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MAHEATT PROJECT SUMMARY 
 

The overall objective of the MAHEATT project is to develop a prototype cost-effective lithium-ion high 

energy battery technology with electrode performances well beyond the current state-of-the-art, with 

automotive applications (hybrid vehicles and electric traction) and hand held tools as application target 

areas. This will be achieved by innovative synthesis and design of radically improved cathode materials 

and by optimizing kinetics and stability through nanostructuring of all electroactive materials (EAMs) and 

components. Objectives are:  

• To design synthesis routes and novel electroactive materials for the cathode;  

• To design the EAMs in nanoscopic form to provide a faster kinetics;  

• To coat the EAMs and optimize binding and assembly to improve stability and cycling behaviour  

The approach is highly cross-disciplinary, with partnership of leading research institutions and leading 

European industry. The solution to the materials challenges benefit from feedback between advanced 

characterization, theory, modelling and synthesis, including up-scaling. 

 

The project consists of eight technical work packages. The main objectives of these being: 

• WP1: synthesis of new classes of cathode materials with very high energy densities 

• WP2: improved synthesis of nano-silicon from intermetallics 

• WP3: coating and assembly of nanosized electroactive materials, focusing on flexible, 

conducting, porous materials 

• WP4: computational modeling of stability and Li-diffusion in nanosized novel electroactive 

materials 

• WP5: electrochemical and physicochemial characterization, including highly advanced in-situ 

studies at operating conditions 

• WP6: upscaled production of specific cathode and anode materials 

• WP7: benchmarking of novel materials and concepts, development of demonstrator for heavy 

tools 

• WP8: innovation based activities, securing novel IP from the other seven workpackages. 

 

The focus on cathode materials is important since they are today a limiting 

factor for the overall charge capacity of a Li-ion battery. However, once 

having such materials at hand, a due focus needs to be put on matching 

anode performance. Hence, we address cathode and anode materials, yet 

with a clear focus on the former. 

 

The need for high charge densities naturally target light weight compounds 

with electroactive d-elements in a proper potential window. Jumps in 

oxidation states by more than one unit would be highly beneficial. Our 

category of target compounds include transition metal borates and 

aluminates; e.g. LiFeBO3, see fig.1.  

 Fig. 1 Structure of LiFeBO3 
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The Li-ion transport properties in this category of structures 

based on linkers anions, resemble those in well known 

phosphates like LiFePO4. Molecular dynamics modeling has 

been used to shed light on the transport properties, inclusive 

the effect of various types of defects. 

 

Issues on up-scaling of such electroactive borates/oxides, has 

been attacked via nebulized spray pyrolysis. One key 

parameter is the very control of the oxygen activity during the 

formation of e.g. the Fe(II) compound LiFeBO3. 

 

Crystallographic data has for the borates so far been based on 

conventional and synchrotron based X-ray diffraction, whereas 

non-boron systems have in addition been studied by powder 

neutron diffraction methods.The electrochemical testing show 

that there are  major issues related to the insulating electronic 

properties of such borates/oxides, and that chemical 

modifications through substitutions, nanostructuring by turning to nm-sized particles as well as coating 

technology appear to provide viable solutions, alone or in combination.   

 

For anode materials the current focus is nano-silicon as derived from Li-Si compounds. These nm-sized 

particles and assemblies represent interesting anode materials, however, with issues like packaging and 

interconnecting being essential for stability and proper cycling capability. Various types of carbons have 

been used for optimizing packaging of the nanosilicon. The effect of Li-incorporation into Si-nanoparticles 

has been investigated by molecular dynamics simulations on Si64 nanoclusters. 

 

Fig. 2 Simulation of Li ion paths in phosphoolivine 

structure 

Fig. 3 Schematic representation of the nebulised spray pyrolysis system. 
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The key objective for our target materials and systems in relation to 

electric traction in the automotive sector is a battery that provides at 

least 1.5  times (i.e. 240 mAh/g) larger charge density than the current 

state-of-the art cathode materials. The search for radically new 

cathode materials is obviously a key priority, with subsequent coating 

and assembly. Procedures for up-scaling of materials have been 

tested out, though not yet for the prime materials as their detailed 

chemical compositions are still under investigation.  

 

The project is categorized as 

high risk. Various possible mitigations are foreseen, and a series 

of fallback materials are being secured at this stage of the project. 

The final decisions on materials for the innovation related 

activities and demonstration will be taken no later than month 24.  

Even when such decisions have been taken, the project will 

continue its function as a search engine for novel cathode 

materials.  

 

The results with respect to performance remain hard to foresee in 

detail. Nevertheless, the clear goal is to advance the knowledge 

and expertise with respect to innovative synthesis. Such results 

will manifest themselves through concepts, processes and compounds for which IP will be secured. The 

area of battery materials for future generation batteries for the automotive sector and heavy tools is of 

high socio-economic importance, as well with respect to securing a competetive edge for industry in 

Europe. 

Fig. 4 1D nanobackbones of silicone 


