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Lithium-ion batteries (LIBs) have cornered the energy 

storage market for portable  electronics and electric vehicles 

(EVs) because of their high energy density for decades [1]. 

LIB used in electric vehicle applications rely on two main 

cathode compositions transition metal (TM), layered LiNi1-x-

yCoxAlyO2, (x + y <0.2) (NCA) and LiNixMnyCozO2, (x + y + 

z = 1) (NMC) [2]. Both NMC and NCA contain cobalt, an 

expensive and scarce metal generally believed to be essential 

for their electrochemical performance[3].  Leading battery 

manufacturers are trying to further reduce their production 

costs by eliminating cobalt dependence in their cathode 

materials[1]. Rapidly reducing global cobalt reserves have 

also fueled a supply chain constraint that is slowly starting to 

threaten future projections of the electric vehicle market [4]. 

Thus, it is necessary to develop a stable and high energy 

density Co-free high-Ni layered oxides through doping and 

substitution of various elements with a proper amount. 

 

Owing to the superior mechanical property and 

electrochemical performance, graphene is intensively studied 

as energy-storage material. However, graphene, stacking by a 

single layer or more of sp2 hexagonal carbon atoms, exhibits 

an extremely lower electrochemical capacitance than the 

anticipated value. To overcome this, one solution is to 

engineer two-dimensional graphene sheets to three-

dimensional (3D) structure [5]. Ultra-low density and highly 

porous 3D graphene aerogels preserve the essential properties 

of graphene sheets and also prevent re-stacking of individual 

sheets. 

 

In this study, LiNi0.8Mn0.15Al0.05 (NMA), which is stable in 

terms of materials science and electrochemistry, does not 

contain cobalt and has a cheap high Ni ratio, was produced.  

Nma nanoparticles were synthesised via sol-gel method as a 

cathode active material.  Graphene oxide was synthesized via 

modified Hummers method. A solution with a solid content 

of 3 mg mL was prepared by the method. Graphene was 

prepared using ascorbic acid as the reducing agent. Then 

synthesized NMA powders were dispersed with 

ultrasonication. A 3D porous conductive graphene aerogel 

wrapped LiNi0.8Mn0.15Al0.05 nanoparticle composite has been 

successfully prepared. The designed porous conductive 

network not only offers plenty of pores to store electrolytes 

and increase the electrode/electrolyte contact area, but also 

improves the conductivity of the whole composite, which 

facilitates rapid diffusion of both Li+ and electrons and 

accommodates well the volumetric change during the Li+ 

insertion/deinsertion process.  

 

The morphologies of the NMA and NMA/GA were imaged 

by FE-SEM and are illusrated in Fig. 1 (a),(b). It can be seen 

that GA has three-dimensional porous structures. Fig 1(c) 

shows EDS EDS Spectra of NMA/ GA/ To investigate 

structures of nca and NMA/GA, X-ray diffraction (XRD) 

technique was used and Fig. 1 (d) shows these XRD pattern.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1. the style to be used for graphs. 

 

Fig1: (a) FE-SEM image of NMA (b) FE-SEM image of 

NMA-GA c) Eds pattern of NMA-GA (d)XRD spectra of 

NMA and NMA-GA. 
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