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Energy storage devices such as electric double-layer capacitors (EDLCs) have attracted
considerable attentions because of their potential to reduce environmental load and efficiently
use energy. EDLCs demonstrate high power density and long cycle performance; however, their
energy density is low compared with rechargeable batteries. Their performance strongly
depends on nanostructures of porous carbons as active materials. Recently, Chmiola et al.
reported that surface-area-normalized capacitances anomalously increased when carbide-
derived porous carbons (CDCs) with an average pore width of less than 1 nm were used as active
materials of EDLCs (Chmiola et al., Science 2006). EDLCs using conventional activated carbons
or nano carbons could not demonstrate such high capacitances, and this is the advantage of the
CDCs. However, the CDCs have not been widely used as commercial electrode materials because
of their balance of performance and cost. Therefore, the purposes of this study are to improve
the performance of capacitors using the CDCs and establish an inexpensive manufacturing
method of the CDCs.

This thesis comprises seven chapters.

In Chapter 1, the background and purposes of this study, an overview of EDLCs and the CDCs,
and the challenges of EDLCs using the CDCs have been introduced.

In Chapter 2, the nanostructures of various CDCs have been characterized. The porous and
crystal structures of titanium- and aluminum-carbide-derived porous carbons changed as the
chlorination temperature increased from 1000°C to 1400°C. In contrast, these structures of
silicon-carbide-derived porous carbons (SiC-CDCs) were stable in the chlorination temperature
range from 1000°C to 1400°C, thereby indicating that SiC-CDC had higher thermal stability.

In Chapter 3, by focusing on the SiC-CDCs because of their cost, availability of their raw
material, and the thermal stability of nanostructures, the author conducted steam activation of
the SiC-CDCs and evaluated their nanostructures. The BET surface areas of the SiC-CDCs
increased from 1300 m2g~! to a maximum of approximately 2000 m2g-! by steam activation.
Moreover, the ratio of the micropore and mesopore volumes of the activated SiC-CDCs could be

controlled by the chlorination temperature before the activation. In particular, the activated



SiC-CDC chlorinated at 1100°C had considerably larger micropore volumes and narrower
average pore widths than those of the activated SiC-CDCs chlorinated at higher temperatures
as well as those of commercial activated carbon (YP50F), suggesting that the SiC-CDCs
chlorinated at low temperature could be steam activated, while retaining their narrow average
pore widths.

In Chapter 4, the author fabricated and evaluated EDLCs using the obtained SiC-CDCs in
the previous chapter. The activated SiC-CDC with a surface area of 1900 m2g-! exhibited similar
power density but higher energy density and long-life stability compared with the commercial
activated carbon for EDLCs.

In Chapter 5, using the SiC-CDCs, lithium ion capacitors (LICs) were prepared and evaluated
to enhance the energy density of capacitors. Moreover, the floating durability of LICs was
improved using the activated SiC-CDCs surface-modified by heat treatment. The amount of
acidic surface functional group of the activated SiC-CDC heat-treated at 1400°C decreased from
0.26 mmol g1 to 0.01 mmol g71. In addition, after the heat treatment at 1400°C, the BET surface
area of the SiC-CDC decreased by only 10%; however, that of YP50F decreased by 20%.
Subsequently, the electrochemical durability of the activated SiC-CDCs (both before and after
heat treatment) as LIC positive electrodes was evaluated through floating tests at a cell voltage
of 4.0 V and a temperature of 60°C. The internal resistance of the SiC-CDC heat-treated at
1400°C was 2.1 Q and was as low as that of the unheated SiC-CDC. After a 1000-h floating test,
the internal resistance of the SiC-CDC heat-treated at 1400°C increased to 5.8 Q, whereas that
of the unheated SiC-CDC increased to 10.4 Q. This is due to the reduction of the acidic surface
functional group by the heat treatment. Therefore, the SiC-CDC materials exhibit features that
make them promising materials for high-performance positive electrodes for capacitors.

In Chapter 6, to obtain affordable SiC-CDCs, the author proposes a method for producing SiC-
CDCs from rice husk, which is a common agricultural waste material. The rice husk-based SiC-
CDC (RH-SiC-CDC) was prepared by heat treatment of the rice husk charcoal (RHC) in a He
atmosphere at more than 1500°C followed by chlorination at 1100°C. The obtained RH-SiC-CDC
had a surface area of 1060 m2g~! which was 20 % lesser than that of the non-activated a-SiC-
CDC described in Chapter 3 (1330 m2g1). EDLCs using these SiC-CDCs and YP50F were
fabricated and electrochemically evaluated. Both RH-SiC-CDC and a-SiC-CDC gave similar
surface-area-normalized capacitances of 2.0 uFem=2, while that of the EDLC prepared using
YP50F was 1.7 uFem=2. Moreover, even though these SiC-CDCs were not subjected to steam
activation, the internal resistance of the RH-SiC-CDC was significantly lower than that of the
a-SiC-CDC and comparable to that of YP50F. Finally, the author proposed a sustainable process
of preparing RH-SiC-CDC by utilizing byproducts. On the basis the properties exhibited by the
RH-SiC-CDC, it can function as an affordable electrode material for application in EDLCs with



high capacitance and low resistivity.

In Chapter 7, the general conclusions and future prospects have been described.



