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Abstract

Supercapacitor (SC) also called ultracapacitor is an electrochemical energy storage device
applied to store electrical charges and pulse power supply. It is expected that both energy and
power density could be improved by making the SC composite structure using highly
conducting materials multiwalled carbon nanotubes (MWCNTS) in activated carbon (AC).
Also the performance of SC depends on some major factors of its electrode materials like high
electrical conductivity, good mesoporocity, high specific surface area etc., so the structural and
electrical study of MWCNTSs incorporated in host activated carbon (AC) that forms
nanocomposite prepared by a simple, low cost and environment friendly method has been
reported. The structural properties of AC, MWCNTs and AC/MWCNTSs have been examined
by XRD, SEM and Raman spectroscopy. The enhancement of current in AC by adding
MWCNTs has been analysed by current(I)-voltage(v) measurements. The observed results

suggest that the prepared composite could be used for supercapacitor application.
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1. Introduction
To meet the rapidly increasing world-wide energy consumption, advances of renewable energy
technology and storage devices are very important. Therefore, developing devices that are
cheap, environment-friendly, highly efficient and reproducible energy storage devices are
necessary. Supercapacitors (SCs) are among energy storage devices which have gained
significant attention owing to their advantages such as long cycle life, high power density,
minor environmental impact and rapid charging/discharging process [1,2]. Prominent interest

has been concentrated on the application of carbon as electrode materials for SCs such as



activated carbons [3], templated carbons, carbon nanotubes (CNTs) [4-6] and graphene [7-11]
due to an easy processability, accessibility and comparatively low cost. They have good
stability in different chemical solutions (from acidic to basic) and can perform in a wide range
of temperatures. High-surface-area activated carbons (ACs) are major electrode materials for
marketable supercapacitors. However, ACs have a low specific capacitance due to their bad
electrolyte accessibility, low mesoporosity and low electrical conductivity. Even if they have
a high specific surface area (3500 m?/g ) [12]; well-adjusted surface area, conductivity and
mesoporosity are thus extremely desirable for carbon electrode materials to be applied in high-
performance supercapacitors. CNTs are the favourable nanomaterials for microelectronic and
energy storage devices nowadays because of their good electrical conductivity, highly
accessible specific surface area, excellent mechanical strength, exceptional nanoscale
structures and flexibility [13,14] overcome the limitation of AC. Therefore, by incorporating
MWCNTs in AC, it is expected that the life cycle, electrical conductivity, mechanical and
thermal stability could be enhanced which results into increasing in both power and energy
density of SC. Since the supercapacitor performance depends on the structural and electrical
properties of the electrode materials, it is essential to study these properties of MWCNTs

incorporated AC electrode material.

Here a simple, cheap and environmental friendly method has been followed to prepare the
nanocomposites. The structural properties of AC, MWCNTs and AC/MWCNTs have been
examined by XRD, SEM and Raman. Increase in current i.e. increase in conductivity of the

MWCNTs mixed AC composites have been observed by current(I)-voltage(V) measurement.

2. Experimental
2.1 Materials

All the chemicals such as benzene (CsHe with > 99.5% purity), nitric acid (HNO3 with > 98%
purity), hydrochloric acid (HCL with > 98% purity), tetrahydrofuran (C4HgO with > 99%
purity) and ferrocene (CioHioFe with > 98% purity) were taken from Sigma-Aldrich (India)

and has been used without any further purification.



2.2 Preparation of AC/MWCNTSs nanocomposite

Commercially available AC has been used. The procured AC has been further activated to
increase the mesoporosity by adding proper amount (well dispersed) of nitric acid [15] to
activated carbon and kept for 12 hours and then sonicated for two hours. The products are
filtered until the pH value comes to neutral (pH=6-7) and then put in an oven at 100°C for 3
hours. Finally, the purified with well-developed mesoporosity activated carbon has been

recovered.
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Fig.1 Schematic diagram of (a) Single hot zone pyrolysis assisted chemical vapour deposition

setup and (b) Calibrated temperature profile across the furnace.

Multi walled carbon nanotube (MWCNTs) have been produced by simple pyrolysis method
[16] as shown in Fig.1. Initially 2 ml of benzene was taken in a measurement tube and then 25
mg of ferrocene was added to it. Then the mixture was put into the quartz tube whose one end
was closed and the other was attached to a rubber bladder to accumulate the remaining by
products. The quartz tube was put into an air oven at 850°C for four hours. Around 78mg of

carbon nanotube was obtained. MWCNTs are ultra-sonicated in an isopropyl alcohol (IPA) for



30 minutes to acquire the homogeneous diffusion and then heated at 550°C to take away the
amorphous carbon. The purification of MWCNTs have been followed as per the standard
procedure [17] and recovered 48 mg of purified MWCNTs.

