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The development of non-precious metal catalysts 
(NMPCs) to replace high-cost Pt catalysts is mainly 
focused on oxygen reduction reaction (ORR) because of 
its sluggish reaction kinetics. Previous reports examined 
that the heat treatment at 400 ~ 1000 oC derived transition 
metal-nitrogen bond coordinated with carbon structure 
(Me-N-C) exhibits ORR activity in various pH conditions 
[1-5]. However, the current developed NMPCs have poor 
ORR activity than Pt catalysts.  

Nanofiber structure has a great potential to improve 
the catalytic activity due to its large surface area to 
volume ratio. It has also high porous structure for efficient 
diffusion of gaseous reactants. So, electrospun PAN based 
carbon nanofiber (CNF) catalysts containing transition 
metal have attracted attentions in recent dates [6-11]. 
Electrospun PAN nanofiber has been commonly used as a 
precursor for commercial CNF. When transition metal is 
added to PAN nanofiber, transition metal and nitrogen 
species of PAN make an ORR active Me-N-C complex 
within graphitic carbon structure after heat treatment at 
high temperature above 700 ° C.  

The contents and chemical state of transtion metal 
and nitrogen species are very significant factors in 
enhancing ORR activity of Me-N-C complex type 
catalysts. It is predicted that the ORR activity would be 
improved by increasing the contents of them. The 
beneficial effects of nitrogen contents on ORR activity 
were verified by conducting heat-treatment under nitrogen 
containing gas condition, such as NH3 [9,10]. However, 
effects of transition metal contents in CNF on ORR 
activity are somewhat unclear. 

In this study, nanoporous Co-CNF catalysts for ORR 
were synthesized by electrospinning and following heat 
treatment technique using PAN and cobalt as precursors. 
And then, we investigated effects of cobalt contents and 
chemical state of nitrogen in CNF on structural 
characteristics and ORR activity in alkaline media. 

After heat treatment, PAN was transformed to 
graphitic carbon structure, and Co nanopatricles of 20~50 
nm embedded in graphitic carbon shell were observed. As 
higher the Co contents, the amount of Co nanoparticles in 
graphitic carbon structure increased. CNF without Co 
have a little catalytic activity in 0.1 M KOH solution. 
And, it catalyzed 2-electron involved oxygen reduction 
reaction. However, Co nanoparticles embedded CNF 
exhibited surprising high ORR activity comparable with 
commercial 20 wt.% Pt./C catalyst. Their ORR activity 
increased with Co contents in the graphitic CNF. And, 
they catalyzed almost 4-eletron involved oxygen 
reduction. It is predicted that Co-N bond and Co 
nanoparticles neighboring with graphitic carbon structure 

increase the kinetic property by catalyzing the 2x2 serial 
oxygen reduction reactions in alkaline media. Co addition 
in CNF has beneficial effects on ORR activity by 
formation of active sites 1) Co-Nx site, and 2) Co/CoxOy 
phase particles according to dual site mechanism in 
alkaline media [12]. 

 
 

 
Fig. 1 TEM images of CNF and Co containing CNF 
catalysts 
 
 

 
Fig. 2 Measured ORR activity of CNF and Co containing 
CNF catalysts in 0.1 M KOH solution.  
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