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ABSTRACT. In this work, the electrochemical properties of surface treated multi-walled carbon nanotubes (MWNTSs) were studied.
Nitrogen and oxygen functional groups of the MWNTs were introduced by urea and acidic treatment, respectively. The surface
functional groups of the MWNTSs were confirmed by X-ray photoelectron spectroscopy (XPS) measurements and zeta-potential method.
The characteristics of N, adsorption isotherm at 77 K, specific surface area, and total pore volumes were investigated by BET eqaution,
BJH method and #-plot method. Electrochemical properties of the functionalized MWNTSs were accumulated by cyclic voltammetry at
the scan rates of 50 mVs™ and 100 mVs™ in 1 M H,SO. as electrolytes. As a result, the functionalized MWNTs led to an increase of
capacitance as compared with pristine MWNTSs. It was found that the increase of capacitance for urea treated MWNTSs was attributed
to the increase in density of surface functional groups, resulting in improving the wettability between electrode materials and charge
species.
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Fig. 1. Nz adsorption/desorption isotherms at 77 K as a function of surface treatment.

Table 1. Porosity parameters of the MWNTs as a function of surface
treatment

Table 2. Zeta potential value of the MWNTs as a function of surface
treatment

Specimens SpeT” Viie” Vine A Vime/ Vi Specimens MWNTs O-MWNTs U-MWNTs UO-MWNTs
MWNTs 240.83  0.0037 1.5733 1.5770  0.9977 Zetapotential (mV) -28.68  —44.32 -17.26 —24.53
O-MWNTs  207.06 0.0030 0.7657 0.7687  0.9961

U-MWNTs 216.51  0.0035 1.0418 1.0453  0.9967 7] F& o)) Su)E] #] o= 9] o 9] =] skgdc}. ¢ Derjaguin-
UO-MWNTs 155.37 0.0023 0.3570 0.3593  0.9936

a . 21\ b 31 ¢
specific surface area (m”g ). “micropore volume (cm’g ). ‘mesopore
volume (cm3g'l). Ytotal pore volume (cm3g'l).
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Table 3. Elemental composition of the MWNTs as a function of sur-
face treatment

Atomic conc. (%)

Specimens
C (¢} N
MWNTs 98.08 1.92 -
O-MWNTs 93.17 6.83 -
U-MWNTs 97.67 1.21 1.12
UO-MWNTs 95.55 1.98 2.47
(a)
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UO-MWNTs

(b)

T T T T
396 398 400 402 404

Binding energy (eV)

Fig. 2. N;s XPS spectra of U-MWNTs (a) and UO-MWNTs (b).
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Fig. 3. Cyclic voltammograms of MWNTs-based on EDLCs electrode
at the scan rate of 50 (a) and 100 (b) mVs™ in 1 M H,SOs.
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Fig. 4. Impedance spectra of surface treated MWNTs using MWNTs (a), O-MWNTs (b), U-MWNTs (c), and UO-MWNTs.
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