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Abstract: Activated nitrogen-enriched carbon/carbon aerogel nanocomposites (ANC/ACA) were prepared by synthesis of melamine 
resin/carbon aerogel composites, carbonization and KOH activation. Novel asymmetric supercapacitors consisting of 
Ni(OH)2/Co(OH)2 as anode and ANC/ACA with different composite ratios as cathode were assembled. The influence of composite 
ratio on electrochemical performances of materials was detected by cycle voltammetry (CV) and galvanostatic charge/discharge 
methods. The results of XPS and SEM show that N atoms exist in the ANC/ACA and ANC/ACA shows nanometer and honeycomb 
structure with more pores. When the composite ratio of ANC/ACA is 121׃, the ANC/ACA shows the highest Cp1 (312.8 F/g) vs 
103.4 F/g of ACA and 230.1 F/g of ANC. And the optimal asymmetric supercapacitor with the ANC/ACA as cathode also shows the 
best electrochemical performances. The optimal supercapacitor is stable over 100 cycles. When the current density is 50 mA/cm2, the 
Cp2, Ep and P of the optimal supercapacitor are still 57.3 F/g, 9.0 W·h/g and 1 302.1W/kg, respectively. 
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1 Introduction 
 

Supercapacitors have received considerable amount 
of attention over the last few years because of their use in 
high specific power storage devices[1−4]. Now, kinds of 
carbon materials were widely studied as electrode 
materials for supercapacitors[5−8], but their capacitance 
(Cp) is not high because of the limit of the carbonic 
structure. In order to improve their Cp, in recent studies 
the nitrogen functional groups were introduced into 
carbon materials, and these electrochemically active 
centers will contribute to the overall Cp with 
pseudocapacitance that generally originates from the 
faradaic interactions between the ions of electrolytes and 
carbon electrode surface[9−13]. LOTA et al[14] reported 
on capacitors, of which electrodes were prepared by 
pyrolysis of nitrogen-containing polymers blended with 
coal tar pitch and subsequent activation. JUREWICZ   

et al[15] also observed the improved capacitive behavior 
of various carbon materials subjected to the 
ammoxidation process, i.e. a treatment of nitrogen-free 
carbons with an ammonia/air mixture, in which the 
nitrogen groups were introduced mainly to the surface of 
carbon at a concentration of about 2% (mass fraction). 

Now, the obtained nitrogen-enriched carbon (NC) 
has relatively low nitrogen content. How to take full 
advantage of nitrogen atoms of NC and improve its Cp is 
very significant. In this work, carbon aerogels(CA) with 
high specific surface and high conductivity were 
introduced as the carrier of NC and novel activated 
nitrogen-enriched carbon/carbon aerogel nanocomposites 
(ANC/ACA) with different composite ratios were 
prepared. Novel asymmetric supercapacitors consisting 
of Ni(OH)2/Co(OH)2 as anode and ANC/ACA as cathode 
were assembled. The electrochemical performances of 
ANC/ACA and their supercapacitors were detected in 
order to study the possibility of ANC/ACA as electrode  

                       
Foundation item: Project (LBH−Z07090) supported by the Postdoctoral Foundation of Heilongjiang Province, China; Project(11541267) supported by the 

Education Department of Heilongjiang Province, China; Project(QL200422) supported by Young Science Foundation of Heilongjiang 
University, China 

Corresponding author: QIN Chuan-li; Tel: +86-451-86608131; E-mail: chuanliqin@163.com 



QIN Chuan-li, et al/Trans. Nonferrous Met. Soc. China 19(2009) s738−s742 s739
 

materials of supercapacitors. 
 
2 Experimental 
 
2.1 Preparation of activated carbon aerogels(ACA), 

ANC and ANC/ACA nanocomposites 
Resorcinol (R), formaldehyde (F), distilled water, 

NaCO3 were mixed at certain mass ratio, then the 
mixture was cured at room temperature for 24 h and at 
85 ℃ for 96 h. The solvent of got gels was exchanged 
with the acetone and then gels were dried at ambient 
temperature and pressure. Subsequently, the resultant RF 
aerogels were heated (5 ℃ /min) to 900 ℃  and 
carbonized at 900 ℃ for 3 h and then cooled in a 
nitrogen atmosphere to form CA. 

