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Surface modification of carbon nanotubes has been an interesting issue from a composites materials point of view. A nanotubes
agglomeration has to be avoided to achieve a homogeneous dispersion in a composite matrix. In this research, we report on the
synthesis of carbon nanotubes using a variant of the chemical vapor deposition technique known as spray pyrolysis method. X-ray
diffraction (XRD), transmission electronmicroscopy (TEM), and scanning electronmicroscopy (SEM) studies showed that the syn-
thesized products had an aligned structure with low purity degree, high content of catalyst particles, and a smaller amount of amor-
phous carbon. A secondarymethodwas applied, which involves an acidic treatment that dissolves contaminant particles to enhance
the purity of the nanotubes. Microstructural analysis, which includes XRD and SEM, indicates an effective reduction of impurities.
Dispersion of the nanotubes was assessed using different surfactants, such as sodium dodecyl-sulfate (SDS) and ethylenediaminete-
traacetic acid (EDTA). Finally, Raman spectroscopy, UV-Vis, and SEM techniques confirm that better results were obtained with
EDTA. For EDTA and SDS surfactants, low concentrations of 0.3mg/mL and 0.2mg/mL were most efficient, respectively.

1. Introduction

Since their first appearance in 1991 [1], carbon nanotubes
(CNTs) have attracted the scientific attention due to their
superior properties, both physical and mechanical. Some
features may significantly vary referring to a walled number
of the CNTs. For example, its transport properties could be
different, and it depends on their structure: chiral, armchair,
or zig-zag. The cases of chiral or zig-zag depend on vector
index (𝑛,𝑚). If (𝑛−𝑚)/3 ratio is an integer number, the CNTs
have metallic character. Besides, if the above ratio is an irra-
tional number the CNTs have semiconductor character. On
the armchair structure, all CNTs have a metallic behavior, as
(𝑛,𝑚) indexes are always equal, and (𝑛−𝑚)/3 = 0 [2, 3]. How-
ever, specific studies are necessary to determine the conduct-
ing behavior of the multiwalled CNTs (MWCNTs). Different
techniques have been addressed to obtain carbon nanostruc-
tures, such as arc discharge, plasma spraying, and chemical
vapor deposition (CVD) [4–6]. These methods may have a

considerable impact on the properties of the CNTs, including
but not limited to strength, Young’s modulus and high
electrical and thermal conductivity [7–10]. Within synthesis
techniques, spray pyrolysis, which is a variant of the CVD
method, offers certain advantages such as large scales of nan-
otubes production, surfacemorphology, packing degree, con-
trol over the number of walls and, especially, control of their
dimensions [11–14]. There are several similarities between
CNTs synthesized by the spray pyrolysis method and con-
ventional CVD process. Both techniques need a catalyst to
promote the nanotubes growth. However, differences reside
in the form of the catalyst used in each process. Conventional
CVD uses a stationary catalyst which leads to the presence of
well-aligned CNTs. Spray pyrolysis uses catalytic nanoparti-
cles present in the gas phase that increases randomness in the
process of CNTs growth resulting in less alignment, improv-
ing nanotubes dispersion. Besides alignment, purity of CNTs
is a bigger concern. Thus, poor solubility of precursors and
the type of solvents largely affect quality and purity of the
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products. On the other hand, the advantages of the species
nebulization in the spray pyrolysis process are its use at an
industrial scale and are cheaper than conventional CVD [15,
16]. About purity, catalytic particles and other carbon struc-
tures, which are impurities in the CNTs, need a secondary
process. Among them, an acidic treatment using different
acids, such as HNO3 and HCl, is frequently used [17, 18].

The final processing of CNTs is according to their poten-
tial applications where two main routes can be found. The
first, known as functionalization, involves applying treatment
with some compounds or particles (e.g., Ag and Au), which
have the capacity to be adsorbed on the CNTs surface,
modifying it in such a way that it can perform a particular
task. Second, dispersion and stabilization, using surfactant
agents, get adsorption to the surface, but in this case, their
function is to overcome the electrostatic forces that keep the
CNTs attached.

Functionalized carbon nanotubes can be used to improve
the CO gas sensing performance, detection, and quantifica-
tion of polyphenols and other compounds, as well as drug-
delivery systems to target cancer diseases [19–22]. On the
other hand, dispersed CNTs are preferred as reinforcement
in all kinds of matrices (polymers, ceramics, and metals and
alloys) to enhance fundamental properties [23–25].

Thus, the present work focuses on the high-purity syn-
thesis, acids purification, and stable dispersion ofmultiwalled
CNTs for their following application as reinforcement mate-
rial in metallic matrix composites. The synthesis was carried
out by the chemical vapor deposition process, while the
dispersion of the nanotubeswas performedusing commercial
surfactants. This work is a continuation of a report presented
at International Materials Research Congress [26].

2. Experimental

The spray pyrolysis technique was used to synthesize the
MWCNTs, according to Andrews et al. [27], with minor
modifications. First, a solution of ferrocene and toluene
(catalyst and carbon precursor, resp.) was prepared.Then this
solution was nebulized and fed into a quartz tube, which
acts as a substrate in a horizontal hot-wall reactor at 850∘C.
The argon flow was maintained for about 40 minutes, so the
growth reaction of the nanotubes can be completed.

In order to improve the purity degree, 1mg of CNTs was
mixed with a solution of hydrochloric and nitric acid (1 : 1)
and kept under stirring for 90 minutes. The nanotubes were
filtered and washed with distilled water to remove any waste
from the acids.

