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Introduction

Electrochemical capacitors, which known as supercapacitors, are a unique type of high-power
devices being developed for a different type of applications as consumer electronics, medical devices,
transportation and military defense systems!.Activated carbon (AC) is a porous material with high
surface area and can exhibit good adsorptive capacities?. The high specific surface area (SSA) of
1000-3500 m?g™! and the porous structure of AC let charge storage at the electrode/electrolyte
interaction, the capacitance of mentioned interaction is equal to 10 pF cm. Activated carbon can be
synthesized from vegetable raw materials as apricot stone, rice husk, coconut shell.

Another group of carbon materials which can be used in supercapacitor electrodes are carbon
nanotubes. Carbon nanotubes have properties as tensile strength, flexibility, electrical conductivity
and high specific surface area. In® was synthesized few-wall CNTs (FWCNTSs). Difference of
FWCNTs from SWCNTs are low cost, high electronic conductivity (~100 S/cm) because of long
length (~400 um) and ease to manipulation.

In this study, capacitive AC particles obtained from waste of agricultural industry RH and AS
at the Institute of Combustion Problems in the Laboratory of Carbon Nanomaterials and
Nanobiotechnologies, were integrated with conductive, flexible FWCNT to fabricate conductive
electrodes with high-electrochemical capacity. The electrochemical characteristics of AS-FWCNT,
RH-FWCNT hybrid electrodes were compared with YP-80F-FWCNT (Kuraray Chemical Co.,
Osaka, Japan) electrodes.

Materials and Methods

To prepare AC-FWCNT hybrid electrodes, 0.5 mg of FWCNTSs were mixed with YP-80F
activated carbon for supercapacitors (5-20 um diameter, 1900-2200 m?gt), activated carbons which
was obtained from apricot stones, rice husk in AC:FWCNT weight ratios of 9:1. Both carbon
materials were added to ethanol (EtOH) and dispersed in a bath-type sonicator with a cooling unit to
keep the temperature at 20 °C. The electrodes were obtained by vacuum filtration over
polytetrafluoroethylene (PTFE) membrane filters (5 um pore size). The final product was a
mechanically-robust matrix of interwoven FWCNTSs that held the YP-80F, AS, RH. Residual solvent
was removed by drying at 90 °C for 2 hours.

To evaluate the performance of the FWCNT 3D collector matrix, Ti-mesh (200 L *200 S)
connected to the carbon electrodes were prepared. Electrode cells were used to run cyclic
voltammetry.

The three-electrode cell consisted of an YP8OF-FWCNT, AS-FWCNT, RH-FWCNT as a
working electrode, a YP-80F-FWCNT counter electrode and a Ag/AgCl electrode (in saturated NaCl
aqueous solution) reference electrode; the electrolyte was 1M Na>SO4 aqueous solution.

Results and Discussion
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Preparation of electrodes from CNTs with AC in hybrid electrodes has been developed to
improve electrical conductivity of common electrodes, and to replace ordinary conductive additives.
It is desirable to combine the high surface area of ACs with the conductivity of CNTSs to obtain an
electrode with enhanced capacitive performance as high electrolyte-accessibility. AS-FWCNT, RH-
FWCNT hybrid electrodes are prepared without using binders and it has self-supporting flexible
nature.

The results of electrochemical measurements were obtained from CV tests in a three-electrode
cell in the range -1-0.6 V vs. Ag/AgCl, using the full-contact Ti-mesh configuration.

The specific capacitance was calculated from the CV plots using the expression:

[Ci(E)dE
c-9_1k 7" )
v v E,-E

where C is capacitance, q is electric charge, v is the scan rate, E is voltage and 1 is current. The
mass of AC, AS was used in the capacitance calculation®.

The specific capacity for the AC-FWCNT elelctrodes are summarized in Table 1. An increase
of specific capacitance was observed for the AS-FWCNT hybrid electrodes. Hybrid electrode which
were made with RH particles show lower rate performance than other electrodes.

Table 1. Electrochemical performance of hybrid electrodes

Electrodes Specific capacitance (F g%) (at | Volumetric capacitance (F cm
1-100 mV s?) %) (at 1-100 mV s?)
AS-FWCNT 139-103 30-25
RH-FWCNT 106-85 24-20
YP8OF-FWCNT 119-100 41-35

Conclusions

We obtained self-supporting carbon hybrid electrodes by enclosing highly-capacitive
activated carbon particles within an electrically conductive 3D collector made of FWCNTSs. Hybrid
electrodes were prepared from biomass derived ACs obtained from apricot stones and rice husk with
sub-millimeter long FWCNTs. The FWCNTSs provides mechanical stability and fewer contact and
junction resistances, making it possible to produce self-supporting electrodes with no additional
binder materials. The fabrication method followed in this work can rapidly and easily produce
lightweight electrodes with controlled thicknesses for varied applications, given its important
advantage over other, more complicated procedures.
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