Melamine, distilled water, formaldehyde and 
NaCO3 were mixed at a certain mass ratio. The mixture 
was heated to 80 ℃ for 0.5 h after being stirred and 
cured for 24 h at room temperature. The white 
precipitates were filtered, washed and dried at 100 ℃ to 
form the melamine resin. The melamine resin and CA 
were evenly mixed in the distilled water by ultrasonic 
wave for about 20 min. The obtained melamine resin and 
melamine resin /CA composites were heated (10 ℃/min) 
to 750 ℃ for 1 h and carbonized, then cooled in a 
nitrogen atmosphere to form NC and NC/CA. 

Finally, activation was applied to obtain CA, NC 
and NC/CA. CA, NC and NC/CA were respectively 
mixed with KOH at a mass ratio of 51׃ and some 
distilled water was added into the mixture slowly. After 
being heated at 120 ℃ for 48 h, the ground mixture was 
heated (10 ℃/min) to 800 ℃ and was activated at  
800 ℃ for 1 h in a nitrogen atmosphere. The obtained 
ACA, ANC and ANC/ACA were washed and dried. 
ANC/ACA nanocomposites with different composites 
ratios (mass ratios) were obtained by changing the mass 
ratio of melamine resin/CA composites. 
 
2.2 Preparation of Ni(OH)2/Co(OH)2 composites 

NiCl2·6H2O and Co(NO3)2·6H2O at certain mole 
ratio were solved in the distilled water at room 
temperature. The calculated amount of NaOH solution 
was added slowly into the mixed solution until pH=8 to 
produce precipitates. The blackish green precipitates 
were filtrated, washed and dried at 60 ℃ to obtain 
Ni(OH)2/Co(OH)2 composites. 
 
2.3 Preparation of asymmetric supercapacitors 

Ni(OH)2/Co(OH)2 (65%, mass fraction), graphite 
(30%) and polytetrafluoroethylene binder (PTFE, 5%) 
and some water were mixed to form the active paste. 
Then the paste was coated on the Ni-foam current 
collector (40 mm×10 mm). Finally, the anode was 
obtained by drying the sample at 60 ℃ for 24 h and 

pressing it with double roller machine. And the mass of 
active substances on one electrode was (80±4) mg. 

ANC/ACA(ANC or ACA), PTFE and water were 
mixed at the mass ratio of 81׃1׃. Then the cathode (40 
mm×10 mm) was prepared by the same method as 
anode. 

Anode, cathode and battery separator were 
immersed in aqueous solution of 6 mol/L KOH. An 
asymmetric supercapacitor was assembled by putting 
battery separator between two electrodes. 
 
3 Measurements 
 
3.1 X-ray photoelectron spectroscopy (XPS) test 

XPS analysis was performed using an ESCALAB 
250 (Thermo VG Scientific) equipped with an Al Kα 
monochromatic source (120 µm spot). 
 
3.2 Scanning electron microscopy (SEM) test 

The microstructure was observed by scanning 
electronic microscope (MX2600FE). 

 
3.3 Cyclic voltammetry(CV) test 

A type of LK98BII Computer Electroanalytical 
System was used for CV test. The platinum electrode 
was used as the auxiliary electrode, HgO/Hg electrode as 
the reference electrode and the measured electrode (10 
mm×10 mm) as working electrode, respectively. The 
measurement was carried out in 6 mol/L KOH solution. 
The specific capacitance of electrode materials is 
calculated using the following equation. 
 
Cp1=(|Ia|+ |Ic|) /(2×m×v)                      (1) 
 
where Cp1 is the specific capacitance of electrode 
materials, F/g; Ia is the current of oxidation peak, A; Ic is 
the current of reduction peak, A; m is the mass of active 
substances on the measured electrode, g; v is the 
scanning rate of voltage, V/s. 
 
