
  8th Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11th-14th, 2022 

Modified anodes for lithium metal batteries (P-2AB)
Guadalupe Peñaranda1*, Fernando P. Cometto2, M. Victoria Bracamonte1, C. Andrea Calderón1**

1 Instituto de Física Enrique Gaviola, Facultad de Matemática, Astronomía, Física y Computación, Universidad Nacional de Córdoba, Av. Medina 
Allende s/n, ciudad universitaria, Córdoba, Argentina 

2 Instituto de Investigaciones en Fisicoquímica de Córdoba, Facultad de Ciencias Químicas, Universidad Nacional de Córdoba, Haya de la Torre 
esq. Medina Allende, ciudad universitaria, Córdoba, Argentina. 

(*) Pres. author: gpenaranda@unc.edu.ar (**) Corresp. author: and.calderon@mi.unc.edu.ar 

Keywords: Lithium metal, Boron nitride, dendrites, Battery  

1. Introduction
The specific energy density of Li-ion batteries (LIBs) is

now nearly approaching its theoretical values, after grow-
ing by about 7 Wh kg−1 per year in the last 25 years [1]. A 
rechargeable battery-specific energy density is primarily 
determined by the electrode's specific capacity and operat-
ing voltage [2]. In this perspective, lithium metal anode 
represents the “holy grail” of battery research for its ex-
tremely high theoretical specific capacity (3860 mA h g−1), 
its lowest redox potential (−3.04 V vs. the standard hydro-
gen electrode), and its low gravimetric density (0.534 g 
cm−3). On the other hand, metallic Li being thermodynami-
cally unstable in all liquid electrolytes immediately forms a 
solid-electrolyte interphase (SEI) when immersed into elec-
trolyte [3]. An ideal SEI should inhibit the further reaction 
between Li and electrolytes and suppress the Li dendrite 
formation. However, spontaneously formed SEI is fragile 
and heterogeneous with variable spatial resistance, which 
induces uneven Li-ions flow, random Li deposition under-
neath and formation of high surface area lithium (HSAL) 
[4]. Constructing a stable SEI layer is a necessary strategy to 
restrict lithium dendrite growth, which further guarantees 
the safety of LIBs. 

Recently, polymer electrolytes [4,5] and 2D nano-
materials [6,7] have been studied extensively for applica-
tions in LIBs. Particularly 2D nanomaterials have attractive 
properties originating from their ultrathin structure with a 
high degree of anisotropy and chemical functionality. Hex-
agonal boron nitride (hBN) is one of the most popular 2D 
with an atomic structure similar to graphene in geometry, 
where carbon atoms are substituted with nitrogen and 
boron atoms [8]. The BN bonds of hBN show a partially 
ionic character due the difference in electronegativity be-
tween N and B, which make hBN an insulating layered 
compound with high chemical stability and mechanical 
strength that flatten Li deposits, reducing HSAL formation. 
Also, B atoms in hBN (with partially empty pz orbital) inter-
act with anions from the electrolyte, promising to improve 
Li deposition by reducing Li+ concentration gradient [7]. In 
this work the surface of metallic lithium electrodes was 
modified with hBN and tested on electrochemical cells.  

2. Experimental
2.1 Sample preparation

To modify the metal lithium surfaces we used a suspen-
sion of commercial hBN in N-Methyl-2-pyrrolidone (NMP). 
The suspension was sonicated and then centrifuged finally 
giving a hBN stable dispersion. The dispersion was used to 
deposit hBN on the metallic lithium by drop casting tech-
nique to obtain Li@BN sample. 

The interaction of hBN with metallic lithium was stud-
ied with X-ray photoelectron spectroscopy (XPS) and scan-
ning electron microscopy (SEM). To test the electrochemi-
cal properties, symmetric Li@BN/Li@BN and asymmetric 
Li/Cu@BN coin cells were assembled inside of a glovebox 
with an Argon atmosphere; Lithium 
bis(trifluoromethanesulfonyl)imide (LiTFSI) 1M in 1,3-
dioxolane (DOL) : 1,2-dimethoxyethane (DME) 1:1 vol was 
used as electrolyte; Li and Cu without modification were 
used as reference. The variation of impedance with time on 
a fresh cell was measured and lithium stripping and deposi-
tion was evaluated with galvanostatic cycling.   

