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Lithium metal batteries have the highest energy 
density of any battery technology and are, therefore, being 
considered for electric vehicles.1 The Department of 
Energy has established that battery energy density needs 
to double to enable large-scale commercialization of 
electric vehicles.2 Replacing the typical graphite based 
anode with lithium metal will increase its energy density 
by an order of magnitude. 1,3 However, this technology 
has a failure mode that prevents its widespread use. 
Namely, lithium metal changes its shape under cycling, 
resulting in the growth of lithium metal dendrites through 
the electrolyte that eventually short-circuit the cell.  

Imaging lithium dendrite growth is difficult 
because lithium is highly reactive and ductile. 4 As such, 
the microstructure of the lithium is easily altered upon 
handling. Nonetheless, several techniques including 
nuclear magnetic resonance (NMR)5, magnetic resonance 
imaging (MRI)6, and scanning electron microscopy 
(SEM) have been used to study lithium dendrite growth. 
However, these techniques are indirect and give an 
incomplete view of dendrite growth. 7,8 

Hard X-ray microtomography has the unique 
capability to non-destructively monitor the formation and 
growth of lithium dendrites.9 The technique yields 
information about the surface of the lithium dendrite in 
addition to showing the morphology of the full, three-
dimensional structure and how it interfaces with the 
electrode. Because of this, we have learned that the 
dendritic structure extends deeply into the lithium 
electrode. An image of a dendrite is shown in Figure 1. 
Furthermore, in situ imaging of dendrite growth gives an 
uncharted view into the initiation and growth of these 
lithium microstructures in cycling cells. Finally, the 
relationship between cycling parameters and the 
morphology of the dendrite can be directly monitored. 
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Figure 1. X-ray microtomography was used to make a three-dimensional reconstruction of a shorted, lithium – polymer 
electrolyte – lithium cell. The image on the right shows a cross-sectional slice through a dendrite that penetrated through the 
polymer electrolyte. The electrolyte was polystyrene block polyethylene oxide mixed with LiTFSI salt. The symmetric cell 
was cycled at a temperature of 90°C and a current of  0.17 mA/cm2 until it shorted.  
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