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Versatility of wet-chemical synthesis 
for lithium ion battery electrode 
materials
SolSThore - Activity 2 - Development of an Electrochemical 
Storage Solution, from Materials to Battery
Introduction
As the fraction of the energy on the grid, originating from renewable sources such as PV and windmills increases, domestic stationary electrochemical 
energy storage systems (batteries) can improve the way we are able to utilise this energy. It allows us to alleviate the intermittent character of these 
energy sources, as energy can be buffered during peak generation times and consumed at a later time when demand is high and generation is low. 
Furthermore, it also lowers peak demands on the grid, as locally harvested and stored energy can be used. Innovative synthesis and engineering of 
electrode materials help power these goals. They allow tailoring the materials to specific applications and enable the use of novel battery architectures.

Wet-Chemical Synthesis
Within the Inorganic and Physical Chemistry group at Hasselt University, we have an expertise in wet-chemical synthesis, which enables us to synthesize 
Li ion battery electrode materials using a variety of synthesis routes, depending on desired properties (e.g. particle size, particle morphology, surface 
functionalization) and boundary conditions (e.g. synthesis/processing temperature constraints). We hereby present a brief overview of some selected 
results.
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Aqueous Solution-Gel
An aqueous solution containing metal ions of the desired 
composition (in their corresponding ratios) is prepared. For 
phosphate compounds, such as the olivines LiFePO4 (LFP) 
and LiMnPO4 (LMP), e.g. phosphoric acid can be added as a 
PO4

3- source. The metal ions are stabilized in this solution 
by the addition of complexing agents (e.g. citric acid), while 
controlling pH (e.g. via addition of ammonia). After water 
evaporation, a gel is 
obtained, in which the 
metal ions are mixed 
at the atomic level, 
which is then annealed 
to decompose 
complexing agents 
to form the desired 
phase.

In case of olivine materials such as LFP, the thermal 
treatment usually takes place in inert atmosphere to 
prevent oxidation of Fe2+ to Fe3+. Furthermore, in this 
case, the organics are not decomposed completely, as an 
amorphous carbon phase is formed, which in this case 

forms a conductive coating around the LFP particles, which 
significantly enhances conductivity in electrode coatings of 
this otherwise intrinsically low-conducting material. This 
results in the appearance of a carbon D- and G-band in 
a Raman spectrum. We synthesized LFP via an aqueous 
solution-gel precursor route at 650°C [1].

Combustion
This synthesis route resembles aqueous-precursor 
solution-gel synthesis. However, in this case, an exothermic 
reaction occurs in the precursor itself upon heating the dried 
precursor powder. This is a redox reaction (self-ignition) 
between a fuel and oxidizer present in the precursor, which 
generates high local temperatures, enabling decomposition 
of the precursor and fast crystallization of the desired phase 
at a low macroscopic temperature, making combustion 

synthesis a cost-effective method. Amounts of oxidizer and 
fuel need to be balanced carefully, as the combustion energy 
should be high enough to overcome the energy of formation 
of the desired product.

We developed a combustion synthesis, which results in 
crystalline Li4Ti5O12 (LTO) in a manner of minutes at only 
300°C, in comparison to solid-state reactions and sol-gel 
routes which require temperatures around 800°C for hours 
[2]. The resultant 200-300nm LTO particles form 1-2 µm 
agglomerates with good rate capability and cyclic stability 
features in coin cell battery tests.

Precipitation

Precipitation is induced in an (aqueous) solution containing 
all (other) reagents (e.g. by changing pH). While phase-pure 
precipitation might be less flexible towards compounds 
it facilitates the synthesis of, it can be an easy and 
energy-friendly low-temperature synthesis route.

Crystalline LMP was synthesized at a temperature of 
only 100°C. It takes, however, a great understanding of 
all equilibria at play, to calculate and determine the specific 
conditions at which the desired compound is obtained [3]. 
Submicron and nanoparticles can be obtained. The TEM 
images show that particle size and morphology can be 
engineered significantly by modifying synthesis conditions 
or by adding surfactants (CTAB added for the TEM image 
on the right).

Thermal Decomposition
In this synthesis, organic salts of the metal ions (e.g. 
acetylacetonates or acetates), necessary for the synthesis 
of the desired compound are dissolved in a suitable 
organic solvent, which commonly contains a combination 
of oleic acid and oleyl amine as surfactants. The mixture 
is heated to a temperature at which the organic anions 
decompose. This results in the formation of nuclei, which 
give rise to highly monodisperse nanoparticles with a 
high colloidal stability, made possible by the separation 
of nucleation and growth in function of temperature and 
the use of surfactants. Nanoparticle electrode materials 
help to significantly increase electrode performance of 
intrinsically low conducting materials, as it reduces the 
electronic conducting pathways as well as the Li ion 
diffusion distances. LMP nanorods were obtained using a 
thermal decomposition synthesis at the low temperatature 
of 280°C.

Surface Modification
The surface of (existing) electrode particles can be coated 
or modified to increase electrochemical performance 
and/or compatibility. Here, we performed a Ti doping on 
LiNi0.5Mn1.5O4 (LNMO) particles via a sol-gel approach 
(titanium butoxide based hydrolysis and condensation), 
followed by a high temperature anneal.

The Ti4+ cations diffuse from the sol-gel preformed 
amorphous ‘TiOx’ layer into the LNMO surface during the 
annealing at 500°C, forming a 2-4 nm thick Ti-doped 
surface layer pertaining the spinel structure (shown in 
the STEM-EDX mapping image). The Ti surface-modified 
LNMO shows a superior cyclic stability, coulombic efficiency 
and rate performance compared to bare LNMO samples. 
We attribute this to the Ti surface doping suppressing Ni 
and Mn dissolution into the electrolyte [4].


