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Abstract

In this study, carbon nanotubes (CNTs) were synthesized directly on coated silicon substrate via commercial microwave oven at 2.45 GHz
for 3 minutes (Sample A) and 4 minutes (Sample B). The plasma provides the required temperature for catalytic decomposition of carbon source
(polyethylene) at 750 ◦C under atmospheric pressure. Raman spectroscopy, Field Emission Scanning Electron Microscopy (FESEM), High
Resolution Transmission Electron Microscope (HRTEM), X-ray diffractometer (XRD) techniques are used to characterize the as-synthesized.
Results indicate that, the calculated carbon quality was found to be 1.01 and 1.02 for sample A and sample B respectively with average diameter
range of (6.0 to 10.0) ± 0.5 nm. The high intensity ratio is attributed to the defect mode in the CNTs. Also, the analysis from FESEM shows
twisted and randomly oriented structures with an interlayer spacing of about 0.35 nm in the internal structure of most CNTs. HRTEM further
confirmed the interlayer spacing of about 0.35 nm corresponding to FESEM result. The crystallinity of the CNTs was obtained via X-ray
diffraction techniques. Lastly, the results indicate sample A and B produces CNTs, with sample B having more graphitic structure than sample A
due to duration of synthesis process.
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1. Introduction

Carbon nanotubes (CNTs) are carbon-based nanomaterials which
has attracted much interest from scientific community due to
its exceptional carbon-carbon bonding which assists carbon to
form its allotropes, such include carbon nanofibers; graphites;
graphenes and carbon quantum dots [1, 2, 3, 4, 5]. These ex-
ceptional properties possess by the nanomaterials tremendously
revolutionize the area of carbon-based nanoscience such as elec-
trical, thermal, chemical and mechanical properties [1, 6]. These
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carbons-based nanomaterials have several potential applications
due to is unprecedented properties amongst such are supercon-
ductivity, Drug delivery, Field Emission, Sensor and Super ca-
pacitors [7, 8, 9]. Researchers developed keen interest on how
to synthesize this carbon-based nanomaterial among such meth-
ods are arc discharge [6], laser ablation [10] and chemical va-
por deposition [11]. However, these techniques of synthesizing
CNTs are believed to be time consuming and expensive, in or-
der to eliminate that, an attempt was made in this study to syn-
thesize CNTs on silicon substrate using commercial microwave
oven with operating power of 600 W at 2.45 GHz utilizing the
microwave energy [4, 12]. The synthesis utilizes microwave
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heating due to its advantages over the conventional methods
such as rapid reaction time and volumetric heating which pro-
vides the temperature needed for the catalytic decomposition of
carbon precursor (Polyethylene) [13, 3, 4]. Polyethylene has
dielectric loss tangent at 2.45 GHz, which makes it a good con-
ducting polymer for the synthesis [4, 14].

2. Materials and Methods

All materials were used as purchased without further pu-
rification. The microwave was modified with cylindrical quartz
tube to serve as the reaction chamber (reactor). The experi-
ments were carried-out in tubular reactor (quartz tube) of length
55.4 ± 0.1 cm, with outer and inner diameter of 7.1 ± 0.1 cm
and 6.6 ± 0.1 cm, respectively. The carbon precursor of about
100 mg was used and iron (III) nitrate (Fe (NO3)3.9H2O) as
catalyst [4]. The 1 g of iron (III) nitrate was dissolved in 50
ml of ethanol, which was impregnated on the two substrates
and allowed to dry at ambient temperature. The substrate was
placed in oven for 1 hour at 200 ◦C to convert the catalyst into
iron oxides [15]. Carbon source and substrate were placed in-
side the reaction chamber and the pressure inside was reduced
to 0.81 mbar by rotary vacuum pump. The process of plasma
formation and decarbonation was carried out as explained [4].
Thermocouple was embedded inside the chamber to measure
the temperature of the synthesis process at 750 ◦C for 2 min-
utes – 3 minutes. A black deposit was found on the substrate
surface after the synthesis process [4, 12]. The deposits were
allowed to cool down at ambient temperature before character-
ization [4, 12]. The carbon quality was analyzed using Witec
Alpha 300R confocal Raman microscope with laser excitation
energy of 532 nm. Morphological investigation was carried out
using Field Emission Scanning Electron Microscope (FESEM,
S3400N Hitachi). High Resolution Transmission Electron Mi-
croscopy (HRTEM) images were obtained using a FEI TECNAI
G2 F20 X-TWIN. X’pert Highscores and Image J processing
software was used to obtained the level of crystallinity and di-
ameter of the as-synthesized. The schematic representation of
the experimental setup is illustrated in Figure 1. The commer-
cial microwave oven was modified with small diameter of holes,
where quartz tube of volume 1860 cm3 was inserted perpendic-
ular to the position of the waveguide inside the microwave cav-
ity. The tube was made vacuum with the help of teflon cap and
rotary vacuum pump below atmospheric pressure continually
throughout the experiment [3, 4, 12].

