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« State-of-the-art LIB electrolytes:

INTRODUCTION

« Conducting salt degradation:
» Linear carbonate (Dimethyl carbonate (DMC), Diethyl carbonate (DEC) or Ethyl methyl

« LiPF4 is unstable towards moisture reacting to hydrofluoric acid (HF) and POF3

carbonate (EMC)) and cyclic carbonate solvents (Ethylene carbonate (EC))* + POF,is highly reactive and is converted by further reactions with water and electrolyte

« Avariety of Additives like vinylene carbonate (VC) or fluoroethylene carbonate (FEC) « Organofluorophosphates (OFPs) pose substantial health hazards (structural similarities

to pesticides and nerve agents)®

* Film-forming additives: « Two groups of OFPs:

 To ensure the formation of the solid electrolyte interphase (SEI) without rapid i) acidic (usually non-toxic) ii) non acidic (mostly toxic)
electrolyte degradation o
O
« FEC and VC show higher reactivity towards reduction (and oxidation) compared to EC? LI Ll
~ R = organic side chain
-—=p FEC and VC are degraded while the base electrolyte composition (e.g. EC/EMC) | H0/||: OR RO™ II:\OR J
Is mostly unaffected
Cell chemistry and aging conditions:
» Analysis of the electrochemically aged FEC-containing electrolyte
Kl | -acidi Et-FP
. Cathode: NCM622 i | (4.&_3 V) revealed the presence of a total of 15 non-acidic OFPs
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» Identification and structure elucidation was carried out with a LC-IT-TOF-system
« HILIC was used for the separation of acidic OFPs 15 - . Small amounts of OFPs were observable in

« Column: Hypersil GOLD SAX Et-FP electrolytes without FEC.

 RP-chromatography was carried out for the separation of non-acidic OFPs a n ﬂ _ _ _
2 « Higher concentrations of FEC lead to higher
* Column: Poroshell 120 SB-C18 5 signal intensities of the observed OFPs
Gradients employed: % { A\ A\ 10wt.% FEC =% FEC plays a substantial role in the
100 - HILIC = j formation of OFPs
—~ = owt.% FEC
S B [ ( . ﬂ
0 O-r/ | — — — - 2wt.% FEC
= 6 7 8 9 10 11 Hydrolysis
o Retention Time / min +Hy0 0
- LiPFg ~— P
< -LiF F' I F
0 RP -2 HF
' ' ' ' ' ' ' ' ' ' ' ' ' ' Initiation
0 5 10 15 20 25 30 35 | | +LIOEt
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« The formation of toxic non-acidic OFPs was observed during high voltage formation  Two possible influences of FEC during formation of OFPs o el Y/
in NCM622/SG-3 coin cells v LEMC y FEC-radical
a) origin of carbonyl carbon o (F-abstracted)
«  While OFPs were observable in electrochemically aged LP57 the amount is « Lithium ethyl monocarbonate (LEMC) as the reactive O P O OH
negligible compared to that of OFPs in LP57 + FEC species /\O/I?\O/\/O\H/OLi -0 Il:\o/\/ g
« FEC as the origin of the carbonyl carbon in the F o O
« Greater concentrations of FEC played a substantial role in the amount of OFPs elongation mechanism
formed
b) FEC as the reactive species
- The presence of OFPs illustrates the need for particular caution when working with  Due to the presence of fluorine or its abstraction FEC — -Li,O +Li ; -LiOH
. . . Termination I0EL +LiOEt
high voltages in NCM622/SG-3 LIBs radicals at the ethyl-backbone of the carbonate are
stabilized
« An investigation of the impact of the cathode material is of need due to the high
reactivity of NCM622 at high voltages. 4. with LIOEt o
I
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