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Electrodes based on the conversion mechanism for the electrochemical storage of lithium are 

promising for next-generation lithium ion batteries since they exhibit a high theoretical specific 

capacity (more than 700 mAh/g) and charge density compared to the commonly used and well-

established intercalation-type electrodes
1,2,3

. The difference between the mechanisms associated 

with conversion and intercalation-type electrodes is that for conversion-type electrodes, lithium ions 

react with the transition metal oxide at the cathode to form nano-particles of lithium oxide and the 

pure transition metal as shown in Figure 1, whereas during the intercalation process, lithium ions are 

incorporated into the host structure of the cathode material. Via the conversion mechanism, 

described by the following formula  

���� + �� ∙ 	
�� ↔ �� + �����, 

where M is a transition metal and X is an anion (O, N, F, S, P), more than one unit charge per mole of 

lithium ions can be transferred during charge/discharge processes, which leads to a large theoretical 

capacity. 

 

Figure 1: Schematic of the conversion reaction during discharge and charge of a lithium ion battery
4
. 

The sub-project focuses on the thermodynamic description of the stabilization of nano-materials in 

conversion-type electrodes in lithium ion batteries. A battery relevant thermodynamic investigation 

of the Li-Cu-Fe-O conversion system should be performed. Experimentally determined 

thermodynamic data which is incorporated into the CALPHAD thermodynamic modeling of the 

system is used. The theoretical calculation of the open circuit voltage and chemical potential of 

lithium in the cathode materials should be validated using electrochemical measurements of self-

assembled coin-cells.  
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As a first step the ternary system Cu-Fe-O has been modeled using thermodynamic optimization. The 

dataset describes the system from 923 K to 1273 K. A calculated isothermal section is shown in Figure 

2, which shows good agreement with experimental data from Yund and Kullerud
5
. Additionally, 

experiments were conducted to get insight into lower temperature transformations using DTA. The 

results were recently published
6
. 

 

Figure 2: Calculated isothermal section at 1273 K and a total pressure of 1 atm.
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For calorimetric experiments (drop-in calorimeter and DSC) as well as battery tests, stoichiometric 

CuFe2O4 samples were prepared via sol-gel self combustion method
7,8

 and solid state reaction. The 

obtained powder from the sol-gel method has a crystallite size in the nm range (approx. 70 nm after 

an annealing treatment for 5 h at 400 °C) and is very porous. In collaboration with WG 

Gruner/Ehrenberg (sub-project 1) further stoichiometric nano-sized powder will be prepared with 

self-combustion and inverse emulsion reaction to determine thermodynamic differences of nano- 

and micro-sized materials. 

Furthermore, critical literature evaluation of the missing binary and ternary systems of the Li-Cu-Fe-O 

system is done to set up datasets for assessment of these systems with the CALPHAD technique using 

the software THERMO-CALC.  
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