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Worldwide efforts have been devoted to promoting the use of 

renewable energy sources and hybrid/electric vehicles.  

Supercapacitors play a key role in developing efficient, low-

cost, and safe energy storage systems, as they can provide 

high specific power and long cycle life. Over the past 

decades, many advanced electrode materials and novel three-

dimensional (3D) architectures have been studied to improve 

the specific energy of supercapacitors. Graphene-based 

materials are the prime candidates being considered due to 

the large theoretical surface area (2675 m2 g-1), excellent 

electrical conductivity, and high theoretical capacitance 

(∼550 F g-1) of graphene. However, in practice, the graphene 

sheets are prone to restack, leading to low specific 

capacitance. Recent studies have shown that the design of 

different morphologies (e.g., porous 3D structures, hydrogels, 

and aerogels) and the doping of heteroatoms (e.g., nitrogen, 

oxygen, boron, and fluorine) can effectively reduce the 

restacking and increase the specific capacitance of graphene 

up to 500 F g-1 [1]. The heteroatoms not only provide 

additional pseudocapacitance but also increase the surface 

wettability and the electrical conductivity, enhancing the 

overall electrochemical performance.  

 

In contrast to the general approach, which requires the use of 

external templates or toxic heteroatom precursors, this work 

presents a straightforward self-template methodology for the 

synthesis of 3D Fe/O co-doped graphene structure with many 

folds and wrinkles [2,3]. The interfacial tension between 

negatively charged oxygen functional groups and Fe3+ ions 

(released from acid-etched Fe2O3 particles) during the 

hydrothermal reaction (Fig. 1) is responsible for the self-

templating process. The Fe atoms remained in the structure 

provides additional active sites for redox reactions. 

 

 

 
Figure 1. Schematic representation of the reaction mechanism 

of self-template synthesis of crumpled graphene. 

 

 

 

 

 

With the synergistic effect of pseudocapacitive Fe/O moieties 

(18.2 wt.% O and 0.9 wt.% Fe) and hierarchical network for 

fast ion diffusion, 3D Fe/O co-doped graphene exhibited 

excellent capacitive properties, including a high specific 

capacitance (425 F g-1 at 0.25 A g-1), high rate capability 

(71% retention at 20 A g-1), and high cycling stability (5000 

charge-discharge cycles at 10 A g-1) using 1M H2SO4 

electrolyte in a three-electrode system.  
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