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Quantification of Heterogeneous Degradation in Li-ion Batteries 

The rapidly growing market for con-
sumer electronics and electric vehicles 
has motivated tremendous research 
efforts in rechargeable batteries. An 
important aspect of the battery 
research is to identify the fading path-
ways of battery particles and elec-
trodes upon prolonged operation. 
These complicated processes, inter-
twined at multiple length and time 
scales, are termed as the chemome-
chanical interplay. The multiscale 
chemomechanical interplay builds up 
mechanical stress, provokes morpho-
logical breakdown, and leads to states 
of charge heterogeneity in lithium ion 
batteries. 

Quantifying the interplay in complex 
composite electrodes with multiscale 
resolution constitutes a frontier chal-
lenge in precisely diagnosing the 
fading mechanism of batteries. A joint 
research team led by Dr. Yijin Liu (SSRL), Dr. Kejie Zhao (Purdue), Dr. Feng Lin (Virginia 
Tech) and Dr. Yang Yang (ESRF) has tackled this challenge by combing the techniques of 
transmission x-ray microscopy, nanoscale hard x-ray spectro-microscopy, hard x-ray phase 
contrast nano-tomography, soft x-ray absorption spectroscopy (XAS), and transmission elec-
tron microscopy (TEM) to systematically investigate the morphological and chemical degra-
dation in polycrystalline nickel-rich layered NMC composite electrode under fast charging 
conditions.  

They successfully visualized and quantified the degree of local damage in the composite elec-
trode that is hierarchically complex. In particular, hard x-ray phase contrast tomography, 
capable of nano-probing thousands of active particles at once, enables an unprecedented 
statistical analysis of the chemomechanical transformation of secondary battery particles 
under fast charging conditions. This quantitative visualization allowed them to extract the 
depth-dependent trend of particle fracturing within the electrode as well as its lateral com-
plexity. The results suggest that the active particles within the electrode contribute to the cell 
level chemistry differently in time and position. They concluded, based on the degradation 
depth profile, that initially more damage takes place near the separator, evolving to a more 
homogeneous distribution as particles located deeper in the electrode take over the electro-
chemical activities in later cycles. Finally, finite element modeling (FEM) with shape models 
recovered from the nano-tomography data was also adopted to gain insights into the electrode 
level strain distribution and evolution. They point out that the damage heterogeneity has been 
demonstrated to prevail at all length scales, which causes unbalanced local electrical and ionic 
conductivity, and collectively leads to the non-uniform utilization of active particles spatially 
and temporally. 

 

The workflow of the quantification of heterogeneous 
degradation in Li-ion batteries 



These findings features the statistical mapping of the chemomechanical transformation in the 
composite electrode, which offers a diagnostic method for probing and understanding the 
non-uniform particles’ utilization and fading. Thus they anticipate that the developed meth-
odology and understanding will pave the way towards improved electrode formulation for fast-
charging batteries. They published their results in two back-to-back papers in Advanced 
Energy Materials and Journal of the Mechanics and Physics of Solids. 
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