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1. Introduction

New generations of materials are necessary to provide
practical and economical solutions for electrode fabrication 
in lithium batteries. The major issue associated with Li metal 
anode is the uneven deposition/dissolution of lithium ion 
during the battery operation, which causes uncontrolled Li 

dendrite growth and subsequently cell shorting 1. Besides, 
Li metal can rapidly react with most organic electrolytes 
forming a solid electrolyte interphase (SEI) on its surface. 
The main problem is the instability of the SEI layer, which 
brakes during cycling resulting in a continuous Li corrosion 
and electrolyte consumption.  

Many strategies have been tested to avoid these 
problems. In fact, the use of solid electrolytes is the most 
promising one. However, most of the solid electrolytes have 
the weak point, of their low ionic conductivity which results 
in interfacial problems. Another strategy, based in a 
polymeric modification of Li metal anode has shown the 
potential of clamping the expansion and breakage of SEI 
layer but still presents some issues to solve related with the 
preparation of the corresponding polymers since today is 
not suitable for commercial applications. 

Recently, several studies have shown that lithium metal 
anodes coated with Al2O3 thin layers (2–14 nm) via atomic 
layer deposition (ALD) enhanced cycling performance and 
depressed dendrite formation [2–3]. In these articles it is 
explained that the Al2O3 thin film acts as a passivation layer 
preventing side reactions with electrolytes from the very 
early stage, avoiding the fresh lithium metal to instantly 
react with the electrolytes. However, the study of the 
impact of Al2O3 particle size as well as the thickness of the 
protective layer has not been reported yet for lithium metal 
surfaces.   

In this work, we present a methodical physicochemical 
and electrochemical study of the effect of Al2O3 particle size 
on the electrochemical performance of modified lithium 

anodes. 

2. Experimental

2.1 Surface modification 

A dispersion of commercial Al2O3 of different particle 
diameters (1 mm, 0.3 µm and 0.05 µm) in tetrahydrofuran 
(THF) was used to modify the lithium surface. Briefly, 4 mg 
of Al2O3 was mixed with 1 mL of THF and sonicated in an 
ultrasound bath for 20 min. Afterward, the alumina 
dispersion was used to modify the metallic lithium surface 
by drop casting technique. The obtained samples were 
named Al2O3-X@Li, where x denoted the size particle of the 
used Al2O3.  

The modified Lithium surfaces were studied by different 
techniques, such as XPS, SEM, EDS, among others. The 
electrochemical characterization of the surfaces were done 
in symmetric Al2O3-X@Li/Al2O3-X@Li coin cells, using lithium 
hexafluorophosphate (LiPF6) 1M in ethyl 
carbonate:dimethyl carbonate (EC:DMC) as electrolyte. Li  
without modification was used as reference for comparison. 

3. Results

3.1 Lithium surface modification 

Lithium metal anodes of 12 mm diameter were cut and 
modified with Al2O3 dispersions. All the used particle sizes 
formed a good quality coating onto the lithium electrode. 
The presence of the particles was confirmed by microscopy 
and XPS analysis, where no-spontaneous reaction between 
Li and Al2O3 was observed.  

The over-potential of lithium metal working electrodes 
and Al2O3-X@Li during constant current lithium deposition 
and dissolution in symmetrical cells were compared, (figure 
1). The positive potentials values of the working electrode 
against Li/Li+ represent the energy barrier that take place 
during lithium dissolution, whereas the negative potentials 
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represent the lithium deposition. Overpotentials during 
lithium plating and stripping processes, may include the 
lithium transport in the electrolyte and in the SEI, and the 
kinetic hindrance of the lithium ion reduction and oxidation 
processes at the electrode itself.  From the comparison in 
figure 1, we can observe that the presence of Al2O3 always 
reduces the overpotential, being the lowest the one 
obtained when 1 mm Al2O3 particles are modifying the Li 
surface.   Besides the difference, the time-voltage profiles 
show that all of these cells have an electrochemical 
activation process at the very beginning followed by a period 
of stable cycles (not shown). 
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Fig. 1. Potential vs. time profiles obtained for symmetrical cells 
prepared with Al2O3-X@Li being X = 1 mm (blue), 0.3 µm 
(yellow) and 0.05 µm (red) 

It is clear that the modified Li electrode with an 
optimized particle size of 1 mm possesses the best lifespan 
since it has de lower overpotential and the longest 
cyclability. However, this particle size was the one with the 
most heterogeneous coating on the electrode surface. For 
this reason, it was decided to study the electrochemical 
behavior of the system using a greater amount of 
suspension deposited as well as combining particle sizes. 

Further information about the role of the particles size 
on the lithium stripping/deposition profiles was obtained by 
XPS and SEM post mortem analysis of the cells. The lithium 
surface morphologies after cycling – observed by SEM – 
shows how the pristine lithium metal with original smooth 
surface evolves into porous and fractal-like lithium 
dendrites, while the Al2O3 modified lithium has a 
comparatively smooth surface. 

4. Discussion

The modification of Al2O3 particles on the top of lithium
metal electrodes enhance the electrochemical response of 
this anodes in lithium batteries. The principal observed 
result is related with the energy (overpotential) needed for 
the stripping/dissolution of lithium. Since Al2O3 is an 
insulant, the decrease in potential is attributed to the 
formation of a Li-Al-O layer which improves the conduction 
on the interphase. Besides this observation, we found that 
the size of the particles – and in consequence its coverage -  
play a determinant role in the cells performance.  

5. Conclusions

In this work, we have successfully modified lithium
surfaces by drop casting dispersions prepared with different 
Al2O3 particles of different sizes. Through the 
electrochemical characterization we demonstrated the role 
of these particles not only in the reduction of the 
overpotentials for the lithium stripping/dissolution, but also 
in the improvement of the cyclability.  
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