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Abstract:

Layered Ni-rich lithiated metal oxides such as LiNi0.8Mn0.1C00.102 (NMC811) are attractive candidates as
next-generation Li-battery (LiB) positive electrode materials due to their high capacities and reasonable price.
Unfortunately, the cycle life of these materials is relatively short due to structural instability. However, the loss
in performance over time can be delayed by either bulk or surface Zr-doping. The goal of this experiment is to
perform operando HE-XRD on different Zr-doped/coated and undoped electrodes in fresh and aged assembled
cells to understand the exact role and behaviour of the dopant in the host NMC structure during cycling.

Setup and Sample Preparation:
In this experiment we performed vertical and horizontal linescans collecting 2D XRD patterns of 3 Swagelok

cells, composed of 3 different cathodes: Undoped, Zr-doped and Zr-coated NMC811 in electrolyte solution of
LiFPe in EC:DMC 1:1 and Metal Lithium as a counter anode.
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Figure 1: Sketch of the Swagelok cell used for the Beamtime on the left. 5um beam measurement for different spots on the
NMC cathode in the center. Picture of the real setup inside the experimental hutch can be seen on the right.




Results:
The initial idea of the proposal was to cycle the cells up to 4.4V first and then rise the voltage to 4.5V to speed
up the degradation process of the cathode material while monitoring its evolution. Processing the data during
the beamtime, we noticed that, at 4.4V, the Undoped NMC sample owned an unreacted phase, as shown in
Figure 2. Since we did not know the nature of its sudden appearence, we decided to increase the upper voltage
limit of the subsequent cycle not anymore to 4.5V as declared in the proposal, but to 4.6V. In this way we
stressed and pushed the delithation process at the expenses of possible permanent collapse of the structure. At
4.4V 4.6V 4.8V 4.6V (while keeping the voltage costant) we
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Figure 2: Evolution over cycling at different voltages of the 003
reflection. Displayed the center of the electrode height.

Problems Encountered:

The change of plans that brough us to cycle the
cells 3 times and not 2, prolonged the overall
time for measuring each sample which ended
up only on the fresh and not being able to study the aged one. It happens pretty often in electrochemical in-
operando studies that the cells fail, which led us to open, wash, bake and reassembling them few times (requires
from 6 to 8hrs). Sine the priority was given to the fresh samples to have a consistent rack of data, aged electrodes
were left behind. This, unfortunately, kept out still few unanswered questions.
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Next-Plans-To Be Done:

1) Reduce the number of filters for Zr-Coated NMC aged electrode to see whether Li»ZrOgz is visible and reactive.
2) When samples are cycled at least 100 times, inevitably, fatigued phases will appear. The idea is to look again
at Undoped NMC/Zr-Doped NMC aged samples and check whether the doped one is still able to fully delithiate
(100%) and in case of unreacted phase, quantify it and estimate when the fatigued phase might appear.



