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MATLAB software was used to identify grain attributes such as 
grain size and grain boundaries, so image pre-processing was a 
necessary step. Grain boundaries are more obvious to the 
human eye than a computer, so  the grain boundaries had to be 
isolated from the rest of the image. Given an SEM (Scanning 
Electron Microscopy) image, there were several steps taken to 
isolate the grain boundaries. The original image went through 
contrast enhancement and color selection, further enhancing 
grain boundaries. Then, the grain boundaries were traced onto 
another layer, creating an image with only empty space (grains) 
and grain boundaries. Figure 3 shows the as received and fully 
traced image. Multiple images were stitched together in a 5x5 
array. The MATLAB code then used line-intercept technique on 
this image in the 0º and 90º directions. These directions 
correlate to the rolling and transverse direction measurements 
from cold rolling.

Image Processing

After taking a 750 um thick extruded lithium foil and cold rolling it down to 
40 um thick, measurements were made using the 5x5 stitched images of 
each with the MATLAB code. Stitched images are pictured in Figure 4. 

Results

Results and Consistency with Literature
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Alexander Salter
Lithium Grain Attributes in Lithium Metal Anodes

In an increasingly electric-dependent society, 
lithium batteries have emerged as the future 
of energy storage. While using a lithium metal 
anode promises the highest theoretical energy 
density and enables use of lithium-free or 
novel high-energy cathodes, the lithium metal 
anode suffers from poor morphological 
stability and Coulombic efficiency. In cycling, 
the non-uniformities in lithium deposition and 
stripping are found to correlate to grain 
attributes such as grain size and grain 
boundaries [1,2]. Image processing techniques 
were applied to lithium images in order to 
learn more about these attributes, improving 
our understanding of lithium metal 
morphology and taking one more step towards 
a highly effective battery.

Abstract

Significance
From handheld devices, to electric vehicles, 
to storage for utility-scale renewable 
generation, lithium batteries have many 
applications for the progression of a society 
looking for cleaner energy sources. Being able 
to understand the nature of lithium grain 
boundaries, before and after cold rolling, tells 
us more information on the nature of lithium 
metal. 

The same area was measured for both 
the thick and thin lithium, and the 
distribution of grain size and area is 
displayed in Figure 5. The lighter blue 
bars represent the 40 um Li foil and 
the darker blue bars represent the 750 
um Li foil.

As can be seen both in Figure 5 above 
and Table 1 to the right, there are some 
clear differences in the makeup of the 
750 um and 40 um Li foils. 

In Table 1 above, the averages for multiple statistics regarding the 750 and 40 um foils are 
shown. In the same amount of area, the 40 um foil has less grains and hence, a larger average 
grain area. Also, it is seen that the 40 um foil has a larger difference between the 
measurement in the rolling direction (RD) and than in the transverse direction (TD). 

The elongation of grains during cold rolling in 
the rolling direction is consistent with the 
literature, and displays no grain 
recrystallization [5].

As shown in Figure 2, the grains elongate due 
to cold rolling, hence increasing grain size.

An increase in grain size due to cold rolling 
means a decrease in grain boundary density as 
well. This tracks, as the grains take up more 
space within the measured area, leaving less 
space for grain boundaries.

Process

The lithium metal was extruded to 750 um 
thickness, as seen in Figure 1. This was then 
cold-rolled to 40 um, as seen in Figure 2. 
Monitoring differences in the grains of each is 
the goal. 

In Table 2, on the right, there is a grain 
boundary density effect from cold rolling, 
showing a higher GB density for the 750 um 
Li. 

Figure 1. Direct extrusion process 
to produce 750 um Li [3]

Figure 2. Cold-rolling  process to 
produce 40 um Li [4]

To sum up everything, Lithium was extruded to 
750 um thickness as a baseline and then 
cold-rolled to 40 um thickness. The effects of 
this cold rolling were elongated grains in the 
rolling direction, leaving stretched grains of 
larger area. This decreased grain boundary 
density and will play a role in the deposition 
interactions of lithium onto the lithium anode.

Figure 3. Before and after image pre-processing 
steps, before data collection.

Figure 4. 5x5 stitched 750 um and 40 um 
thick Li, with rolling direction (RD) labeled

Figure 5. Results of lithium grain size distribution in rolling direction (RD) and transverse 
direction (TD) in um, as well as grain area distribution in um2, for 750 and 40 um thick lithium.

Table 1. Statistics regarding grain number, average grain size (in RD and TD,  and average 
grain area, for 750 and 40 um thick lithium. 

Table 2. Grain boundary density, in m/cm2, for both 750 and 40 um thick lithium.
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