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Lithium-ion batteries (LIBs) are one of the most advanced electrochemical energy-storage 

systems with superior energy and power densities. Nevertheless, there is an ever increasing 

need for LIBs with significantly higher energy densities and faster charging rates able to meet 

the growing demands of new consumer electronics, stationary power storage systems, and 

especially long-range electric vehicles. 
 

State-of-the-art LIBs are based on insertion-type electrode materials such as graphite based 

anodes and transition metal oxide cathodes, for example LiCoO2. The redox transformations 

of these materials involve the reversible incorporation of lithium ions without major structural 

changes, resulting in high cycling stability combined, however, with only moderate specific 

capacity. The use of electrode materials with different charge storage chemistry, such as 

alloying/de-alloying or conversion mechanisms, is a promising way to increase the storage 

capacity. 

 

Among numerous candidates belonging to these two materials classes, tin dioxide (SnO2) is a 

very attractive candidate as anode material due to its very high lithium insertion capacity and 

low working potential. Nevertheless, huge volume changes during the structural conversion 

and the irreversibility of the conversion step are major drawbacks of this auspicious anode 

material. In order to overcome these problems, a promising approach is nanostructuring of 

SnO2 and incorporating it into a carbonaceous matrix.  

 

Here, we describe the fabrication of antimony-doped tin oxide (ATO)/graphene hybrid 

nanocomposites using a microwave assisted in-situ synthesis in tert-butyl alcohol. This 

reaction enables the growth of ultra-small ATO nanoparticles with sizes below 3 nm on the 

surface of graphene, providing a composite anode material with a high electric conductivity 

and high structural stability. Antimony doping results in high reversible capacity and superior 

rate performance. The nanocomposites feature a gravimetric capacity of 1226 mAh g
-1

 at the 

charging rate 1C and still a high capacity of 577 mAh g
-1

 at very high charging rates of up to 

60C, as compared to 93 mAh g
-1

 at 60C for the undoped composite synthesized in a similar 

way. At the same time, the antimony-doped anodes demonstrate excellent stability with a 

capacity retention of 77% after 1000 cycles.
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