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The RUO2XH2O /C composites were prepared directly based on a sol-gel process under ultrasonic 
wave (50Hz). The specific capacitance of pure R11O2XH2O materials obtained by the method reached 
a value of 760F/g. Physical properties of the material and electrochemical characteristics of 
electrodes were described. 

1 Introduction 

In recent years there has been much interest in super-capacitor because of their high 
energy density (>5.0wh/kg) and high power density (>500w/kg) for the application as 
power storage devices [1-6]. Research on super-capacitors has focused on two areas: (1) 
electric double layer capacitor (EDLC); (2) faradic pseudo-capacitor. Carbon materials 
[7-22] have been widely used as the electrode of EDLC. The specific capacitance of this 
kind of materials is typically as high as 280F/g and 120F/g in aqueous and non-aqueous 
electrolyte for a single electrode, respectively [23]. Ruthenium oxide in pseudo-capacitor 
shows the best pseudo-capacitive behavior. In 1995, amorphous hydrous Ru02xH20 was 
prepared by Zheng [24-25] through a sol-gel process. It exhibits much superior 
performance compared with crystalline Ru02 and the special capacitance reaches 720F/g 
for a single electrode. But the cost of the ruthenium oxide limits its widespread 
application. So in recent years research on hydrous ruthenium oxide /carbon material [26-
35] for electrochemical capacitors has been noticed. Adding carbon to ruthenium oxide 
can not only raise the performance of the material but also reduce the cost of the materials 
[27,33]. This is more attractive for commercial application. In this study, a method was 
introduced to prepare the amorphous hydrous ruthenium oxide/active carbon 
(Ru02xH20/C) composites directly. We found that a small quantity of chloride ions in 
Ru02xH20/C electrodes affected the electrochemical performance of capacitors. A 
detailed electrochemical characteristic for the Ru02xH20 / C electrodes was studied. 

2 Experimental 

Ru02xH20/C composites were prepared directly by mixing up active carbon powder 
with aqueous solution of RuCl3 at pH 7.0 based on a sol-gel process. An ultrasonic wave 
(50Hz) was introduced to disperse the Ru02xH20 particles uniformly onto the surface of 
the carbon in the sol-gel process and a silver nitrate solution was adapted to check up the 
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filtrate to assure the elimination of chloride ions. Active carbon powders were made by 
carbonizing apricot nucleus (its specific capacitance and specific surface being 170F/g 
and 1000m2/g, respectively). The Ru02xH20/C composites were treated at 150°C for 
several hours in air. 

The electrode for electrochemical study was prepared by mixing Teflon binder with 
Ru02xH20/C powers. The mixtures were pressed into a disc at a pressure of 500 kg/cm2. 
Its mass was about 40 mg, and the diameter was about 13 mm. The model capacitor was 
composed of two facing electrodes separated by glassy fiber which was previously 
impregnated with 30% H2S04 .The graphite carbon was used as current collector. All 
experiments were carried out in such a model capacitor, and the measuring instruments 
are the same as previous paper [26]. 

3 Results and discussion 

3.1 Physical properties 

The surface morphology of Ru02xH20/C particles containing 54.7 wt% Ru annealed at 
150°C for 8h is showed in Figure 1. The particles appear as 10 ~ 15 nm in diameter. The 
XRD pattern of Ru02xH20/C powders annealed at 150°C for 8h shows no peaks, which 
demonstrates that the powders have a amorphous structure. According to the TGA data, 
the value of the x in Ru02xH20 was suggested to be about 0.77. 

Fig.l TEM photograph of a R11O2 xH20/C Fig.2 The cyclic voltammogram of Ru02 xH20/C 

composites electrode 

3.2 Electrochemical characteristics of the model capacitor 

Figure 2 is the cyclic voltammogram(CV) of Ru02xH20 /C electrode with 36.4 wt% Ru 
loading treated at 150°C for 8 hours at a scan rate of 2mV/s. The specific capacitance of 
the pure Ru02xH20 materials measured by CV was 760F/g. Compared with Figure 4 in 
the previous study [26], it approaches to rectangle curve of the ideal capacitor [36]. The 
discrepancy between the CVs is due to the existence of a small quantity of chloride ions 
in ruthenium-carbon composites prepared formerly. The residual chloride ions impaired 
the electrochemical performance of the electrodes. 

