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CARBON NANOTUBES’ PERFORMANCE
OF SUPERCAPACITOR

The carbon nanotubes (CNT) are widely used for electronics, hydro-
gen sorption, censors and catalysts. But the supercapacitors must pursue
high bulk energy density, and the electrode materials must be compacted.
CNT get the characteristics of excellent conductivity and thermal conduc-
tivity, high chemical stability and large specific surface area, which is a
very important research direction in the field of electrode materials for su-
percapacitors. It is expected to provide reference for the development of
high-performance carbon supercapacitors.

However, CNT and graphene are easily agglomerated materials due
to their large specific surface area, and the loss of easily accessible specific
surface area leads to the decline of capacitance performance [1]. Further-
more, the practical use of CNT is constrained by an unavailability of con-
trollable methods of CNT purification, activation and modification. The
problem consists in an organization of technologically and technically pos-
sible methods of CNT activation and estimation of its efficiency [2].

The purpose of this work is a study of electrochemical, capacitor
properties and morphological structure of CNT after their chemical treat-
ment in concentrated nitric acid and hydrogen peroxide.

93



The CNT were obtained in the generator of low-temperature plasma
in LLC "Advanced research and technology" (Minsk). The initial materials
were the methane-air mixtures, which were injected in plasma stream. The
flow consumption of mixture was achieved 1.5 m*/h in methane and 4 m*/h
in air. The power of generator was 28 kW. Thus, the initiated reactions of
partial oxidation and pyrolysis of hydrocarbons led to formation of the
structured carbon forms on hot reactor walls. The deposit (the sample No.1)
of the structured carbon was periodically gathered for the further use. The
obtained deposit was a black carbon powder 0.2 g/cm? in bulk density. Ac-
cording to the scanning electronic microscopy it was consisted of carbon
nanotubes 32-67 nm in diameter, nanofibrils and amorphous carbon

(Fig.1).
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Fig 1. SEM image of CNT (the samle No.1)

For the treatment of carbon nanotubes, the sample No.2 was accu-
rately weighed 0.2 g of CNT and dissolved in 50 ml of 20% sulfuric acid
solution, then 63% concentrated nitric acid was slowly added and all mix-
ture was heated on the electric furnace to 90 °C and held in 2 hours.

The phase structure of the material was characterized by X-ray dif-
fraction (XRD)
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Fig. 2 XRD spectra of the carbon nanotubes before
and after treatment
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Graphene shows great similarity in XRD with CNT and joints, re-
spectively, for the main peaks at =24 and 43° [3, 4, 5]. Generally, for car-
bon nanotubes, the first peak at the right refers to crystalline or amorphous
nature; thus, the width increases with reducing intensity or length, which
refers to exist in amorphous crystal form [6].

The energy dispersive X-ray analysis of CNT were carry out by en-
ergy dispersive X-ray Microanalysis together with scanning electron mi-
croscopy. When using energy dispersive X-ray analysis [8] of large-scale
CNT should be avoided since it may cause error in identification due to
overlap of peaks for CNT with many elements such as Fe Ka, Si Ka, Ti
Ka, Cr Ka, N1 Ka, Cu Ka, see Tabl. 1.

Tab. 1 - The energy dispersive X-ray analysis of the CNT
before and after treatment

Element SampleONol Sample No 2

mass %o mass%

CK 93,58 93,46

OK 2,91 4,79

SiK 032 032

Ti K 0,23 _

CrK 0,78 0,39

Fe K 1,41 0.56

Ni K 0,25 ]

CukK 0,53 0,48

The analysis showed two peaks corresponding to C Ka, O Ka, re-
spectively, related to the presence of C, and O elements in the sample No.1
and the sample No.2. The quantitative analysis for carbon nanotubes before
and after treatment confirms that the percentage weight of C, which corre-
sponds to CNTs, was lost 0.12%. It cannot be used to determine amorphous
carbon content. [5]. The O refers to the groups of oxide which are pro-
duced by a purification process by using nitric acid.

Expression peaks were observed at 2923 cm™ and 2850 ¢cm™ in the
absorption infrared spectra of pristine and modified carbon nanotubes re-
flecting fluctuations of C-C and C-OH bonds. The peak at 1716 cm™ corre-
sponds to the C=0 bond, which is characteristic of ketonic, carboxyl and
lacton groups. They can catalyze electrochemical hydrogen adsorption and
reduction processes. The expression peaks at 1578 cm! and 890 cm™! are
caused by deformation of the aromatic structure. The largest peak at 1200
cm’! most likely corresponds to phenolic oxygen. Compared with sample 1,
sample 2 is characterized by a peak at 1630 cm™!, indicating the presence of
a large number of C=C bonds. The smooth peaks corresponding to aro-
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matic structures and sp?> C-H bonds most likely reflect the removal of
amorphous carbon structures during the activation modification of CNTs.

CNTs were found to have lower impedance, which was attributed to
higher material retention during filtration. Figure 9 shows that the imped-
ance magnitude of CNT No. 1 is much lower than that of No. 2. This is de-
termined by the functionalization of nanotube surface groups such as car-
boxyl (-COOH), hydroxyl (-OH) and carbonyl (=C=0:) groups.
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Fig 3. Impedance diagrams of CNTs in 20% H2SO4

The study showed that the samples produced by drying the carbon
nanotubes all showed an RL equivalent network in series with another re-
sistor as part of the RC segment. This interesting high-frequency sensing
behavior is attributed to the wrapping of nanotubes around the pores of the
paper substrate [9]

The electrochemical performance of the three-electrode system was
tested on an electrochemical workstation, and the prepared electrode was
used as a research electrode for cyclic voltammety with a scan rate of 5-100
mV/s. The specific capacitance varies by several orders of magnitude from
~0.01 F/g to ~50 F/g at scan rates of 5-100 mV/s, and it is not significantly
affected by electrode quality, but varies with material composition and
electrolyte. Although the thickness of the electrodes is not commonly re-
ported in the literature, this suggests that the specific capacitance does not
depend critically on the electrode thickness.
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