
P:\_Projekte\DFG_37_spp1473_WeNDeLiB\spp1473\ 1 

Phase stability of alloy-type lithium storage anode materials 
 

Subproject 9.2 

Subproject members:  

Artem Kozlov and Rainer Schmid-Fetzer 

 
 The global goal of our subproject 9.2 is the development of a quantitative thermodynamic 

description providing the stability of phases in the alloy system Li-Si-Sn-C suitable as anode 

materials for lithium storage in Li-ion batteries in the bulk state. This includes the heterogeneous 

phase equilibria and the driving forces for phase reactions and phase transformations. These 

thermodynamic and constitutional alloy properties, as well as the chemical potential of Li, shall be 

derived from a consistent and experimentally supported Calphad-type modeling with the capability to 

predict these quantities in pertinent multicomponent alloy systems and for a wide range of 

temperatures. The Calphad method is the prime tool to investigate phase diagrams for complex alloys 

with high accuracy and build consistent multicomponent thermodynamic databases for bulk 

materials.   

 Our group has specialized in a combination of experimental techniques with Calphad-type 

investigation of multicomponent, multiphase alloy systems for many years. As a result a range of 

state of the art laboratory equipment has been specially developed or modified for high precision 

measurement of thermodynamic and phase diagram data. 

 

 Preliminary thermodynamic calculations for Li-Al-Mn alloys  

 

 Systematic research on the Li-ion battery anode thermodynamics, which is not documented in 

the literature so far, could be carried out by applying the Calphad method to build a Li-based 

multicomponent thermodynamic database. Based on such a database, phase stability and phase 

formation in industrially applied or potential multicomponent anode materials can be reliably 

predicted. The Li storage capacity can be theoretically estimated and the interaction mechanism with 

Li can be understood more quantitatively. The interaction mechanism informs us which phase is 

active with Li and which one is less active or non-active with Li. It therefore helps to design the 

materials structure in order to improve the material stability during charge and discharge cycling. 

 Unpublished work for this proposal provides the thermodynamic description of the Li-Al-Mn 

ternary system as an example for the methodology. A thermodynamic database was developed by 

the applicant based on the binary interactions only. Figure 1 presents the consequently calculated 

isothermal section of the Li-Al-Mn system at 25°C. The circles A (Al30Mn70), B (Al70Mn30) and C 

(Al85Mn15) indicate three Al-Mn alloys which might represent potential anode materials for Li-ion 

batteries. Figure 2 shows the calculated chemical potential, µLi relative to pure Li, along the section 

between Li and alloy B (Al70Mn30). The chemical potential of Li increases with the content of Li, 

stepwise. It is constant when the alloy composition crosses three-phase regions, while steeply 

increasing when passing two-phase regions in the course of charging (lithiation), which leaves the 

overall Al/Mn-ratio constant. The value of µLi, relative to pure Li (bcc), reaches zero and the Li-

storage capability of the alloy reaches the maximum once the alloy attains a three-phase equilibrium 

accociated with Li. Therefore, alloy C possibly has a higher Li-storage capacity than alloy B. It is 

noteworthy that alloy A has no Li-storage capacity at all. It is because alloy A will be in three-phase 

region of Li + Cub + Al8Mn5 and the chemical potential of Li will approach that of pure Li 

immediately, once some Li atoms enter the alloy, assuming negligible solid solubility.  

 As shown by this example, the knowledge of the phase equilibria and thermodynamics is 

essential for estimating the Li-storage capacities of the alloys and for understanding the interaction 

mechanism with Li of each phase. If Li is offered in the charging cycle with a specified chemical 

potential, the phase transformations/reactions and the formation of new phases in an anode material 

can be calculated under equilibrium conditions from the thermodynamic description to be developed 

for the multicomponent, multiphase alloy system. The final phase assembly will distinctly depend on 
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the value of µLi and, thus, the potential Li
+
/Li which relates, together with the cathode properties, to 

the voltage. The theoretical anode capacity is also properly calculated from the final phase amounts.   
 

 

 

Fig.1 Tentative thermodynamic calculation of 

the Li-Al-Mn phase diagram at 25°C 

Fig.2 Calculated chemical potential along the 

section between Li and alloy (B), Al70Mn30 

 

 Preliminary thermodynamic calculations for Li-C alloys  

 

 The Li-C phase diagram is re-evaluated using the Calphad method with a preliminary dataset 

based on literature data. The phase equilibria and thermodynamic data of this system are critically 

reviewed. The liquid phase, gas phase and one stable lithium carbide with two modifications is 

modeled and the Li–C phase diagram at 1 bar total pressure is established for the first time. 

This work is ongoing. 