3. Results and Discussion

Raman spectrum in Figure 2 shows two prominent peaks
in the first-order Raman scattering at 1336.77 cm−1 as D-band
and 1588.50 cm−1 as G-band of the synthesized CNTs in Sam-
ple A. The D-band indicates the disordered carbon atoms and
G-band indicates the ordered carbon atoms on the CNS [4, 16].
Carbon quality can be deduced using the ratio of the defect in-
tensity (ID) to graphite intensity (IG) [11, 13]. The intensity
ratio (ID/IG) of the obtained CNTs was calculated to be 1.01,

Figure 1. Schematic of the experimental setup

Figure 2. Figure 2 Raman spectra of Sample A

which shows the carbon nanostructures are graphitic and con-
tain amorphous materials as defects.

The FESEM image shows the growth of twisted and ran-
domly oriented structures. Figure 3 (a) - (b) shows FESEM im-
age of the CNTs obtained from plasma catalytic decomposition
of carbon precursor on coated substrate. The diameter distribu-
tions were calculated from FESEM image (Figure 3 (a)) using
Image J image processing software and the obtained data were
used to plot the histogram as presented in Figure 4. The his-
togram also shows the highest average diameter range at (6.0to
10.0) ± 0.2 nm. The CNTs diameters are in comparison with
related works and it is believed that the catalyst particle size
has significant effect on the CNTs diameter due to interaction
between the catalyst and the substrate [4, 17].

The Raman shift (wave number) indicates the graphitic na-
ture of the CNTs in Figure 5, this shows the Raman spectra of
Sample B with first-order Raman scattering at 1336 cm-1 and
1604 cm-1 representing D and G-band respectively [18]. The
intensity ratio of ID/IG of the CNTs is calculated to be 1.02 [4,
11, 13], and intensity (ID) increment may arise due to the pres-
ence of defects from the edges and amorphous carbon remains
in the CNTs [13]. The Raman shift for both samples tends to
have higher order degree of vibrations at the range 2500 cm-1
– 3000 cm-1 as the crystal size decreases.
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Figure 3. FESEM image of Sample A (a) 100,000 magnification (b)
400,000 magnification

Figure 4. Diameter distribution of Sample A

The surface morphology of CNTs was investigated using
FESEM. The images from FESEM shows surface morphology
of the CNTs were twisted and randomly oriented structures
[13]. As clearly indicated in Sample B (Figure 6 (a) - (b)),
the CNTs were twisted and randomly oriented structures due
to amorphous carbon attributed to the D-band level in Raman
spectra (Figure 5). The arrows indicate remains of catalyst em-

Figure 5. Raman spectra of Sample B

Figure 6. FESEM image of Sample B (a) 100,000 magnification (b)
150,000 magnification with arrows indicating remain of catalyst

bedded inside the nanotubes (Figure 6 (b)), due to capillary ef-
fect which depend on the catalyst-substrate interaction [13].

The histogram shown in Figure 7 was computed based on
the data collected from Figure 6 using Image J, image process-
ing software. This shows the diameter distribution of the ob-
tained CNTs with error bars, and most of the obtained CNTs
have highest average diameter range at (6.0 to 10.0) ±0.5 nm.
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Figure 7. Diameter distribution of Sample B

The CNTs diameters are in comparison with related works and
it is understood that the catalyst particle size has significant ef-
fect on the CNTs diameter [4, 17].