3. Results
3.1 hBN Exfoliation 
Dispersions with a concentration of 10 mg mL−1 hBN pow-
der in NMP were sonicated to exfoliate the hBN and centri-
fuged to remove large aggregates. After centrifugation, the 
hBN concentration (C) was determined from the measured 
absorbance by using the Lambert−Beer law, A/l = αC, with 
α = 270 L·g−1·m−1 and l the cell length.  
The correct exfoliation of the material was confirmed by 
SEM, Raman spectroscopy and XPS. While in SEM, we ob-
serve the typical flake morphology of exfoliated h-BN, RA-
MAN shows a red shift in the peak corresponding to E2g 
mode and XPS confirms the chemical and bond composi-
tion based on B and N as main elements. 

3.2 Lithium modification 
Metal lithium was modified to obtain Li@BN by drop 

casting method using exfoliated hBN dispersion. XPS results 
demonstrate the presence of 2D hBN on the surface of the 
electrode, while at the interface between hBN and metallic 
lithium, Li3B and Li3N species were found as possible prod-
ucts of the reaction between hBN and Li. 
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To test the stability of lithium in contact with electro-
lyte, impedance spectra were measured over time, in 
symmetrical cells at open circuit voltage (OCV). The results 
show a typical semicircle associated with the interface 
resistance. Comparing the change in the semicircle for both 
electrodes (Figure 1) it is noticeable a lower increment in 
time when hBN is modifying the Li surface.  

Fig. 1. EIS spectras for Li/Li and Li@BN/Li@BN at OCV over time. 

3.3 Lithium striping and deposition 
To evaluate the performance of lithium dissolution and 

deposition in electrodes modified with hBN, both 
Li@BN/Li@BN and Li/Li symmetrical cells were used. Gal-
vanostatic cycles at high currents were applied. The cell 
with Li@BN not only can be cycled more times without 
short-circuiting, but also presents a lower overpotential 
than for Li without modification (Figure 2).  

Li/Cu and Li/Cu@BN - Cu@BN was prepared in the 
same way as Li@BN - cells were tested to evaluate cou-
lombic efficiency showing an improvement in the electro-
chemical performance with the modified surface. SEM 
images of the lithium deposits on Cu show more porous 
and disordered structure on bare Cu than flat and homo-
geneous structures on Cu@BN. 

 
Fig. 2. Galvanostatic cycling of symmetric Li/Li (red line) and 

Li@BN/Li@BN (black line) cells at 20 mA cm-2 

4. Discussion 

4.1 Exfoliated hBN to stabilise metallic lithium   
Previous results show that a clear stabilisation is obtained 
when exfoliated hBN is deposited on the lithium metal 
surface. When metallic lithium is in contact with electro-

lyte, the SEI layer is formed for decomposition reactions 
and the resistance of the surface increases with time, as 
Figure 1 shows in the increment of the semicircles on EIS 
spectra. The resistance increases clearly slowly when lithi-
um is covered with hBN, indicating that it protects lithium 
against electrolyte decomposition and SEI formation.  
XPS measures show that lithium and part of hBN react 
forming Li3B and Li3N, but hBN 2D without react is present 
on the top of the surface. The hBN on the surface enables 
and aids lithium deposition and dissolution reactions, 
which can be observed in the lower reaction overpotential 
during the cycles of the symmetric cell with Li@BN. The 
morphology of the lithium deposits on Cu@BN is more 
homogeneous and compact compared to bare Cu observed 
with SEM, which indicates less HSAL is formed improving 
the safety of the cell. Finally, hBN protects lithium against 
electrolyte decomposition during cycling, which can be 
observed on the better coulombic efficiency for the 
Li/Cu@BN cell. The protective and stabilising effect of hBN 
on metallic lithium and its reactions produces an increase 
on cell cycling improving as well the useful lifetime of the 
battery.   

