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Abstract. New nanoporous carbon-SiO2 composite materials were synthesized from
organic raw materials (rice shells) and their electrochemical properties were investigated
by cyclic voltammetry in liquid electrolytes (6 M KOH or 1 M H2SO4). A correlation
between specific capacitance and specific surface area was observed. Due to high specific
capacitance of 90 F/g the carbon materials under study may be regarded as promising
electrode materials for electrochemical supercapacitors.

1. Introduction

Supercapacitors are one of the promising devices for energy storage applications as they can provide
higher power density than batteries and higher energy density than conventional dielectric capacitors.
Many materials have been proposed as electrode materials for supercapacitors. Among them, carbon
materials with various microtextures are considered as main candidates for supercapacitors in terms
of high surface area, interconnected pore structure, controlled pore size, high electrical conductivity
and environmental friendliness [1–6]. The specific capacitance of the electrode material of the
Electrochemical Double Layer Capacitors (EDLC) is known to depend on the specific surface area
(Ss) and the pore structure [7]. Highly porous carbon materials with high content of mesopores
may be obtained from different templates, like metal carbides (by metal etching), various polymers
(obtained from micelle solutions followed by carbonization and activation), mesoporous silica or
mesoporous molecular sieves, such as MCM-41, MCM-48, SBA-15 [7–14] and some other templates
[15]. Nevertheless, as a rule, such materials do not fit with requirements of commercial applications
because of their complicated preparation techniques and a relatively high cost [16]. On the contrary,
activated carbons are materials most commonly used in supercapacitors because of their high surface
areas (Ss ≥ 1000 m2/g), good adhesion to electrolytes and low cost. Activated carbons can be derived
from natural materials (plant shells [17], peel [18, 19], etc.) or synthetic materials (polymers) by
carbonization in inert atmosphere followed by activation with KOH/NaOH, K2CO3, ZnCl2, H3PO4,
CO2 or steam [20–28]. Although the activation after carbonization increases the Ss of the carbons, it
leads to widening of the pore size distribution and lowering of the product yield. Therefore, synthesis of
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carbon materials with suitable pore size distribution via simple and low-cost root may open possibilities
for a wide application of the activated carbons in EDLCs. The use of carbon-based nanocomposites as
precursors possesses a possible way to improve performance of carbon electrode materials. Rice husks
(RH), a large-scale agricultural waste, is an example of such precursor, which practically has no any
commercial application. RH includes high amount of amorphous silica nanosized particles (15–23 wt%)
[18], that allows one to use as a template-containing precursor for preparation of porous carbons. The
aim of this work was to synthesize carbon-SiO2 composites from organic raw precursor (rice husks), to
obtain mesoporous carbon electrode materials and to study their electrochemical properties in different
electrolytes.

2. Experimental

The standard party of the rice husks (RH) was supplied by Kyzylorda Agroservis Co., Kazakhstan.
RP contained 36 wt% of cellulose and 21% of ash content (mainly SiO2). Other components were
determined as lignine (17–23 wt%), hemicellulose (15–20 wt% ) and moisture (4–8 wt%). RP was
grinded to particles with size of ∼ 0.1–1 mm using a roll mill PM-20 produced by ISSCM SB RAS [29].

The first party of RP (Series A) was placed to 1 M solution of KOH, heated at 100 ◦C for 3 h under
rigorous stirring, dried in air, heated in a tube reactor at 300 ◦C for 2 h under Ar flow. Then the sample
was mechanically treated in a AGO-2 planetary ball mill for 5 min and carbonized at 700 ◦C for 3h under
Ar flow.

The second party of milled RH (B) was pyrolized in a quartz reactor under argon atmosphere for 3 h
at 500 ◦C. Then the sample was mixed with an equimolar mixture of Na2CO3 and K2CO3 powders in
a weight ratio of 1:1. The mixture was mechanically treated in AGO-2 planetary ball mill for 5 min at
the mass ratio of the milled material and balls as 1:15. After the treatment the mixture was put into the
quartz tube reactor, heated up to 700 ◦C with the rate of 10 ◦C/min and kept under this temperature for
3 h. After cooling, the obtained product was washed by deionized water up to pH 7 and dried overnight
at 100 ◦C.

