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Layered oxide structured cathode materials have attracted the 

most attention for the high energy density Li-ion batteries. Li-

ions can easily intercalate and de-intercalate into the host 

atoms thanks to the two-dimensional spaces of the layered 

structures. Layered cathode materials such as LiCoO2 (LCO), 

LiNi0.33Mn0.33Co0.33 (NMC) and LiNi0.8Co0.15Al0.05O2 (NCA) 

are used commercially in the Li-ion battery market. However, 

there are still some limitations that affect the cyclic 

performance of these materials. In particular, the high rate 

performance of batteries related to Li-ion diffusion still needs 

to be further improved. The micro-fluidization process, which 

is based on passing the material through microchannels at high 

pressure, is a convenient way for dispersion of nanoparticles 

and producing nanosheet materials such as graphene and 

hexagonal nitride boron nanosheets [2–5]. Unlike other 

techniques, the method also can selectively reduce particle size 

and allow an oriented structure with a top-down approach. In 

the present study, we first time subjected the widely used 

layered oxide cathodes into the micro-fluidization process and 

obtained an oriented structure. Improving high-rate capacity 

retention by the size reduction along the c-axis was targeted 

within this study as Li-ion diffusion occurs along c-direction 

in layered structured cathodes [1]. The overall micro-

fluidization process was described in Figure 1.  

 

 

 
Figure 1. Schematic representation and working principle of 

the micro-fluidization process. 
 

 

 

 

Commercial LCO, NMC and NCA powders were passed into 

the micro-fluidizer (Microfluidics Corp.) at constant pressure 

(207 MPa) for several times. The crystal structure of pristine 

and micro-fluidized powders was characterized by X-ray 

diffraction (Rigaku, Miniflex 600). Structural parameters were 

analyzed by Rietveld refinement (MAUD Software [6]). It was 

seen that the peak intensity of (003) planes increased of all 

micro-fluidized cathode powders resulting in the c-axis 

oriented powders were achieved.  

 

Galvanostatic charge/discharge tests were performed to see the 

long-term stability and rate capability of pristine and micro-

fluidized powders. While micro-fluidization does not help the 

first-discharge capacity and rate capability of NMC and NCA 

powders, remarkable improvement was observed for micro-

fluidized LCO material. To further explain the reasons behind 

the improvements, scanning electron microscope (SEM), 

transmission electron microscope (TEM), cyclic voltammetry 

(CV) and electrochemical impedance spectroscopy (EIS) 

analysis were carried out.  
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