The HRTEM analysis was conducted to verify the quality
of the as-synthesized. Micrograph from HRTEM confirms the
as-synthesized indeed consist of good graphitic sheets in agree-
ment with Raman spectroscopy. The HRTEM image shows the
samples (A and B) are twisted and randomly oriented structures
in agreement with FESEM results as depicted in Figure 8 (a) -
(b) respectively. The graphitic sheets were parallel and are sep-
arated uniformly of about 0.35 nm in distance between each
sheet [4, 19].

The crystalline structures of the as-synthesized were ana-
lyzed. Diffraction pattern indicate the samples are crystalline
in nature, all the samples have sharp peak position at 25.2◦ (in-
dexed as C(002)) attributed to the inter-layer spacing of 0.35 nm
which could be assigned to the hexagonal structure of graphite
sheets forming the CNTs [4, 20, 21]. The peak at 13.77◦, 16.56◦

and 18.33◦ are attributed to the catalyst as shows in Figure
6 (a) - (b) . The peak at 28.08◦ indicate graphitic nature of
the as-synthesized corresponding to the inter-layer spacing of
about 0.35 nm layer graphite, as shown in Figure 9 (a) - (b) [4,
20, 21] . From, Figure 9 (b) CNTs was clearly seen in sam-
ple B than in sample A, may be due to duration of synthesis
. Therefore, the obtain products indicate presence of hexago-
nal graphite which correspond to CNTs, since they consist of
graphitic sheets folded into hollow cylinders, and the distance
between cylinders sheets is very close to that of layer graphite
[19]. Furthermore, the XRD also indicates the level of samples
purity. Hence, the main elemental compositions in the study
samples were carbon, iron and silicon which arises from the
carbon precursor, catalyst and subrates respectively. The carbon
content in the samples is about 95% purity of the as-synthesized
as shown in Figure 9 ((A) and (B)), in conformity with research
reports [4, 12, 13, 22, 23].

4. Conclusion

The experimental setup successfully synthesized CNTs. The
synthesis pressure and temperature were maintained at 0.81 mbar

Figure 8. HRTEM image at 10 nm on Sample (a) A (b) B

and 750 ◦C respectively and the reaction was carried out for a
period of 3 minutes and 4 minutes for sample A and sample
B respectively. The by-products of the reaction were allowed
to reach ambient temperature, and then collect for characteriza-
tion.
The Raman spectra show the graphitic nature of the as-synthesized,
and the defects indicate the presence of amorphous carbon. The
quality of the graphite is calculated to be 1.01 and 1.02 in Sam-
ple A and B respectively. From the FESEM images, it shows
the formation of twisted and randomly oriented structures. The
irregularities in the shape of the structure are attributed to amor-
phous carbon. The diameter of the as-synthesized is determined
by the catalyst size as observes. Image J image processing soft-
ware is used to estimate the diameter distribution, with most of
the CNTs at (6.0 to 10.0) ± 0.5 nm in both samples. Catalyst en-
capsulated inside the as-synthesized shows the characteristic of
CNTs obtained via microwave oven [13]. The HRTEM analysis
further confirms the presence of twisted and randomly oriented
structures. The remains of catalyst in the nanotubes tips and
bottom were due to capillary action which arises from catalyst-
substrate interaction. The XRD analysis shows the crystallinity
of the as-synthesized. The diffraction pattern from X’pert High-
scores software reveals the crystalline nature consists of inter-
layer spacing of about 0.35 nm close to a typical graphitic sheet.
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Figure 9. XRD pattern of Sample (a) A (b) B

Characterization analysis indicates that samples are CNTs. Al-
though, the sample duration of 3 minutes (Sample A) shows a
CNTs structure with little amount of carbon content compared
to sample B with 4 minutes duration, which basically shows that
time actually has an effect in the formation of a well graphitic
CNTs. The develop plasma technique is economical, less time
consuming in an eco-friendly manner for synthesizing carbon-
based nanostructures as compared with related work [4, 12, 13,
21, 22]. We recommend researchers to focus on the optimum
condition; the defects zone in the carbon structure may be mini-
mal, and result to even distribution of nanoparticles deposition.
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