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ABSTRACT 

 
Carbon nanotubes are grown on graphite sheet, carbon cloth and other materials 

by chemical vapor deposition (CVD) method. The electrochemical behavior of carbon 
nanotubes has been investigated by cyclic voltammetry in 1.0M H2SO4 aqueous 
solutions. High "effective capacitance" and rectangular-shaped cyclic voltammograms at 
high scan rate (100 mV/s) have been observed, which makes these carbon nanotubes of 
great interest as electrodes in supercapacitors. The material is very stable on cycling and 
no significant difference has been seen after continuous cycles over 30. 
 

INTRODUCTION 
 

Carbon nanotubes are very interesting materials in the sense of their structure and 
their size in the nanometer range, which leads to that they have highly accessible surface 
area, low resistivity, and high stability [1-3]. These features are ideally desired for carbon 
nanotubes to be used as electrodes in supercapacitors [4]. 
 

EXPERIMENTAL 
 

Carbon nanotubes were grown directly on several substrates: graphite sheet, 
carbon cloth and graphite sheet covered with activated carbon by chemical vapor 
deposition (CVD) method using acetylene (C2H2) and ammonia (NH3) [5-7]. Ni particles 
were deposited on the substrates  and used as catalyst. Before the measurement of cyclic 
voltammogram, samples were immersed into 15% wt. HNO3 aqueous solution for 30 
minutes in order to remove the metallic particle (catalyst) and increase the wettability of 
the surface of the carbon nanotubes in aqueous solution. PC4 Potentiostat/Galvanostat 
(Gamry Instruments Inc. Warminster, PA 18974) was employed for the cyclic 
voltammetric (CV) measurements in 1.0M H2SO4 aqueous solutions. A platinum wire 
served as the counter electrode, and a saturated calomel electrode (SCE) was used as 
reference electrode. 

 
         
 

* To whom correspondence should be addressed. Email address: renzh@bc.edu. Telephone: 
617-552-2832. Fax: 617-552-8478. 



 

 2 

RESULTS and DISCUSSION 
 

Carbon nanotubes were grown on three kinds of substrates: activated carbon-
coated graphite foil, bare graphite foil, and carbon cloth. The SEM images of the carbon 
nanotubes are shown in Fig.1, Fig.2 and Fig.3 respectively. Nanotube bundles can be 
found in Fig.1 and Fig.3. 

 
 

  
                    (a)                                                                      (b) 
 

Figure 1. SEM images of carbon nanotubes grown directly on activated carbon-coated graphite foil. (a) 
low magnification to show the uniformity in large area and length; (b) high magnification to show the 
diameter. 
 
 

  
                    (a)                                                                          (b) 

 
Figure 2. SEM images of carbon nanotubes grown directly on the graphite foil. (a) low magnification to 
show the uniformity in large area and length; (b) high magnification to show the diameter. 
 



 

 3 

Figure 4. Cyclic voltammogram of sample #1 in 1.0M H2SO4 
aqueous solution. Sample #1: carbon nanotubes were grown
directly on the graphite sheet substrate covered with activated
carbon. Scan rate: 100mV/s.
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Figure 5. Cyclic voltammogram of sample #1 in 1.0M H2SO4 
aqueous solution. Sample #1: carbon nanotubes were grown
directly on the graphite sheet substrate covered with activated
carbon. Scan rate: 25mV/s.
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                      (a)                                                                      (b) 

 
Figure 3. SEM images of carbon nanotubes grown directly on carbon cloth substrate. (a) low 
magnification to show the uniformity in 
large area and length; (b) high 
magnification to show the diameter. 
 
   The electrochemical 
properties of these nanotube 
electrodes were studied by cyclic 
voltammetry in 1.0M H2SO4 
aqueous solution.  The typical 
cyclic voltammograms (CVs) are 
shown in Fig.4, Fig.5, Fig.6 and 
Fig.7. These CVs are featureless 
voltammograms and no Faradic 
peaks can be observed  between 0 
to 0.9 V (vs. SCE). This result has 
also been observed for the single-

walled carbon nanotubes [4]. 
Rectangular-shaped cyclic 
voltammograms over a wide range 
of scan rates is the ultimate goal in 
electrochemical double-layer 
capacitors. This behavior is very 
important for practical applications. 
In Fig.4, Fig.5, Fig.6 and Fig.7, 
These carbon nanotube electrodes 
can retain the rectangular shape of 
CVs up to a high scan rate 
(100mV/s). This means the charge 
and discharge processes are very 
fast at the interface between the 
nanotube electrode and electrolyte 
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Figure 6. Cyclic voltammogram of sample #2 in 1.0M H2SO4 
aqueous solution. Sample #2: carbon nanotubes were grown
directly on the graphite sheet. Scan rate: 100mV/s
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Figure 7. Cyclic voltammogram of sample #2 in 1.0M H2SO4 
aqueous solution. Sample #2: carbon nanotubes were grown 
directly on the graphite sheet. Scan rate: 25mV/s

E (V/SCE)

0.0 0.2 0.4 0.6 0.8 1.0

I (
A

/c
m2  )

-0.004

-0.002

0.000

0.002

0.004

0.006

substrate with carbon nanotubes
substrate

solution. The featureless CVs and high speeds of charge and discharge suggest a possible 
application of this kind of multi-walled carbon nanotubes to supercapacitor. The material 
is stable on cycling and no 
significant difference can be seen 
after continuous cycles over 30 
cycles. 
 
   The results in Fig.4, Fig.5, 
Fig.6 and Fig.7 show that the 
electrochemical capacitance of the 
electrode increases obviously when 
carbon nanotubes are grown on the 
substrates. The mass of carbon 
nanotubes grown on the substrate is 
obtained from the difference of total 
weight of the electrode before and 
after the growth of carbon 
nanotubes. The capacitance is 
calculated from the CV curves, with 
C = ∫idt/∆V, where i is the current. 
The increases of the effective 
capacitance per unit weight of 
carbon nanotubes can be calculated, 
for example, at the scan rate of 
25mV/s, are 98.6 F/g and 140 F/g 
for sample #1 and sample #2, 
respectively.    
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