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Electrochemical performance and XPS surface analyses of HE-
NCM¦LTO cells in (LP30 vs. IL) electrolytes 
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Al K α monochromatic source (500µm, 150W)

Flood Gun for charge compensation

Al K α and Mg K α non-monochromatic sources

Ar sputtering gun for depth profile analysis

UV lamp for band structure
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Conclusions

Introduction
The instability of (electrode/electrolyte interface) at h igh temperatures (> 50 °C) and potentials (> 4.5 V) of the most common carbonate-base d electrolytes is limiting the
development of the next generation of high specific energy L i-ion batteries.[1] However, these problems can mainly be o vercome by the use of ionic liquids (ILs) as alternative
electrolyte solution. Their physical properties such as th ermal (> 120°C)/electrochemical (> 5.5 V) stability and low vapor pressu re make them a promising electrolytes.[2]
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Negative 
Li4Ti5O12 (LTO)

Spinel structure

Positive
Li(Ni, Co, Mn)O 2 (HE-NCM)

Electrodes

�HE-NCM cycled versus the LTO plateau within the
cutoff limits [2.4 V – 5.1 V vs. Li/Li+ ].

�LP30* and IL-based (1M LiBF4 in BMIMBF4)**
used as electrolytes.

* 1M LiPF 6 with ethylene carbonate and dimethyl carbonate
(EC:DMC 1:1)

** C8H15BF4N2, Cation: 1-Butyl-3-methylimidazolium,  
Anion: Tetrafluoroborate

80% Active material
10% Super P

(Carbon)
10% PVDF

[CF2-CH2]n

~20nm

Post mortem XPS and SEM

Electrochemical performance

�SEI & SPI surface composition and morphology
after cycling.

�The origin and mechanism of the surface layer
formation and its impact on the cell performance.
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� Formation of thick surface layer on LTO however is less
pronounced on HE-NCM.

� Detection of TiFx species on both electrodes related to the Ti
corrosion of the cell.

� Detection of Mn and Co on LTO due to the transition metal
dissolution in the electrolyte.

� After washing agglomeration of the IL on the 
active particles.

� Detection of IL decomposition product on both 
electrodes

� No detection of Ti on positive or Mn on 
negative electrodes 
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Neat droplet
BMIMBF 4
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� Good electrochemical cycling was demonstrated with LP30, however with the IL 36% less specific
charge was obtained with continuous fading up to 30 mAh/g after 130 cycles

� Important impact of the washing was observed on the surface composition mainly on LTO surface

With LP30 With BMIMBF 4
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