The specific surface area and the pore size distribution of nanoporous carbon materials (NCMs) were
determined from nitrogen adsorption/desorption BET isotherms obtained with a Sorbtometr M Surface
Analyzer (Kataron Ltd., Russia). Morphology of carbon materials was studied using a Jeol 2000FX High
Resolution Electron Microscope. Electrochemical properties were investigated by a cyclic voltammetry
technique using a SMU-2 Meter (CIT Ltd., Novosibirsk, Russia) in symmetric two-electrode cells.
Aqueous solutions of sulfuric acid (1 M H2SO4) and potassium hydroxide (6 M KOH) were used as
electrolytes. Electrodes were prepared by mixing the carbon powder with carbon black in a weight ratio
of 80:20 and the mixture was pressed onto a surface of a graphite rod-like electrode support. Typically
10–30 mg of NCMs was deposited on the electrode area of 1 cm2. Two identical electrodes were put
together through a separator (film PORP-UFIM Ltd., Russia) soaked with solutions of H2SO4 (1M) or
KOH (6M). Specific capacity (C, F/g) was calculated from cyclic voltammetry curves by formula (1):

C = 2 · I · m−1·v−1 (1)

where I is average current value (A); m is the mass of the active electrode material in each electrode (g);
v is the potential sweep (V/s); factor 2 takes into account a sequential switching of two identical double
layers in the cell. All experiment were carried out at v = 10 mV/s.

3. Results and discussion

The properties of the carbon materials obtained by the two methods strongly differ: The values of
the specific surface area (Ss) were determined as 152 and 1020 m2/g for samples of Series 1 and 2,
respectively. The second sample has much higher values of Ss and the most part of the overall surface
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Figure 1. Electron microscopy image of samples of Series B.

formed by micropores with the total volume of 0.49 cm3/g and the average size of ∼ 1.2 nm. These data
agree well with the results obtained by High-Resolution Electron Microscopy (Fig. 1).

Cyclic volammetry curves obtained for the samples are presented in Fig. 2. One can see that values
of specific capacitance and the character of A-B-curves depend on the electrolyte type (6 M KOH or
1 M H2SO4). The capacity values obtained in alkaline electrolytes are 1.5–2 times lower. This fact is
in agreement with the data reported in literature: Generally, specific capacity values measured in acid
electrolytes are higher then those obtained in alkali electrolytes [30]. Moreover, in acid electrolyte a
small additive pseudo-capacitance effect is also observed for all samples. Specific capacitance values
are relatively high (25–90 F/g), and attributed mostly to double layer capacitance.

The data obtained may be compared with the data reported in literature. According to data reported
earlier [31] the specific surface capacitance (C) of carbon materials does not depend on the average
pore size and the type of carbon material. In this case the C value should increase proportionally to the
specific surface area [32]:

C(F/g) = 0.094 · S(m2/g). (2)

Comparison shows that the experimental value of C for the sample of Series A and B obtained in acidic
electrolyte (25 and 90 F/g) agrees satisfactorily with the expected value (14 and 96 F/g).

4. Conclusion

In this work a simple technique for synthesis of mesoporous carbon materials from natural RH was
proposed. The technique includes preliminary mechanical treatment of RP with alkali carbonates
followed by carbonization and washing the product of silicates. As a result of the study, it may be
concluded that RP may be used as an effective and cheap natural green source for synthesis of carbon
electrode materials for EDLCs. The presence of considerable amount of silica nanoparticles in the bulk
of RH provides using this matrix as a template precursor for preparation of the mesoporous carbon.
The obtained materials have high specific surface area and high specific capacitance that make them
attractive for commercial applications.

The work was supported by the Program of the Presidium RAS, project No. 24–52.
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Figure 2. Cyclic voltammogram of the samples of Series A and B in 1 M H2SO4 electrolyte, Series B in 6 M KOH,
1, 2 and 3 respectively; voltage sweep rate is 10 mV/s.
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