3.4 Galvanostatic charge/discharge test 

The galvanostatic charge/discharge test of 
asymmetric supercapacitors was performed with a 
PCBT−138−8D−A Battery Programmed Test Instrument 
(Wuhan Lixing Instruments Company). The Cp is 
calculated using the following equation. 
 
Cp2=I×∆t/(∆V×m)                           (2) 
 
where Cp2 is the specific capacitance of supercapacitor, 
F/g; I is the discharge current, A; ∆t is the time difference 
in discharge process, s; ∆V is the potential difference in 
discharge process, V; and m is the mass of active 
substances on all electrodes, g. 

The Ep and P of supercapacitors are calculated by 
 
Ep＝∆V×I×∆t/(7.2×m)                       (3) 
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P=∆V×I/m                                  (4) 
 
where Ep is the specific energy of supercapacitors, W·h/kg; 
P is the specific power of supercapacitors, kW/kg; ∆t is 
the time difference in discharge process, s. 
 
3.5 Cycle performance test 

The cycle performance test was performed by the 
PCBT−138−8D−A Battery Programmed Test Instrument 
and using the computer to control galvanostatic charge 
and discharge cycles. Then the changes of Cp with the 
cycle numbers were analyzed. 
 
4 Results and discussion 
 
4.1 XPS analysis 

The results of XPS are shown in Table 1. As shown 
in Table1, N atoms do not exist in the CA, but they exist 
in the ANC and ANC/ACA and the content of N atoms is 
2.22% and 2.12% respectively which verifies that N 
atoms are introduced into carbon materials by the 
method. 
 
Table1 Results of XPS test 

Sample w(C)/% w(O)/% w(N)/% 
ANC 83.85 13.93 2.22 

ANC/ACA 84.58 13.29 2.12 
CA 77.40 22.60 0 

 
4.2 SEM analysis 

The SEM photographs of ANC, ACA and 
ANC/ACA are shown in Fig.1. As shown in Fig.1, the 
ANC shows nanometer and honeycomb structure with 
more pores. ACA shows nanometer and near-spherical 
structure whose surface is not smooth due to KOH 
corrosion. The ANC/ACA shows the same nanometer 
structure with more pores as that of ACA. It seems that 
the pores result from the removal of impregnated KOH 
and KOH-etched compounds, leaving the space 
previously occupied by the compounds. The 
well-developed pore structure is beneficial for the 
adsorption of electrolyte and the improvement of Cp. 
 
4.3 CV analysis 

The CV results of ANC, ACA and ANC/ACA with 
different composite ratios tested in the potential range of 
−1 to 0 V are shown in Table 2 (the scanning rate of 
voltage was 1 mV/s). 

As shown in Table 2, the Cp1 of supercapacitors 
with ANC/ACA and ANC as cathode is greater than that 
of supercapacitor with ACA as cathode. This is due to the 
fact that nitrogen atoms of ANC/ACA and ANC 
contribute to the overall Cp with pseudocapacitance that 
generally originates from the faradaic interactions 
between potassium cations and the nitrogen atoms of 

Table 2 Cp1 of different electrode materials tested by cyclic 
voltammetry 

Sample Composite ratio of ANC/ACA Cp1/(F·g−1)
ANC − 230.1 

 181.9 1׃18
 312.8 1׃12
 223.7 1׃7
 221.8 1׃4

ANC/ACA

 195.5 1׃2
ACA − 103.4 

 

 
Fig.1 SEM images of ANC (a), ACA (b) and ANC/ACA (c) 

 
carbon. When the composite ratio of ANC/ACA is 121׃, 
the ANC/ACA shows the highest Cp1 (312.8 F/g) vs 
103.4F/g of ACA and 230.1 F/g of ANC. This is due to 
the fact that, on one hand, pseudocapacitance of ANC 

can be utilized well because ANC can be dispersed well 
by the high specific surface of carbon aerogels which act 
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as the carrier of ANC and a kind of charge storage 
material; on the other hand, the introduction of carbon 
aerogels with high conductivity makes the conductivity 
of the cathode material improved which improves its Cp. 
 