5  Conclusions 

In this work, we have successfully exoliated hBN and 
applied it as a protective layer for lithium metal-based 
batteries. The advantages to incorporate hBN on Li surface 
has been demonstrated by the reduction in the overpoten-
tials respect to unmodified Li anodes at density currents as 
high as 20 mA cm2. Using XPS, EIS and SEM as tools, we 
were able to shed light not only about the interaction be-
tween the 2D materials and the Li surface, but also about 
how its interplay improves the electrochemical perfor-
mance of the Li metal anodes.  

Acknowledgements  
This work was supported by grants FONCYT PICT-2019-
02347 Agencia Nacional de Promoción Científica y Tecno-
lógica-Argentina. GP appreciates the scholarship by Secre-
taría de Ciencia y Tecnología, Universidad Nacional de Cór-
doba.  F.P.C., M.V.B and C.A.C. appreciates the support 
form Consejo Nacional de Investigaciones Científicas y Téc-
nicas from Argentina.  

References 

1  X.Q. Zhang, X.B. Cheng, Q. Zhang, Advances in Interfaces 
between Li metal an- ode and electrolyte, Adv. Mater. Inter-
faces 5 (2018) 1701097, doi: 10.1002/admi. 201701097. 

[2] D. Versaci, A. Costanzo, S.M. Ronchetti, B. Onida, J. Amici, C. 
Francia, S. Bodoardo, Ultrasmall SnO2 directly grown on 
commercial C45 carbon as lithium-ion battery anodes for 
long cycling performance, Electrochim. Acta. 367 (2021) 
137489, doi: 10.1016/j.electacta.2020.137489 . 

[3] H. Yang, C. Guo, A. Naveed, J. Lei, J. Yang, Y. Nuli, J. Wang, 
Recent progress and perspective on lithium metal anode pro-
tection, Energy Storage Mater. 14 (2018) 199–221, doi: 
10.1016/j.ensm.2018.03.001 



 
 

 
                                                       8th Symposium on Hydrogen, Fuel Cells and Advanced Batteries, Buenos Aires, July 11th-14th, 2022 

 

[4] C.A. Calderón, A. Vizintin, J. Bobnar, D.E. Barraco, E. Leiva, A. 
Visintin, S. Fantini, F. Fischer, R. Dominko, Lithium Metal Pro-
tection by a Cross-Linked Polymer Ionic Liquid and Its Appli-
cation in Lithium Battery, ACS Appl. Energy Mater. 3 (2020) 
2020-2027, doi: 10.1021/acsaem.9b02309 . 

[5] J. Amici, C.A. Calderón, D. Versaci, G. Luque, D. Barraco, E. 
Leiva, C. Francia, S. Bodoardo, Composite polymer electrolyte 
with high inorganic additive contents to enable metallic lithi-
um anode, Electrochimica Acta 404 (2022) 139772 - 139781, 
doi: 10.1016/j.electacta.2021.139772 . 

[6] Y. Gong, Z-Q. Xu, D. Li, J. Zhang, I. Aharonovich, Y. Zhang, Two-
Dimensional Hexagonal Boron Nitride for Building Next-
Generation Energy-Efficient Devices, ACS Energy Lett. 2021, 
6, 985−996, doi: 10.1021/acsenergyle .0c02427 . 

[7] J. Wu, X. Li, Z. Rao, X. Xu, Z. Cheng, Y. Liao, L. Yuan, X. Xie, Z. Li, 
Y. Huang, Electrolyte with boron nitride nanosheets as level-
ing agent towards dendrite-free lithium metal anodes, Nano 
Energy 72 (2020) 104725-104733, doi: 
10.1016/j.nanoen.2020.104725 

[8] J. Shim, H.J. Kim, B.G. Kim, Y.S. Kim, D-G. Kim, J-C. Lee, 2D 
boron nitride nanoflakes as a multifunctional additive in gel 
polymer electrolytes for safe, long cycle life and high rate 
lithium metal batteries, Energy Environ. Sci. 10 (2017) 1911-
1916. doi: 10.1021/acs.nanolett.1c03106 Nano. 

 




