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Recently, ambient temperature sodium-ion batteries start to gain 

attention as a promising alternative to lithium-ion batteries mainly 

because of the high abundance and low cost of sodium resources. 

Hence, sodium-ion batteries are promising alternative to lithium-ion 

batteries. However, current sodium-ion batteries face the challenges 

of low energy density and inadequate cycling stability, and they still 

cannot be used in practical applications. As a result, it is critically 

important to develop new sodium-ion battery materials with 

increased capacity and improved cycling stability for smart electric 

grids and stationary energy storage that will potentially use sodium-

ion batteries as the power source. Materials capable of alloying with 

sodium have received great interest in the search for anodes with 

high density for SIBs. In fact, many metals and nonmetals of Group 

IVA and VA of the periodic table such as Sn, Sb, Bi, Si, Ge and P 

provide high theoretical capacity values due to the multiple electron 

exchange related to the alloying process at an average operating 

voltage below 1.0 V. However, they have serious issue about 

structural changes based on cycling related to large volume 

expansion and consequent electrode disintegration, loss of electrical 

contact and capacity fading. The large volume changes of these 

materials create critical problems in their applications in SIBs.[1],[2],[3] 

 

Among them, metallic Sn has high theoretical specific capacity of 

847 mAh/g from the alloying reaction (4Sn + 15Na → Na15Sn4), one 

of the most promising anode materials. Also, being low cost and 

environmentally friendly make Sn quite advantageous  as anode 

material. However, this theoretical capacity obtained from the phase 

transformations (NaSn5, NaSn, Na3Sn and Na15Sn4) with the huge 

volume expansion of 420% during alloying reaction leads to particle 

pulverization/exfoliation and hence detrimentally damaged electrode 

structure and rapid capacity fading of these materials. In addition, the 

unstable SEI is formed while Na+ insertion/extraction. Currently, in 

order to overcome these problems, using the nanoscaled active 

materials and combining them with carbon structures are two most 

studied approaches for alleviating the volume expansion problem, 

which adopts to the large volume change and increase the interfacial 

area of contact between electrodes with electrolyte, and provides 

enormous conductivity by means of carbon matrix. [4],[5] 

 

The current study includes development of carbon encapsulated Sn 

nanoparticles as anode materials for NIBs produced by RF thermal 

plasma in which carbon coating was  

achieved by co-feeding Sn powder and different amounts of 

acetylene gas into the thermal plasma reactor. Here, the constant 5 

g/min of flow rate of Sn powder was fed to the reactor with Ar as 

carrier gas. Acetylene was fed to the carrier gas at the 0.2, 0.4, 0.6 

and 0.8 slpm flow rates.  

Particles were characterized structurally by X-ray diffraction (XRD). 

Also, they examined using field emission scanning electron 

microscope (SEM) for morphological observations.  

 
Figure 1. (a), (b) SEM image and (c) XRD pattern of carbon 

coated Sn nanoparticles with 0.8 slpm flow rate of acetylene. 
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