The purified AC and MWCNTs (5 wt.%) were sonicated for 2 hours individually after grinding.
The nanocomposite was prepared by mixing together and put into the magnetic stirring for 5
hours. Finally the material has been recovered after drying in air for 2 hours at 80°C to get the

AC/MWCNTs binary nanocomposites.

3. Results and discussion

The surface morphology of as synthesized nanocomposite has been carried out by Scanning
electron microscope (SEM) are shown in Fig.2. The surface morphology of AC showing the
large number of pores responsible to access the electrolyte ions results into increase the specific
capacitance shown in Fig.2(a). MWCNTs shows uniform and aligned nature which responsible
for fast ions transportation results into increase power density. The average diameter was 155
nm as shown in Fig.2(b). Figure 2(c) represents the surface morphology of the composite and

distribution of MWCNTs in AC are well observed in the SEM images.
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Fig. 2 SEM images of (a) AC, (b) MWCNTs and (c) AC/MWCNTSs nanocomposite.

The crystal quality and phase purity of prepared nanocomposite were analysed by powder
XRD. Fig.3 (a) shows the XRD analysis of AC, MWCNTs and AC/MWCNTSs nanocomposite.
The peaks at 260 = 23.91° and 43.43° are the typical peaks with the diffraction plane (002)
and (101) observed for AC [18] confirm the presence of graphite crystalite with less broadening
i.e more crystality. MWCNTSs shows a strong peak at 26.08° with the diffraction plane (002 ),

reveals that nanotubes are cylindrical and multiwall in nature [19].
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Fig. 3 (a) XRD and (b) Raman spectra of AC, MWCNTs and AC/MWCNTSs nanocomposite.

The crystal structure with the diffraction plane (002) and (101) observed for AC/MWCNTs
nanocomposites as shown in Fig.3(a) and shows the increase in broadening i.e decrease in

crystality reveals presence of more defects might be due to the presence of MWCNTs.

Raman spectra of AC, MWCNTs and AC/MWCNTSs nanocomposite has been shown in Fig.3
(b). The characteristic bands of AC i.e. D and G bands at ~ 1338 cm™! and ~ 1598 cm™1 [20]
and similarly for MWCNTs, D band at ~ 1347 ¢m™! and G band at ~ 1573 ¢cm™! [21].The
characteristics bands of the composite, D band at ~ 1347 cm™! and G band at ~ 1581 cm™1.The
intensity ratio of D and G bands (Ip/1;) gives the amount of structural defects and (Ip/1;)
value for AC and MWCNTs are 1.09 and 0.98, where as for their nanocomposite this value
decreses to 0.93. This decrease in (I /I;) value reveals that the structural defects decreases
and G peak intensity increases in AC/MWCNTSs nanocomposite may be due to the presence of

MWCNTs.
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Fig. 4 Currqnt (I) —Voltage (V) curve of (a) AC, (b) MWCNTs and (c) AC/MWCNTs
nanocomposite.

The electrical properties of binary nanocomposite as well as the individuals are analysed by I-
V measurement as shown in Fig.4. AC is showing non ohmic due to the presence of impurities
as well as defects and the calculated sheet resistance and maximum current were 97.18K() and
0.11mA at 10V. MWCNTs gives the linearity behaviour of current with voltage implieses
ohmic nature and the sheet resistance and maximum current were 0.64KQ and 10.07mA at
5.28V. By incorporating MWCNTs over host AC,the sheet resistance and current have been
found 0.93KQ and 10.10mA at 9.31V. However, the current increase in nanocomposite
comparatively larger than AC. The improve in current i.e. increase in conductivity in
AC/MWCNTSs nanocomposite may be due to the presence MWCNTs. This result reveals that

comnbination of porosity with better conductivity in this composite could be used as a

electrode material for supercapacitor.



4. Conclusion

We have successfully prepared AC/MWCNTs binary nanocomposite by a simple processing
method.The structural properties of the prepared nanocomposite have been investigated. The
electrical study was analysed by current(l)-voltage(V) measurement of the nanocomposite
which confirmed the ohmic behaviour and increase in current i.e increase in conductivity is
due to the presence of MWCNTs. The finding suggests that the nanocomposite could be used

for supercapacitor.
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