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ABSTRACT
Carbon nanotubes contain impurities and deamorphization is one of the methods of their purification. In this study, for
the first time, a solution of piranha with a ratio of 3:1 (30 ml sulfuric acid + 10 ml hydrogen peroxide) as well as
microwave irradiation with processing time of 30 minutes were used to remove amorphous carbon from the nanotube
arrays. Ultrasonication was performed to disperse pristine and purified carbon nanotubes in water and centrifugation
was performed to separate large particles. To assess the removal of amorphous carbon, new characterization methods
such as dispersed percent and floating percent were used. It was observed that with increase in the ultrasonication time
(from 0 to 50 minutes), the dispersed percentage of treated arrays was increased (about 47%), while the floating
percentage of pure array decreased (about 20%). These results are ascribed to the removal of amorphous carbon. The
results of the thermo gravimetric analysis (TGA) were in good agreement with the results obtained from the newly

proposed characterization methods.

Keyword: Carbon nanotube array, Amorphous, Piranha, Microwave, Removal of amorphous carbon.

1. INTRODUCTION

Carbon nanotubes have attracted attention of
many researchers due to their unique properties
such as excellent conductivity, high length to
diameter ratio, mechanical, thermal, and electrical
properties [1,2,3]. They contain impurities, such
as metal catalysts, amorphous carbon, fullerenes,
and non-crystalline graphite. Therefore, their
optimal use requires purification [4]. One of the
purification methods is the use of chemical
oxidation, which includes two main methods: gas
and liquid phase oxidation [5]. Doss et al [6]
purified and functionalized carbon nanotubes with
HCI/H,0,, HCI, and KOH/H,0, solutions. They
showed that HCI/H,O; solution purified carbon
nanotubes more effectively than the other two
solutions. For each study, various ratios of
components, processing times, sonication times
and carbon nanotube types (powder / array) were
investigated. In each method, the carbon
nanotubes were poured into the solution and
sonicated for a certain time which was time
consuming [7]. In the present study, for the first
time, deamorphisation of carbon nanotube arrays

*: mmaghrebi@um.ac.ir

was performed using piranha solution in a ratio of
(1:3) with simultaneous microwave heating. This
allowed to perform the purification without
ultrasound treatment, having the microwave
heating of the nanotubes in the piranha solution as
the only purification step.

2. MATERIALS AND METHODS

In this study, two samples of multi-walled carbon
nanotube arrays were used: one sample produced
by Tarara company (amorphous) and the other
sample synthesized in Poland with a diameter of
40-60 nm and 97% purity, 98% sulfuric and 30%
hydrogen peroxide. In the first experiment, the
piranha solution was prepared using sulfuric acid
and hydrogen peroxide with a ratio of 1:3 (10 ml
hydrogen peroxide + 30 ml sulfuric acid).
Amorphous carbon nanotube arrays were then
poured into the solution and the mixture was
treated in a microwave oven at 80 °C with power
of 850 watts for 30 minutes [8]. After the
treatment, the nanotubes were washed with
distilled water. In the second experiment, piranha
solution was made with a ratio of 1:2 (10 ml
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purification procedure was carried out in the same
way as the previous experiment. In the third
experiment, amorphous carbon nanotubes were
treated in accordance with the first experiment by
only changing the microwave purification time to 10
and 60 minutes [8]. Finally, deamorphization of the
carbon nanotubes was analyzed using several
methods, namely, dispersion percentage, floating
percentage, and thermal weighing analysis.

3. RESULT AND DISCUSSION

According to Figure 1.a, the dispersed percentage
increases with increasing ultrasonic time in all
samples. The processed carbon nanotube array has
a higher dispersed percentage than the amorphous
array.

The processed array is probably better
dispersed due to less amorphous and the
placement of functional groups on the surface of
the nanotubes. Also, the pure array has low
dispersion due to strong van der Waals forces
between the nanotubes [9, 10].

139

In Figure 1.b, the floating percentage decreases with
increasing ultrasound time in all samples. The
amorphous array has the highest floating percentage
and the pure array has the lowest. Low amounts of
amorphous increases the separation rate of nanotubes,
thus reducing the amount of floating [9, 10].

According to Figure 2.a, the dispersed
percentage of different arrays decreases with
increasing centrifuge time and is almost constant
at the end. The processed array also has the
highest dispersion. It can be said that with
increasing centrifuge time, large particles stick
together quickly and after centrifugation,
nanotubes in water have reached stability. Also,
due to the presence of less amorphous and more
functional groups of processed arrays, this sample
has a higher dispersed percentage [9, 10].

As shown in Figure 2.b, the floating
percentage increased with increasing centrifuge
time and reached a constant level over time for all
samples. Also, the amount of floating in the pure
array was less than other arrays. The other results
are similar to Figure 2.a [9, 10].
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Table 1. Ratio of different values of functional groups, amorphous carbon and ash to carbon graphite

Array type Functional group Amorphous carbon Ash
Pure array 0 0 0.19
Amorphous array 0 7 0.3
Processed array 0.4 3.4 0.2
Calculated ratios of functional groups, amorphous Properties and Characterization of

carbon, and ash in different arrays are presented in
Table 1. The processed array has less amorphous
carbon and ash than the amorphous array. In
addition, some functional groups are also
observed in the processed array. Treatment of
carbon nanotubes with the piranha solution may
have removed the impurities [8, 9].

4. CONCLUSION

In this study, a solution of piranha with a ratio of
(3:1) as well as microwave irradiation with
processing time of 30 minutes were used to
remove amorphous carbon from the nanotube
arrays. The percentage of dispersion was the
highest in the processed array (about 47%) and
the lowest in the pure array (about 30%). Also, the
floating percentage was the lowest in the pure
array (approximately 20%) and the highest in the
amorphous array (approximately 63%).
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