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Li-rich layered metal oxides (Li-NMC) are widely preferred 

in applications requiring high voltage and high energy 

density due to their high electrochemical properties [1]. 

These materials are used as the cathode electrode in the 

lithium-ion battery and they are the most expensive part of 

the battery. Li-NMC materials have been produced by 

traditional methods such as the co-precipitation method, sol-

gel method, ion exchange method and combustion synthesis 

method. The disadvantages of these methods are the high 

calcination temperatures and longer calcination times [2]. 

Other disadvantages are the use of organic chemicals, such as 

oxalic acid, sodium carbonate, citric acid, ethylene glycol, 

ethanol and ammonia, etc. utilized during the production of 

these cathode materials [2]. In this study, the supercritical 

CO2-assisted method was investigated for the synthesis of 

Li1.2Mn0.52Ni0.20Co0.08O2. This method has enabled to 

decrease in the thermal decomposition temperature of 

lithium, nickel, manganese and cobalt nitrate salts [3]. Li-rich 

layered cathode materials synthesized in this study were 

characterized by using XRD, SEM, EDS and ICP. The 

electrochemical characterizations were carried out using 

CR2032 coin cells at room temperature. 

 

Experimental Methods 

 

The Li1.2Mn0.52Ni0.20Co0.08O2 as a cathode material was 

prepared by using the supercritical CO2-assisted method. 

First, a stoichiometric amounts lithium nitrate (LiNO3, +98% 

wt, Merck), Mn(NO3)2.4H2O (manganese nitrate 

tetrahydrate) 98.5% wt, Merck, Ni(NO3)2.6H2O (nickel 

nitrate hexahydrate) 19.7% of nickel assay in mass, 

Kimetsan) and cobalt nitrate hexahydrate (Co(NO3)2.6H2O, 

99.1% wt, Kimetsan) were dissolved and well-mixed with 90 

mL of distilled water, subsequently transferred to an 

autoclave reactor (190 mL). Secondly, CO2 gas was 

transferred to the reactor, which was placed in a temperature-

controlled water bath on a hot plate equipped with a magnetic 

stirrer (Wise Stir MSH-20D). Thirdly, the mixture was heated 

at 80°C, 2 hours with a stirring rate of 300 rpm and the 

reactor pressure was controlled by the CO2 tank which was 

set to 77 bars. The black precipitates were remained after 

removing the water at elevated temperature [3]. Then, the 

black precipitates were calcined in an oven (Protherm, PLF 

120/5) at a temperature range from 600 to 900°C for 5 hours 

in an air atmosphere. 

 

Preliminary Results 

 

Li1.2Mn0.52Ni0.20Co0.08O2 material was successfully produced 

using the supercritical CO2-assisted method. The 

charge/discharge performances of LiNMC-900 and B-

LiNMC-900 (blind sample without scCO2 utilization) 

synthesized at the same calcination conditions (900°C, for 5 

hours) were shown in Fig. 1. The reversible discharge 

capacity of LiNMC-900 remains around 221 mAh.g−1 at C/10 

and around 130 mAh.g−1 at 3C, as depicted in Fig. 1. On the 

other hand, the reversible capacity of the blind sample (B-

LiNMC-900), rapidly drops to 210 mAh.g−1 at C/10 and to 21 

mAh.g−1 at 3C. These rate capability results demonstrate that 

the B-LiNMC-900 exhibits capacity retention of 

approximately 10.00% while LiNMC-900 shows capacity 

retention of around 58.82% when increasing from C/10 to 

3C. The prelimanry result proves that the SC-CO2 assisted 

method has produced better results when compared to the 

other methods in the preparation of Li-rich layered metal 

oxides (Li-NMC). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Rate capabilities of B-LiNMC-900 and LiNMC-

900. 
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