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The global energy consumption is multiplied by 2.3, comparing its values in 1971 to 2017 1. This trend 

indicates that finding new efficient and sustainable energy-storage technologies is crucial. 

Rechargeable batteries, such as Li-ion batteries (LIBs), are the established technology that dominates 

the market 2. LIBs have a notable volumetric capacity and the highest gravimetric capacity (3857 mAh 

g-1) 3. However, the high cost and low abundance of Li (0.0065 wt% of the earth's crust) and the 

flammability and hazard of the state-of-the-art electrolytes push the scientists to find alternatives 3. Al 

is the most plentiful element (8 wt%) comparing to Li, Mg, Na, Ca, and K 6. Among both multivalent 

(MV) ions (Zn2+, Ca2+, and Mg2+), and monovalent ions (Na+, K+), Al3+ is one of the alternatives. 

Aluminum batteries are sustainable, safe, and environmentally friendly due to non-flammable ionic 

liquid electrolytes 6,7. The volumetric capacity of Al is 2980 mAh g-1, about four times higher than that 

of Li (2062 mAh cm-3) 7. This higher volumetric capacity is the result of the high density of Al and its 

redox reaction, which involves three electrons per exchanged ion. AlBs (with metallic Al as an anode) 

promise high theoretical energy density due to the smaller ionic radii of Al3+ (0.53 Å) compared to Li+ 

(0.76 Å) 8,9 and also the transport of three charges per exchanged ion.  

AlBs, as a promising post-lithium batteries, have some drawbacks and unsolved issues, like:  

 Slow solid diffusion and high charge transfer resistance at the cathode and the low output voltage 
3. 

 Strong Coulombic interaction between Al3+ ion and host materials due to the high charge density 

of Al, which results in slow kinetics, poor cycling stability, and electrolyte compatibility 7,10–12. 

 The ionic-liquid-based electrolytes are corrosive and have low oxidation potential, which strongly 

affects Al3+ intercalation13. 

 The oxidation or passivation layer Al2O3 and dendrites formation on the Al surface hinders the 

Aluminum plating and stripping upon electrochemical cycling. 

 

 



 

Figure 1. A general overview of the designed project 14 

This project is embedded in the cluster of excellence POLiS (https://www.postlithiumstorage.org/en/) 

and aims to modify the Aluminum foil surface in order to improve the Al plating/stripping. Imidazole-

based ionic liquid electrolyte, AlCl3-free electrolytes, and other solutions are considered as treatment 

agents for the Aluminum surface. Moreover, the effect of mechanical surface modification of Al Foil 

with the help of the microneedle treatment technique will be investigated 14.  

The key-research question is if to understand the role of the combined approaches of micro-needle 

treatment and acidic treatment (e.g. with AlCl3-based ionic liquid) on the removal of Al2O3 from the Al 

foil surface.  

The objective of this project is to study the surface of as-received Al foil and the common  Al foils (e.g. 

for kitchen use) with and without treatment and to perform electrochemical characterization (i.e. 

cyclic voltammetry, galvanostatic cycling, and impedance spectroscopy). In addition to electrochemical 

techniques, different analysis techniques will be used, such as SEM, EDX, XPS, FTIR, and Raman 

(Figure1). 

Your profile: 
You are a Master or a bachelor student in Chemistry or Materials Science at the Karlsruhe Institute of 
Technology, motivated to learn about materials for energy storage systems and electrochemical 
techniques.  
The project is carried out in an international team and hence the project supervision and team 
meetings will be mostly held in English. Therefore, knowledge of the English language is preferred. 

Contact persons: Dr. Sonia Dsoke (sonia.dsoke@kit.edu, +49 721 608 41915) and 
Fatemehsadat Rahide (fatemehsadat.rahide@partner.kit.edu, +49 721 608 41445) 
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