
Brief information about the project 

Name of the project 

 

AP09260383 «Development of a reversible anode for magnesium 

ion batteries» 

Relevance 

 

The development of electronic technology (electric transport) and 

the appearance of a large number and varieties of gadgets in recent 

years is causing more and more interest in energy storage 

technologies. So far, lithium-ion batteries have been the solution 

to this problem. However, their explosiveness, insufficient ability 

to store energy, small operating temperature range, low resistance 

to overcharging and full discharge, difficulty charging at sub-zero 

temperatures, and relatively high cost makes it necessary to look 

for other alternatives. One of these alternative solutions is 

magnesium batteries. 

The advantages of magnesium are high density, a melting point of 

magnesium is higher than that of lithium, safety, the ability to hold 

a charge for a long time, availability, and prevalence in the earth's 

crust. In this project, nanostructured titanium oxide is proposed as 

the starting material for alternative anode active materials since it 

easily adsorbs magnesium on the surface and has a very high 

surface area. For magnesium batteries, this type of anode material 

is still poorly understood.  

Purpose 

 

This project aims to synthesize an intercalating anode for 

magnesium-ion batteries, which ensures the safety and high 

specific characteristics. 

Objectives 1) Selection of the optimal composition of the anode material for 

chemical current sources and determination of their 

electrochemical characteristics using a complex of physical and 

chemical research methods. 

2) Study of the effect of intercalation of magnesium ions on the 

composition and structure of the anode material and selection of 

optimal conditions. 

3) Investigation of the electrochemical properties of magnesium 

intercalated anodes with the best energy and resource 

characteristics. Testing the anode. 

Expected and achieved 

results 

 

2021 – titanium oxide synthesis was carried out using 

hydrothermal synthesis, solid-phase synthesis, template method, 

and electrochemical anodizing of titanium. The composition of the 

anode material has been selected: active material (75-80%), 

acetylene soot, and binder (PVDF). Morphological characteristics 

of synthesized nanostructured electrodes have been determined. 

The kinetic parameters of the intercalation and deintercalation 

processes of magnesium ions into the synthesized anode electrode 

are calculated.  

2022 – the effect of intercalation of magnesium ions on the crystal 

structure, phase composition, and morphology of the anode 

material was established using scanning electron microscopy, X-

ray diffraction, and X-ray spectral analysis. Optimal conditions for 

synthesizing the anode with varying electrolyte concentration, 



scanning speed, and cycles using electrochemical research 

methods have been selected. The morphological properties of the 

surface of the anode material after the intercalation of magnesium 

ions are investigated.  

2023 – the optimal temperature for heat treatment of synthesized 

titanium oxide was selected. The values of the velocity constant, 

charge transfer coefficients (α) for the processes of oxidation and 

reduction, as well as the diffusion coefficient of magnesium ions, 

were determined based on the results of cyclic voltammetry. The 

anode material was tested by the galvanostatic charge-discharge 

method. The surface characteristics of the anode after testing have 

been determined. 
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