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Carbon nanotubes (CNTSs) are synthesized by mechano-thermal method. The graphite was milled in air
atmosphere and subsequently annealed. The samples were characterized by XRD, SEM, TEM, UV-vis
spectrometer and FTIR. The TEM result showed that the CNTs has open and close-end structure. Two
different growth mechanisms were proposed for both structures. The absorption spectra were slightly
decreases and shifted to the longer wavelength. The optical bandgap for CNTs is 4.2 eV. FTIR
spectrum detected two CH, functional group and thought to exist at tips of the CNTSs.
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1. INTRODUCTION

Since the discovery of carbon nanotubes (CNTSs) in 1991 by lijima [1], this new form of carbon
has shown promising potential for application in many engineering fields due to their many unusual
properties. Long CNTSs are required to be used for some electronic and structural applications. The
longest CNTs have length up to several tens centimeters [2,3]. However, short nanotubes with open
tips is needed for other application such as chemical or energy storage [4,5]. The open tips facilitated
atomic or ionic diffusion and chemical reactions while the close tip hinders diffusion into the tube
interior. One of the important challenges in CNTs application lies in shortening and opening of CNTs
to attain novel mechanical, chemical and transport properties. Quite evidently, when these applications
go to an industrial stage, a large quantity of nanotube materials is required. However, high yield and
quality nanotubes are still not available in large quantities. Their production costs are also very high
[6]. Several methods have been attempted to get large quantity and low cost production. Among them,
mechano-thermal process seems to be the simplest process for producing large quantity CNTs [7]. The
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mechano-thermal process consists of mechanical milling and thermal annealing process. Besides, the
milling process has been able to get short and open ended CNTs [8]. Although CNTs have been
observed in milled graphite samples after annealing [9], we propose here the formation mechanism for
CNTs in a milled graphite sample after annealing. We also investigate the optical properties of the
CNTs.

2. EXPERIMENTAL PROCEDURE

Crystalline hexagonal graphite powders with a purity of 99.8% were mechanically ground at
room temperature using a planetary ball mill after 150 hours. The rotating speed of the vial was 400
rpm. The milled samples were annealed in an alumina tube furnace under a nitrogen gas flow at
1400°C for 4 hours. The microstructure of the milled and annealed samples was investigated using X-
ray Diffraction (XRD), Philips X’ pert MRD diffractometer with CuK ¢ radiation (A = 1.54056A),
SEM (Philips x (-40) and

TEM (LEO 912 Omega). Optical properties were examined using UV-VIS spectroscopy
(UVIKON 923 Double Beam UV-VIS spectrometer). The chemical functionalization was determined
using FTIR (Bruker IFS66V/S).

3. RESULTS AND DISCUSSION

3.1. XRD analysis

Fig. 1 shows the XRD patterns of as-received, milled and annealed samples.
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Figure 1. X-ray diffraction spectra of graphite sample: (a) as-received; (b) after 150 hours milling; (c)
after annealing
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The 26 diffraction peaks at 26.6° is attributed to the (002) plane for the graphite powder [10].
The diffraction peak at 55° in Fig 1(a) is presumably the impurity of the as-obtained raw graphite. The
similarity of the position of the (002) shows that the graphitization remains almost the same for all
samples. It proves that the fracture is much localised. It can be seen that the intensity of (002) peak
decreases for the milled sample as shown in Fig. 1 (b), while interestingly increases slightly after
annealing due to recrystallization (Fig. 1(c) ). It is recognized that the three-dimension (3D) orders of
crystalline graphite powders are destroyed during the milling process [11]. The mechanism can be
explained by the big mismatch of the very strong sp® C-C bonds that make up the graphene planes with
the weak Van Der Waals forces that hold these planes together. Preferential cleavage along the week
bonds combined stacks in c-axis direction but not the strong network of parallel to planar planes.
Samples that has been milled for a long period of time (150 hours) do not result in an amorphous phase
but form a better ordered crystallize structure. This is corresponding to long range reorganization of
graphite interlayer along the c-axis from nanostructured graphite. A noticeable peak broadening
occurred for the milled and annealed samples indicated the reduction of crystallite size as calculated
from Scherer formula and listed in Table 1.

Tablel. The crystallite size and band gap energy as-received, 150 milling and annealing samples.

Sample Crystallite size (nm) Band gap energy (eV)
As-received powder 35 5.2
Milled for 150 h 13 4.8
Annealed 15 4.2

3.2. SEM analysis

Figs. 2 - 4 show the SEM micrograph for as-received, milled and annealed samples.