When the ruthenium loadings ranged from 7.1 to 20 wt%, the specific capacitance of 
electrode slightly varied with ruthenium content, remained at about 240F/g. When the 
ruthenium content exceeded 30wt%, the specific capacitance of the electrodes increased 
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linearly from 300 F/g to 760F/g. About 50% of Ru02 in Ru02xH20/C powders was 
utilized. More than 50% of the capacitance in the electrode with 12% ruthenium was 
owed to the formation of double layer, but for the electrode with 20% ruthenium, the 
capacitance attributed to double layer dropped to 17% of the total capacitance. Recently, 
Ramani's [32] experiments showed that the specific capacitance of the Ru02xH20/C 
composites increased with Ru loadings in electrodes from 5% to 20%. But in this range of 
Ru loadings, our results showed that the specific capacitance of the composites remained 
almost unchanged. The difference was attributed to using various active carbon 
substrates, our specific capacitance was 170F/g, theirs was only about 80 F/g [32]. The 
specific capacitance of the Ru02xH20/C composites is the sum of both double layer 
capacitance produced by carbon substrates and redox capacitance produced by 
electrochemical reaction of Ru02xH20. When the carbon substrates with lower specific 
capacitance were used, the proportion of the capacitance produced by Ru02xH20 in 
composites was predominant even though the Ru content in composites was low. 

With environment temperature increasing from 5 tol00°C, the specific capacitance 
increases slowly because the speed of proton transfer in composites is a function of 
environment temperature and redox capacitance are related to the speed of proton 
transfer. 

The specific capacitance of the Ru02xH20/C composites decreases with increasing 
the Teflon content because the surface area of the composites decreases. According to our 
experiments, 2.5wt% Teflon content is appropriate. If the Teflon content in composites is 
lower than this value, the composites are difficult to press into a disc. 

The leakage current of the capacitor decreases with increasing the ruthenium 
content in electrodes, which demonstrates that the leakage current produced by the active 
carbon substrate is bigger than that by the ruthenium oxide. 

The model capacitors are charged at a constant current of 5mA until the voltage 
reaches 1.0V. Then they are self-discharged to 0.5V. We can observe that the self-
discharge time is delayed with increasing the ruthenium contents. 

The model capacitors were charged at a constant current until the voltage reaches 
1.0V. Then they were discharged to Ov at same current. The specific capacitance of the 
electrodes was calculated by using the discharge curves. Figure 3 shows the relationship 
between the specific capacitance of Ru02xH20/C composites with both different Ru 
loading and charging current. 
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Fig. 4 Relationship between the specific capacitance 
of the electrodes and the voltage cycles. The Ru 
content in the electrodes is denoted near the curves. 
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Fig. 3 Relationship between the specific capacitance 
of electrodes and charge current. The Ru content in 
the electrodes is denoted near the curves. 
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Figure 4 shows the relationship between the specific capacitance of the Ru-C 
composites and the number of the voltage sweep cycles as a function of ruthenium 
content in electrodes at a scan rate of 20mV/s. It demonstrated that the electrochemical 
stability of the Ru-C electrodes increased with reducing the ruthenium content in the 
electrodes. 

4 Conclusions 

The Ru02xH20/C composites can be directly prepared based on a sol-gel process. An 
ultrasonic wave (50Hz) is favorable to dispersing Ru02xH20 particles onto the surface 
of the carbon. The specific capacitance of pure Ru02xH20 materials obtained by this 
method reaches a value of 760F/g. Adding 2.5%wt Teflon binder to Ru02xH20/C 
composites is appropriate for pressing into a disc electrode. The residual chlorine ions in 
Ru02xH20/C composites impaired the electrochemical performance of the electrodes. 
With the increase in the surrounding temperature, the specific capacitance of the 
electrodes increases slowly. The leakage current of the model capacitor decreases with the 
increasing in the ruthenium content of the electrodes, and the electrochemical stability of 
the Ru02xH20/C composite electrodes increases when the ruthenium loadings in the 
electrodes reduces. 
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