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I N I I aO D U C I I O N Determination of the surface homogeneity
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In lithium batteries, the solid electrolyte interphase (SEI) at the negative electrode | electrolyte interface must passivate the electrode surface from ongoing electrolyte Samoiing oosit
213 |- ampling positons

decomposition. It must not, however, decelerate interface kinetics to a major extent. In that regard, an effective SEI governs cell performance if it possesses the optimal set of 9layers |

electrical and mechanical properties. [1,2]
With a typical information depth of 5 — 10 nm, X-ray photoelectron spectroscopy (XPS) allows for an investigation of the SEI which is typically as thin as a few nanometers.

Determination of SEI composition and thickness has been the subject of intensive research [3]. Several aging mechanisms, such as loss of lithium inventory (LLI), loss of active
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material (LAM) and increase of internal resistance (LRI), can result in capacity fading — especially at elevated temperature. It is not known, however, whether XPS can be used
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a)

to accurately quantify LLI for cells, which have been aged under harsh conditions, i.e. if the surface composition changes towards Li-rich components and the SEI gradually

b) | Homogeneity within

grows thicker. Due to usually high standard deviation in the SEI composition, an XPS-based methodology for quantitative SEI homogeneity determination was developed [4], |5cm*ofone Mean(SD(1,2); SD(1,3); $D(2,3); SD(1,2); SD(1,3); $D(2,3); SD(1,2); SD(1,3); $D(2,3))

electrode sheet

which is now applied to cells after cycling at 60 °C. The applicability of XPS-based SEI thickness estimations is critically evaluated. )
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different cells Mean(SD(1,1); SD(2,2); SD(3,3); SD(1,1); SD(2,2); SD(3,3); SD(1,1); SD(2,2); SD(3,3))
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Increase of mean discharge resistance

Strong capacity fading due to 60 °C cycling.

Resistance increase cannot easily be
attributed to significant composition changes.

Partly reversible as indicated by increasing
gap between 0.2C and 1C cycles.

calculated from overvoltage vs. OCV.
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Electrode type
Mass loading determined after washing. More

XRD pattern shows GIC in discharged N No measurable SEI thickness increase, but Surface heterogeneity decreases, as organic

homogenization of the organic SEI thickness. SEI thickness becomes more reproducible.

electrodes. Li trapping (~14% of P electrode
capacity) confirmed by lithium metal cells.

than 9% of P capacity lost due to LAM. SEI
growth leads to increased N electrode mass.

Continuous SEI dissolution & re-formation
The missing link on an increasing surface area — LLI
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12 - Trifluorophosphate '
Charge/discharge cycling 28 ] ﬁ |
Cell format Multi-layer pouch cells (18 P layers; 19 N layers; 36 layers separator, Z-folding) N F—T—OH |

Cell chemistry NCM622 (2.3 mAh cm?) || Graphite (2.8 mAh cm) F

Difluorophosphoric acid
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Electrolyte 1 M LIPF; in ethylene carbonate : ethyl methyl carbonate (3:7 wt.), 0.2
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Specific surface area/ m2 gt

Surface concentration of
fluorophosphate-type species / at.%
o
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0.55 0.52

27.6 g (£ 1.6 times the cells® pore volume)

Test procedure 1. Formation (0.05C, 2 cycles), CC charge/discharge - 0- — — — —
After formation After 60 °C cycling ell1 e elll e
2. 60 OC CyC|e IOOp (4 timES): After formation After 60 °C cycling
1x 0.2C CCCV C/20 charge, CC discharge Fluorophosphate-type species can lead to Surface area notably larger. Thus, SEI re-
' ’ _ ’ continuous SEI dissolution and subsequent formation consumes ever-increasing amount
100x 1C CCCV C/2 charge, CC discharge re-formation. [5,6] of Li, even with identical SEI thickness.
XPS
CONCLUSION & OUTLOOK
Source Al Ka @ 10 mA emission current, 12 kV accelerating voltage Using XPS — based analyses in battery science is popular. The surface composition, thickness and homogeneity have been determined,
Settings 40 eV, spot size: (110 x 110) um, charge neutralizer: active but so far mostly for cells after some rather mild aging. Exposing cells to elevated temperature can result in massive capacity loss, which
lon gun Monoatomic Ar can in parts be attributed to LRI and LAM of the positive electrode. At 60 °C, the LLI cannot be quantified using XPS alone, as there is no

SDP setting 15 pA extractor current, 500 eV accelerating voltage, 3 x 360 s measurable increase of the SEI thickness. A homogeneous distribution of the SEI thicknesses is observed resulting in improved surface ‘¢

f)(,

XRD homogeneity, before and after sputter depth profiling. Likely, there is continuous SEI dissolution and re-formation, as indicated by a high

Device Bruker D8 Advance surface concentration of fluorophosphate-type species, known to be detrimental towards the SEI [5,6].

Source Ni-filtered CuKa @ 40 mA emission current, 40 kV accelerating voltage Further, the surface area is notably higher, so that AC KNOWLEDGMENTS

Range 23 to 28 °26, step size: 0.02°26 s, step time: 1 s SEI re-formation leads to ever-increasing LLI. XPS- The authors acknowledge Dr. Uta Rodehorst -

Detector Bruker Lynxeye, divergence slit; 0.6 mm based thickness estimation methods need to be Dr. Olga Fromm and Christian Clephas for R | Bundesministerium F,‘%
_ _ _ | | _ their support and the BMBF for funding the fur Bildung —

Correction Zero point shift corrected by 002 of pure graphite adjusted to be able to also assess the thickness of orojects "HiT-Cell" (03XP0113E) and und Forschung w

the partially dissolved SEI remaining on the surface. "KlemA” (03XP0190D).
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