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Introduction 

The Lithium ion cathode more widely spread is Li(Ni1/3Mn1/3Co1/3)O2, nevertheless 

more recently, research efforts have been targeted towards the development of new 

cathode compositions due to the high costs and toxicity associated with Cobalt.[1] 

The Li(NixMnyCo1-x-y)O2 cathode has received much interest as it is associated with 

lower manufacturing costs, fewer toxicity, higher capacity. Such cathode can be 

obtained by calcination of the precursor NixMnyCo1-x-y(OH)2 (NMC hydroxide) mixed 

with LiOH. It was shown that NMC oxide maintains the morphological characteristics 

of the precursor, for this reason it is important to study the precipitation process that 

leads to formation of particles of NixMnyCo1-x-y(OH)2, and the effects of the synthesis 

condition and mixing on the morphological characteristics of particles formed. 

The NMC hydroxide can be synthesized by coprecipitation of the transitional metal 

salts, via wet synthesis, in presence of ammonia. This process consists of mixing the 

metal sulphate solutions with an ammonia solution and a basic solution.[2] 

M2+ + n NH3  →  [M(NH3)n]
2+ 

[M(NH3)n]
2+ + 2OH-            M(OH)2 + nNH3  

However, limited experimental data are available in the literature on this 

coprecipitation process and on the resulting primary particle characteristics, i.e. 

particle size distribution (PSD), surface area and porosity. 

In this work we propose a systematic characterization of the coprecipitation 

processes to obtain NixMnyCo1-x-y(OH)2 in order to investigate the nucleation and 

growth mechanism. 

Materials and methods 

The NMC hydroxides were precipitated through a coprecipitation synthesis process 

which was carried out within a microscale multi-inlet vortex mixer. This micromixer 



was fed up with the metal sulphates, ammonia and NaOH solutions; the outlet stream 

was collected and quenched for further characterisation. Different ratios between 

metal, ammonia and NaOH were tested; effects of initial conditions, such as total 

concentration of the chemical species as well as the flow rates synthesis were 

investigated.  

Results and discussion 

The resulting particles were characterized to evaluate PSD, morphology and 

composition. The evolution of the mean particle size with initial solution concentration 

and different ratio [M2+]:[NH3]:[NaOH] were investigated.  

Regarding the shape of the primary particles, it is observed in Figure 1, that at low 

initial total metal concentrations crystals are more spherical, while as the 

concentration increases the crystals tend to grow in one preferential direction. In fact, 

rod-like crystals formed at an initial total metal concentration of 2 M. This means that 

as the concentration increases, one-directional growth. 

a)                       0.02 M b)                         2 M 

 

 
 

 

Figure 1: FESEM images for sample prepared at [M2+]:[NH3]:[NaOH] = “1:1:2”, at inlet 

flow rate of 70 mL/min and under different initial total metal concentration: a) [M2+] = 

0.02 M and b) [M2+] = 2 M. 

Regarding the flow rate, is observed that the mean secondary particle size decreases 

while increasing the flow rate. This can be explained by the fact that higher flow rates 

result in better and faster mixing, resulting in turn in higher nucleation rates and 

smaller particles, even if an increase in flow rate leads also to more aggregation. The 

resulting effect is the reduction of the mean secondary particle size with the flow rate. 

This trend is observed for the three different concentration ratios [M2+]:[NH3]:[NaOH] 

tested. 



 

 

Figure 2: Mean secondary particle size (a) and SPAN (b) versus the flow rate for 

[M2+]:[NH3]:[NaOH] = “1:0.5:2” (black squares), “1:1:2” (red circles) and “1:2:2” (blue 

triangles). For all cases, the initial total metal concentration [M2+] was equal to 1 M. 

Additionally, the effect of the flow rate on polydispersity, the SPAN number is 

reported in Figure 2 b, the diminution represents a more monodisperse sample. The 

higher flow rates produce better and faster mixing within the micromixer, resulting in 

more uniform and spatially homogeneous supersaturation distributions, producing 

particles characterized by narrower PSD. 

Conclusions 

Initial synthesis conditions have an important effect in this very fast coprecipitation 

process. Initial total metal concentration and turbulent mixing within the micromixer 

plays a crucial role in determining the effective concentration of free metal (i.e. Ni2+, 

Mn2+, Co2+) cations and of metal-ammonia complexes, i.e. Ni(NH3)n
2+, Mn(NH3)n

2+ 

and Co(NH3)n
2+, which in turn determines the actual supersaturation ratio.  

Furthermore, the initial total metal concentration influences the relative importance of 

nucleation, molecular growth and aggregation rates, as this is directly related to the 

resulting supersaturation ratio. 

In summary, the initial total metal concentrations influence predominantly in the 

shape of the primary particles, at higher concentration rod-like crystals are formed. 

While, faster mixing in the micromixer, leads to precipitates with a lower mean 

secondary particle size characterized by narrower PSDs (i.e. smaller SPAN 

numbers), due to a higher nucleation rates. 
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