4.4 Galvanostatic charge/discharge analysis of 

supercapacitors 
The galvanostatic charge/discharge data of 

asymmetric supercapacitors consisting of Ni(OH)2/ 
Co(OH)2 as anode and ANC/ACA with different 
composite ratios as cathode are shown in Table 3 (the 
current density was 7.5 mA/cm2). As shown in Table 3, 
the Cp2, Ep and P of the optimal asymmetric 
supercapacitor (the ANC/ACA with  composite ratio of 
 was used as cathode) are the greatest, which is 1׃12
accordance with the result of Table 2. 
 
Table 3 Electrochemical performances of asymmetric super- 
capacitors with different composite ratios of ANC/ACA as 
cathodes 
Composite ratio 
of ANC/ACA 

Cp2/(F·g−1) Ep/(W·h·kg−1) P/(W·kg−1)

 187.0 8.62 55.2 1׃18
 195.3 15.6 99.7 1׃12
 187.0 13.7 87.8 1׃7
 185.6 9.8 62.8 1׃4
 164.8 8.3 53.3 1׃2

 
The galvanostatic discharge curves of the optimal 

supercapacitor at different current densities are shown in 
Fig.2. It indicates that the supercapacitor shows superior 
quick dischargeability at high current density. The test 
data are given in Table 4. The Cp2 and Ep of the 
supercapacitor decrease with the increase of discharge 
current density, while the P increases. The reason why 
Cp2 and Ep decreases obviously with the increase of 
current density is that, when charge or discharge is 
carried out at high current density and charge or 
discharge is finished in a short time, there is no enough 
 

 
Fig.2 Galvanostatic discharge curves of optimal supercapacitor 
at different current densities 

Table 4 Galvanostatic discharge data of optimal supercapacitor 
at different current densities 

Current 
density/(mA·cm2)

Cp2/(F·g−1) Ep/(W·h·kg−1) P/(W·kg−1)

7.5 99.7 15.6 195.3 
12.5 94.2 14.7 325.5 
25.0 67.7 10.6 651.0 
50.0 57.3 9.0 1 302.1 

 
time for ions to enter the interior minipores of electrode 
materials when ions transfer from the solution to the 
electrode surface, so some surface areas and function of 
electrode materials cannot be utilized well. When the 
current density is 50 mA/cm2, the Cp2, Ep and P of the 
supercapacitor is still 57.3 F/g, 9.0 W·h/kg and 1 302.1 
W/kg, and the comprehensive properties of the 
supercapacitor are excellent. 
 
4.5 Cycle performance analysis 

The cyclic performance of the optimal asymmetric 
supercapacitor was further examined by galvanostatic 
charge/discharge method and the data obtained during 
100 cycles are shown in Fig.3. 
 

 
Fig.3 Cyclic performance of optimal asymmetric 
supercapacitor 
 

As shown in Fig.3, after 100 cycles the Cp2  is 
invariant and the asymmetric supercapacitor is stable 
over 100 cycles. The ANC/ACA is a kind of suitable 
electrode material of supercapacitors. 
 
5 Conclusions 
 

1) N atoms exist in the ANC/ACA and ANC/ACA 
shows nanometer and honeycomb structure with more 
pores. 

2) When the composite ratio of ANC/ACA is 121׃, 
the ANC/ACA shows the highest Cp1 (312.8 F/g) vs 
103.4 F/g of ACA and 230.1 F/g of ANC and the optimal 
asymmetric supercapacitors with the ANC/ACA as 
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cathode also show the best electrochemical performances 
(Cp2, Ep and P is respectively 99.7 F/g, 15.6 W·h/kg, 
195.3 W/kg). When the current density is increased to 50 
mA/cm2, Cp2, Ep and P of the optimal supercapacitor is 
still 57.3 F/g, 9.0 W·h/kg, 1 302.1 W/kg. 

3) The optimal asymmetric supercapacitor is stable 
over 100 cycles and its comprehensive properties are 
excellent. The synthetical ANC/ACA is a kind of 
suitable electrode material of supercapacitors. 
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