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Abstract: With the rapid iteration of new energy vehicles and portable energy storage
devices, high-safety and long-cycle-life batteries have become the core of industrial research
and development, while failure issues induced by internal defects constitute a key bottleneck
restricting the upgrading of their performance. Traditional destructive testing fails to balance
sample integrity and the capture of dynamic processes, and thus cannot meet the demand for
accurate analysis of failure mechanisms, creating an urgent need for support from efficient
non-destructive visualization technologies. This paper focuses on X-ray computed
tomography (X-ray CT), a high-precision non-destructive imaging technology, and elaborates
on its application mechanism in battery failure analysis. Specifically, without damaging the
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battery, it presents the internal structure and defect status via 2D tomographic slices or 3D
models, enabling the analysis of defects such as electrode interface delamination and active
material agglomeration, as well as the accurate measurement of inner micro-scale
dimensions. Meanwhile, it highlights the application of X-ray CT in failure detection for typical
scenarios including lithium batteries (under overcharge, overdischarge, and high/low
temperature operating conditions) and aqueous batteries (dendrite growth and gas evolution
side reactions). By dynamically tracking the initiation and propagation of defects, the
correlation mechanism between defect evolution and performance degradation is established.
Finally, this paper summarizes the core advantages and application value of X-ray CT
technology and prospects its core development directions including multi-modal
characterization coupling, intelligent data analysis, standardization system construction and
industrial application.

Keywords: X-ray computed tomography (X-ray CT) technology; Batteries; Failure analysis;
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Fig. 1 Diagrams of X-ray computed tomography working principle. (a) X-ray computed tomography working
principle. (b) Experimental setup of X-ray computed tomography imaging.
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Fig. 2 X-ray computed tomography inspection of cell
and module components.
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Fig. 4 Over-discharge operating conditions: Multi-scale imaging of copper current collector corrosion-copper
dendrite growth-structural collapse. Analysis of electrode scale formation due to copper damage: (a) Volume
rendering of copper current collector (gray) and copper deposits (purple); (b) Single-ray image of electrode
scale scanning; (c) Particle-scale analysis of copper damage; (d) Cross-sectional view of parallel electrodes; (e)
Lateral section of copper layer containing deposits and three-layer separator; (f) Volume rendering of current
collector. Individual pit detection results: (g) Large pit in particle-scale section area; (h) Volume rendering of
current collector in said region; (i) Volume rendering of anode material within pit showing partial delamination

phenomena.
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Fig. 5 Mechanical damage in lithium-ion batteries.
(a) Electrode cracks . (b) Solid electrolyte damage. (c)
Battery volume change.
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Fig. 6 Using X-ray computed tomography to assess electrode- and particle- level degradation in NMC811
cathodes taken to various upper cut-off voltages: (a) 3D grayscale volume rendered at the electrode level
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Fig. 10 Analysis of Zinc Anode Synergistic Failure by X-ray CT (a) Sn and Au coated stainless-steel current
collectors and (b) Brass and Au coated Ni current collectors. MicroCT analysis at specified cycles: (c) colorized
XZ slices of Zn anode, (d) colorized corner-cut 3D reconstructed volumes of Zn anode, (e) segmented Zn
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binder-pore (EBP) (green) in XZ slices and volume rendering is based on global thresholding. Zn particles in (e)

are indistinctly colorized to showcase separation of individual particles.
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Fig. 11 X-ray CT Analysis of Diaphragm-Interface Failure: (A - H) In-situ scanning images of pressure-type zinc/
titanium pouch battery anodes obtained using XCT technology, comprehensively demonstrating the following
cycling processes: (A and E) initial state, (B and F) charging phase, (C and G) 12-hour aging process, and (D
and H) discharge phase. (A - D) Three-dimensional rendering images from side view angles, (E - H) three-
dimensional rendering images from top view angles. (I - L) Post-charging and 48-hour aging states of non-
pressure-type zinc/titanium pouch battery anodes, (K - L) post-discharge states. (I and K) Three-dimensional
rendering images from side view angles; (J and L) In-situ tomographic cross-sectional images. The batteries
were charged and discharged at a current density of 10 mA cm?, with an anode zinc loading capacity of 4 mAh
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