Compared with the as-received sample, the graphite particle has been broken into small size by
mechanical force after 150 hour milling in air atmosphere. It can be seen that the sizes of particles are
reduced into a wide range of size distribution from hundreds of nanometers to several microns in the
form of aggregates. On one hand, the graphite particles split as result of the important internal strain
created by the high pressure applied to the grains. On the other hand, the highly divided particles tend
to agglomerate due to the high reactivity of their surfaces in order to minimize the surface energy [12].
The particles become highly agglomerated after the annealing process as shown in Fig. 4.
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Figure 4. SEM micrograph of annealed sample
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3.5. TEM analysis

200G

Figure 5. TEM image of open-ended analysis CNT

Clusters containing of CNTs were found in a annealed graphite sample. A typical TEM
micrograph taken from the edge of an image nanotube cluster is shown in Fig. 5. These CNTs have an
open-end with diameter and lengths are 73 and 626 nm, respectively.

Fig. 6 shows the TEM image of close end CNTs with diameter and length are 42 and 182 nm,
respectively. Most CNTs have one free end with the other connected to a cluster of carbon particles
suggesting that nanotubes grow out radially from the carbon clusters.

By analyzing the TEM image, we can deduce that nanotubes might be form from two different
growth mechanisms. This suggests different types of CNTs can be produced by mechano-thermal
process. In open-end growth mechanism, both end of nanotube remains open and without attachment
of cap during growth process. Free carbon atoms are supplied and added to the ends of nanotube. The
sequential absorption of C, dimer will form hexagon and added to the open end. This wills result
continuous growth of nanotube in needle axis. However, any absorption of Cs trimers will form
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pentagon at the dangling end of open end. The introduction of pentagons will cause positive curvature
which would start a capping of nanotube and terminate the process. Sometime the addition of
pentagons at the open end will leads to the changes of size or orientation of nanotube. Thus, any
introduction of pentagon would causes bending or curvature of nanotube. The free end nanotube
remains close and tube end connected to a cluster of disorder carbon source in the closed end
mechanism.

(00T
Figure 6. TEM image of close-ended analysis CNT
The continuous longitudinal growth of nanotube may be due to the addition C, dimer which
supplied by disorder carbon source. The bending of nanotube will due to absorption of Cj3 trimers

which similar to the open-end mechanism. The main different between open and close end mechanism
are due to the attachment of cap and attachment of tube.

3.6. UV —vis studies

Fig. 7 shows the absorbance spectra of as-received, milled and annealed sample.
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Figure 7. UV-vis spectra of (a) as-received, (b) milled and (c) annealed sample.

The corresponding spectra for all samples show a similar development. It indicates that the
UV-vis spectra obtained are specific for the CNTs studied. For milled and annealed samples, the
absorbance gradually decreases and the peaks were slightly moved to the longer wavelength. This is
partly due to scattering, especially in the lower wavelength range. In order to evaluate the optical band
gap energy, the absorption coefficient have been determined from the spectra using the Tauc relation
[14]

a=[A(v-Ey)"* ]/ (1)

where A and Eq is a constant and optical bandgap respectively. Plots of (ahv) 2 versus the
photon energy (hv) in the absorption region near the fundamental absorption edge indicate direct
allowed transition in the material as shown in Figs. 8-10. The optical band gap was estimated from the
extrapolation of the linear portion of the graph to the photon energy axis. It is shown in Table 1 that Eg
decreases for milled and annealed samples. This may due to the possibility of structural defects in the
samples during milling and annealing, which could give rise to the allowed states near the conduction
band in the energy bandgap.
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Figure 8. Tauc’s plot for as-received sample
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Figure 9. Tauc’s plot for milled sample
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Figure 10. Tauc’s plot for annealed sample
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3.8. FTIR Analysis

The FTIR spectrum of CNTSs is shown in Fig.11.

e

1 1
— ——
Tz
i
=
N
(0]
ol
o
(@)
3
AR

T v I

‘ l I [ . o bl
. Il |F |IH""-':'|II'..:I hn'-.z'.
fl ey

00D4 0005 0008 0010

Absorbance Units

ﬂr'

F
IR
n.'ﬂr ”
I

!

0000 0002

T T T T T T T
4000 SBE00 3600 00 200 2000 2800 2E00
Wavenumber cm-1

Figure 11. FTIR spectrum of annealed sample (2500 cm™ — 4000 cm™)

The bands at 2917 and 2850 cm-1 are due to asymmetrical and symmetrical stretching of -CH,
bonds, respectively [13]. Only very small quantity of —CH, functional group was detected. From the
small peak intensity, they are thought to exist at tips of the CNTs. However, we cannot deny the
possibility of being dangled from the surface of nanoparticles.

4. CONCLUSION

Dual type of (open and close end) CNTs were successfully produced through the mechano-
thermal process. In the open end CNTSs, both ends of nanotubes are without cap attachment during
growth. Meanwhile, pentagon was introduced for close end CNTs and causes bending to the nanotube.
The optical bandgap of CNTs is higher than the graphite powder due to defect and scattering during
milling and annealing. Very small quantity of CH, functional groups was detected and thought to exist
at the tips of the CNTSs.
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