelled as a

. . Figure 4. Fit of shuttle constant (a) and convection coefficient (b).
function of time A®g gg; = f () 0 (a) (b)

* The addition of a time dependent SEI leads to a gradual decrease In | |« The temperature profile of the battery pack indicates a small temperature
the capacity which is reflected in the voltage profile on cycling gradient exists. = |
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_ _ _ Figure 5. Battery pack temperature profile (a) and effect of forced convective cooling (b).
Figure 3. Voltage profile from model (a) compared to experimental results (b).
_ * Finally we simulate use forced convective coefficients, which shows that
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charging current present (Figure 6). & s
R /B Active cooling has a greater effect :..
This study is pursued as part of the Revolutionary Electric Vehicle Battery Project funded by EPSRC (EP/L505298/1), which aims " T " 310k
to develop a revolutionary Li-S vehicle battery and Battery Energy Management (BEM) system to provide breakthrough SINCE It IS eﬂ:eCtlve frOm the Start Of
Improvements in energy density, cost, range and safety of electric vehicle batteries. The output of the project will offer a battery Ch arge 0 s =
system for automotive applications that can store more energy than today's technology, with a battery energy manager able to ' 2%, ’ : : X p . p ;
harness significantly more of that energy. The project is a collaboration between Oxis Energy Limited, Imperial College London, _ Time (5) _ «10*
Cranfield University and Ricardo plc. Figure 6. Complete model with charging current.
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