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Motivation and theoretical background

Silicon (Si) is a promising candidate to increase the energy density of lithium-ion batteries. However, silicon
suffers from fundamental challenge of huge volume changes during cycling which leads to particle breaking lithiation delithiation lithiation many cycles S

and an instable solid electrolyte interphase (SEI). - » 1) ’ LﬁXSﬁ

We present a comparative electrochemical study of several SEI stabilizing electrolyte additives on silicon thin SE[
film and slurry based silicon composite electrodes, the latter additionally in full cells. SEI formulation on both
electrode types is also studied by X-ray photoelectron spectroscopy (XPS).

Methods and processes Additive effects on silicon thin films
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Additive effects on silicon composite electrodes
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Fig. 3: FEC stabilizes at 1000 mAh/g until cycle 50, followed by Fig. 4: Higher additive concentration results in an increased Fig. 5: FEC improves cyclability also in full cells.
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cycle 40 with subseqgent recovery. SA and show a cycle cycle to mend the SEI. Continuous FEC consumption until FEC by FEC decomposition in every cycle. Cycle stability
life worsening effect. depletion, indicated by bumb in graph. Amount of FEC limits in full cells may be limited by Li source and not by
cycle life in half cells. FEC amount.
— Can a higher amount of additive extend cycle stability? — Do half cell results hold true for full cells?

*waves in graph due to temperature variations

XPS Investigations
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binding energy (€V) binding energy (€V) and binder. Peak shift after first cycle for both electrodes binding energy (eV) SEl formed by FEC with high amounts of LiF and

LiF carbonate / O-C=0 polycarbonates. Li-to-F ratio of 1.7 supports ring-opening
mechanism as proposed by Chen et al. [2]. Therefore,
reduction via VC intermediate step [3] less likely.

SEIl formed by SA lacks carbonate species in comparison
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F1s: FEC additive decomposition leads to a high amount of

Sio, LiF in SEI. LiF in "SA electrode” comes only from salt

Further discussion

Conclusions

e Additives with good performance on Si thin films do not necessarily improve cycle life of
composite electrodes (SA, TPFPB, VC)
e FEC is best candidate for composite electrodes in half cells, but suffers from continuous FEC

e Reason for capacity loss within first 20 cycles (Fig. 3/4)?

e \What is the reason for capacity recovery at cycle 40, when using VC (Fig. 3)?

e \When using FEC in composite electrodes, the bumps in Fig. 4 most likely indicate FEC depletion.What is the
reason for the subsequent temporary recovery?

consumption, leading to additive depletion followed by quick capacity fade

e Continuous FEC consumption is even a bigger issue in full cells with a limited Li source
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