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In this study, lignin-based electrospun nanofiber 
networks were prepared. The obtained networks were 
carbonized at different temperature. The effects of the 
carbonization temperature on chemical composition, 
microstructure as well as electrochemical properties 
of the final carbonized nanofiber networks were 
studied. Due to the growing market of portable 
electrical equipment and electrical vehicles, demands 
for energy storage devices, such as supercapacitors, 
pseudocapacitors as well as batteries, are increasing 
rapidly.[1] However, as results of tremendous 
environmental issues caused by electrodes used today, 
researchers and the associated industries are striving 
for new electrode materials to be implemented. 
Lignin, the second most abundant biopolymer on 
Earth, contributes to 15 – 25 wt% of dry wood. It has 
been long seen as a low-value byproduct from the 
pulping industry.[2] However, as the only natural 
polymer resource containing aromatic units, lignin is 
an excellent candidate to be converted to carbon 
materials e.g. carbon fibers. Therefore, we use 
electrospinning to prepare lignin-based nanofibers. 
Poly (vinyl alcohol) (PVA) was added in the lignin 
aqueous solution to increase the viscosity of the 
system and work as a binder. The as-spun nanofiber 
network was then stabilized at 220 °C and carbonized 
at 800 °C, 1000 °C, 1200 °C as well as 1400 °C, 
respectively.  
 

According to the carbonization temperature, the 
carbonized networks are coded as Carb800, Carb1000, 
Carb1200 and Carb1400. The structure of the as-spun 
nanofiber network under scanning electron 
microscopy is shown in Fig. 1. The nanofibers are 
ultrathin (with approximately 180 nm in diameter) but 
smooth and continuous. The networks remain intact 
after carbonization but the fiber diameter decreases. 
The specific capacitance of the carbonized networks 
as electrode in a supercapacitor was also studied and 
the galvanostatic charge/discharge measurements at 
1A/g were shown in Fig. 2. It is seen that Carb1000 
has the best specific capacitance among all the 
samples. Cyclic voltammograms of Carb1000 is also 
shown in Fig. 3. With a scan rate of 5 mV/s, Carb1000 
has a specific capacitance of 241 F/g, which is 
competitive to most of the lignin-based carbon 
electrodes reported without any activation or addition 
of conductive polymers.[3] 
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Fig. 1 Scanning electron microscopy images of the as-spun, 
stabilized nanofiber networks. Morphology of Carb800, 
Carb1000, Carb1200 and Carb1400 is also shown. 

 

 
Fig. 2 Galvanostatic charge-discharge curves of Carb800, 
Carb1000, Carb1200 and Carb1400 under a current density 
of 1 A/g. 

 

 
Fig. 3 Cyclic voltammograms of Carb1000 with different 
scan rates. 
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