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The 21st century has seen significant advances in Li-ion 

battery (LIB) technologies due to the increasing use of 

portable devices and large-scale energy storage systems. 

While these developments are still ongoing, LIB technology 

has the potential to create serious environmental problems as 

it contains toxic electrolytes, heavy metals and also increased 

LIB production has caused to higher raw material prices. 

High energy density and high discharge capacities have led to 

the intensive use of Li-ion batteries for energy storage. The 

threat of future extinction of lithium reserves and safety 

concerns have been the driving force for research of other 

energy storage systems [1]. 

 

As an alternative to lithium metal, aluminum offers the 

potential to rival LIBs, which has relatively low cost, safety, 

and ability to transfer trivalent ions theoratically [2]. At the 

same time, aluminum is one of the most abundant metals in 

the world and its gravimetric and volumetric energy density 

is comparable to Li (gravimetric energy density 2.98 Ah/g, 

volumetric energy density 8.04 Ah/cm3) [3]. Since Al3+ 

cation (53.5 pm) in the electrolyte has a smaller radius than 

the Li+ cation (76 pm), this chemistry offers promising option 

for the intercalation/deintercalation mechanism [4]. Since 

ALIB cells operate in lower voltage ranges compared to Li-

ion cells, improvements are needed for the development of 

electrodes to reach higher energy densities in aqueous 

electrolytes [5]. 

 

In this study, different ratio of carbon nanotubes (CNT) 

doped-TiO2 was investigated as an alternative anode 

materials in AlCl3 aqueous electrolyte for rechargeable 

aluminum ion batteries. The characterizations of CNTs 

doped-TiO2 were supported by SEM, XRD and TGA. 

Electrochemical cyclic voltammetry (CV) and galvanostatic 

charge-discharge tests were performed in 1.0 M AgCl3 

aqueous electrolyte at (-1.4-0) V voltage range and different 

current densities, against to Ag/AgCl reference electrode with 

a 3-configuration test cell and they were compared with bare 

TiO2 electrode. 

 

 

 

 

 

 

 

 

 

 

 

Figure  1. Specific 

capacities of different ratio of  (w/w) CNT doped-TiO2  

 

TiO2 and CNTs doped-TiO2 electrodes that can be used 

instead of aluminum metal as an anode materials have 

reached high capacity values in the aqueous electrolyte 

medium and this study shows that they can be used as 

promising anode electrodes in Al-ion energy storage systems. 
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