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Among energy storage devices electrochemical 
capacitors (EC) stand out with high power densities, 
while battery and fuel cells have been used in 
applications requiring high energy density. There are 
numerous active materials developed for EC usage, 
transition metal phosphides are one of the most 
promising ones among them [1]. They react with OH- 
ions in the alkaline electrolyte like transition metal 
oxides; however, their electrical conductivities are 
generally higher compared to that of oxides. This 
character provides better power densities in 
electrochemical capacitors compared to the oxides [2]. 
 
In this study, composite structure is created with the 
bimetallic transition metal phosphides (TMP) 
decorated on the most commonly used material, 
activated carbon (AC), in electrochemical capacitors. 
Its structure is suitable for forming an electrical double 
layer, and thus, to yield superior properties in 
electrochemical capacitors. This nanocomposite 
structure was obtained by using the phosphorous 
functional groups left over on the surface of AC during 
phosphoric acid treatment in the activation process of 
biomass. Therefore, during AC production, phosphoric 
acid activation was used. After AC production stages 
are finished, a second impregnation was applied with 
transition metal salts and reduction was carried out at 
high temperature under Ar-H2 gas mixture. As 
transition metals, nickel, manganese, copper, iron and 
cobalt were used. In this way, two different charge 
storage mechanisms resulting from double layer 
formation on the activated carbon surface and redox 
reactions on the bimetallic TMP surface is used 
together. 
 
Cyclic voltammograms of the AC/bimetallic TMP 
structures are given in Figure 1. The redox reactions 
are seen in the potential range of 0.2 – 0.6 V range, as 
it is evident from the oxidation and reduction peaks. 
Nickel is kept constant in the TMP’s, the others are Cu, 
Mn and Co. The area under the CV curve of Co-Ni 
composite is the biggest; therefore, it is the most 
promising one in EC usage. Furthermore, redox peaks 
are more localized in Cu-Ni composite whereas it is 
wider in Co-Ni composite, indicating more than one 
redox mechanism in Co-Ni composite.   

 
 
 
 
 
 
 
 

 

 

 

Figure 1. CV of AC/Bimetallic TMP composites. 

 

LSV curves the AC/bimetallic TMP structures are given in 

Figure 2. Fe-Ni composite structure is the most promising 

one for OER catalyst applications according to this figure, 

since the overpotential of this reaction is clearly smaller on 

Fe-Ni. 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 2. LSV of AC/Bimetallic TMP composites. 
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