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ABSTRACT 

High performance hybrid supercapacitor is constructed using self-doped polyaniline (SDPA) and activated carbon 

(AC) as positive and negative electrodes, respectively. Different electrochemical methods including cyclic 

voltammetry and galvanostatic charge-discharge are carried out in aqueous media in order to characterize 

electrochemical performances of the hybrid asymmetric supercapacitor AC/SDPA. The maximal cell voltage was 1.5 

V associated with 69 Ah kg-1, 230 Fg−1 and an equivalent series resistance (ESR) below 2 Ωcm2. These encouraging 

results show the opportunity to develop large cells using this design with low cost materials. 

 
 

INTRODUCTION 
Electrochemical capacitors, so-called “supercapacitors”, 
are considered as one of the newest innovations in the 

field of high power electrical energy storage systems 

[1]. Nowadays, two main strategies have been employed 

to improve the energy characteristics of the 

supercapacitors. One of them is concentered mainly on 

the application of nano-sized materials because of their 

unique physical and chemical properties. High surface 
area of such materials makes the supercapacitors have 

higher specific capacitance than micro-sized materials 

based supercapacitors. It is due to more participation of 

higher percentage of the electroactive materials and 

rapid ion diffusion which results in fast redox switching. 
The other strategy in order to improve the energy 

characteristic of the supercapacitors is increasing its 

working voltage window [3], which obtainable in nano-

structured materials. 

In continuation our recent studies on the electrical 

energy storage systems [2, 4-10] in this work; we 

introduce a new supercapacitor assembly of SDPA 

nanofibers and AC in low acidic solution ZnCl2 and 
NH4Cl aqueous media. 

Experimental 

Activated carbon (AC), reagent grade m-aminobenzoic 

acid and aniline were obtained from Merk or Fluka. 

Aniline was doubly distilled and kept under argon in 

darkness at 5 °C. HCl, NH4Cl and ZnCl2 were prepared 

from Merk as analytical grade chemicals. Doubly-

distilled water was used to prepare all solutions. An 

Autolab PGSTAT 30 instrument (Eco-Chemie, The 

Netherlands) was used for electrochemical depositions 

and measurements. Electrodeposition of SDPA was 

carried out in a conventional three electrode cell.  The 

stainless steel (SS, grade 304, 0.5 mm thick) plate (2 cm 

× 2 cm) was used as the working electrode, a Pt plate 

and Ag/AgCl (KCl, saturated) were utilized as counter 

and reference electrodes, respectively. Scanning 

electron microscopy (SEM) was performed with a 
Philips instruments, Model X-30. All experiments were 

carried out at 25 °C in an air-conditioned room. SDPA 

nanofibers were potentiostaticaly deposited on the SS 

plate at the potential of 0.8 V vs. Ag/AgCl in an 

electrolyte solution of 1M HCl + 0.05 M Aniline + 0.05 

M m-aminobenzoic acid. To evaluate the quantity of the 

active material onto the plates, the SS electrodes were 

weighed before and after SDPA coating procedure. 

Results and discussion 

Fig. 1 shows the SEM of SDPA thin films. As it is 

seen, the SDPA film consisted of uniform nanofibers 
with diameters in the range of 70 to 90 nm. Formation 

mechanism of the SDPA nanofibers can be described 

using the classical theory of nucleation and growth. 

Fig. 2 shows the cyclic voltammogram of the hybrid 

supercapacitor AC/SDPA at scan rate of 5 mV s-1 in the 

potential range of 0.4 to 1.5 V and in 1.0 M ZnCl2 and 
0.5 M NH4Cl as electrolyte solution. As it is shown in 

Fig. 2, the hybrid supercapacitor AC/SDPA represents a 

parallelogram box-like shape between 0.4 to 1.5 V and 

exhibits   high   quality   supercapacitive  behavior  with  
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Fig. 1 Scanning electron micrographs of self-doped 

polyaniline nanofibers. 

 

excellent reversibility. In this hybrid system, charge 

storage mechanism consists of both th faradaic and the 

non-faradaic processes. During the charging process, 
SDPAred (positive pole) is converted to SDPAox and 

electrons flow to negative electrode (AC). Then, 

according to charge neutrality, positive ions are 

absorbed onto the carbon negative electrode -non-

faradaic process- to balance its charges. 

 
Fig. 2 Cyclic voltammograms of the hybrid 

supercapacitor AC/SDPA in 1.0 M ZnCl2 and 0.5 M 

NH4Cl solution at scan rate of 5 mV s-1. 

 

Fig. 3 shows the galvanostatic discharges of the 

hybrid supercapacitor AC/SDPA at different discharge 

current densities between 2.5 to 20 mA cm-2 in the 

potential range of 0.4 to 1.5 V. 

It should be mentioned that in an asymmetric 

supercapacitor with two different electrodes in series, 
the total (cell) capacitance, CT, is described by [10]: 

NegativePositiveT CCC
111   

where CPositive and CNegative refer to the capacitances of 

the positive and negative electrode. If C negative» Cpositive, 

then CT=Cpositive. Based on this assumption the high 

capacitance of 230 Fg−1 (equal to 69 Ah kg-1) was 

obtained. As it is seen (Fig. 3), the potential dropped 

sharply at the beginning of each experiment, 

proportional to the internal resistance (ESR) which 

includes the electrode and electrolyte solution 

resistance. It could be calculated according to R (Ω) = 
(Echarge-Edischarge)/2I, where I, Echarge and Edischarge are 

the applied constant discharge current (A), the cell 

voltage at the end of charge and at the beginning of 

discharge (V), respectively.  

 
 

Fig. 3 Galvanostatic charge-discharge curves of the 

hybrid supercapacitor AC/SDPA at a various constant 

current density of 2.5 to 20 mA cm-2 into 1.0 M ZnCl2 

and 0.5 M NH4Cl solution. 

 

 This gives average value of 2 (Ω) for hybrid 

supercapacitor AC/SDPA at constant charge-discharge 

current density of 2.5 mA cm-2. 

 

Conclusions 

Potentiostatic method was employed for synthesis of 

the self-doped polyaniline nanofibres. The prepared 

SDPA nanofibers were used for construction of a new 
hybrid supercapacitor (AC/SDPA). Based on the 

obtained results, the hybrid supercapacitor AC/SDPA 

reveals the specific energy of 69 Wh kg-1 and the 

specific power of 3.2 kW kg-1 at a constant current 

density of 2.5 mA cm-2. These results suggest that the 

SDPA nanofibers feature good performances as a newly 

positive electroactive material in the high voltage hybrid 

supercapacitors in the low acidic solutions. 
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