Sodium dodecyl-sulfate (SDD) and ethylenediaminete-
traacetic acid (EDTA) from Sigma-Aldrich were used as
surfactant agents to achieve a stable dispersion of the CNTs
in 7mL of isopropyl alcohol. Then, different amounts of
surfactant were added to get concentrations of 0.05mg,
0.10mg, 0.20mg, 0.30mg, 0.50mg, and 0.80mg of surfactant
per milliliter of solvent. Onemilligram of CNTs was added to
the solution and treated with ultrasonic bath for 90 minutes.
UV-Vis and Raman spectroscopies (using a Beckman DU-
20 spectrophotometer and a Bruker Senterra microscope,
resp.), scanning electron microscopy (JEOL JSM-6400), and

transmission electron microscopy (Philips Tecnai F-20) were
used as structural characterization techniques to study the
dispersion degree and carbon nanotubes integrity.

3. Results and Discussion

3.1. CNTs Synthesis. Figure 1 shows TEM micrographs of
the as-synthesized CNTs. Figure 1(a) illustrates a bright field
TEM image showing CNTs agglomeration with a high degree
of contaminant catalytic particles. Figure 1(b) is a dark field
image that shows bright areas belonging to the residual
catalytic particles on the CNTs’ surface. From an HREM
image (Figure 1(c)), multiwalled CNTs are observed with an
outer diameter of 20 nm approximately, with a range from
50 to 55 graphene layers. The HREM image in Figure 1(d)
shows a residual iron catalytic particle with interspacing
distances corresponding to (110) crystallographic planes of
their cubic bcc structure. This type of agglomeration and
catalytic nanoparticles contaminant has beenwidely reported
in spray pyrolysis synthesis methods [16].

An XRD study was applied to establish the nature of the
contaminant particles as well as the purification treatment
efficiency (Figure 2). The corresponding pattern to the as-
synthesized CNTs is shown in Figure 2(a). Characteristic
reflections from the carbon graphitic structure (002), (100),
and (101) can be observed, as well as the iron bcc cubic
structure (110) planes according to JCPDS 03-065-6212.

Figure 2(b) shows the XRD pattern of the CNTs after
the purification treatment. As the Fe reflections in the
Bragg angles reduce, 2𝜃 = 43∘ and 78∘, their contamination
decreases considerably, although it is still present in mini-
mumamounts. However, because of the considerable amount
of OH groups present during the process, some Fe oxidation
is promoted in the form of FeO2.

In addition to the XRD study, a SEM analysis was
carried out to evaluate the morphology of the CNTs and
the efficiency of the purification treatment. Figures 3(a)-
3(b) present micrographs at different magnifications of the
as-synthesized CNTs showing a high packing degree and a
considerable amount of contaminant particles. As shown in
Figures 3(c)-3(d), CNTs display a substantial change after
purification, especially for the significant reduction of the
contaminant particles.Theweight percentage of contaminant
particles before and after the cleaning process was 6.55%
and 2.49%, respectively, obtained from the EDS analysis,
indicating a reduction in the residual Fe particles, products
of the synthesis process.

3.2. Dispersion of CNTs Using Different Surfactants. Both
compounds SDS and EDTA were studied using the UV-
Vis technique to establish the influence of surfactant nature
over the dispersion of CNTs. Figures 4(a)-4(b) correspond
to the UV-Vis spectra of the dispersion of CNTs using
different concentrations of the surfactants. It can clearly be
seen that the characteristic absorption band of the CNTs
is found to a wavelength of ∼275 nm [28]. When using
EDTA (Figure 4(a)), better results were obtained with a
concentration of 0.30mg/mL; shown by the curve with the
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Figure 1: TEM micrographs of the as-synthesized CNTs: (a) bright field image, (b) dark field image, the brightest phase corresponding to
residual catalytic particles, (c) HRTEM image showing the presence of MWCNTs, and (d) HRTEM image of the CNTs with Fe particle.
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Figure 2: XRD patterns of the (a) as-synthesized CNTs and (b) after the acidic treatment.
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Figure 3: SEM micrographs of CNTs: (a-b) as-synthesized and (c-d) after purification process, at different magnifications.

higher absorbance, this means a larger amount of sample
absorbing in this range. In the case of SDS (Figure 4(b)),
the better absorption result in the CNTs was observed with
a 0.20mg/mL concentration, lower than that for the EDTA.

Concentrations from middle to low present good results
in dispersing the MWCNTs, as the UV-Vis studies show.
Regarding fundamental principles, achieving dispersion is
necessary to overcome the Van der Waals forces that act
betweennanotubes. Surfactants such as SDS andEDTAcreate
energy barriers that prevent further agglomeration. However,
when the concentration of molecules reaches a certain value,
the surfactant tend to precipitate. This effect is because the
end of the chain that is not attached to the CNTs creates an
electrostatic field, resulting in the increase of the surfactant
chain length that leads to flocculation [29]. Therefore, low
concentration of surfactant is desirable to obtain a stable and
homogenous dispersion.

Figure 5 presents SEMmicrographs of the best results for
the dispersion of CNTs using the two different surfactants.
Clearly, EDTA was most effective than SDS at achieving
a good dispersion of the CNTs (Figure 5(a)). The best
dispersion was obtained using an EDTA concentration of
0.30mg/mL. On the other hand, a SDS concentration of
0.20mg/mL (Figure 5(b)) showed the best dispersion results,
which is in agreement with the UV-Vis analysis. Different
authors have previously reported similar results [30].

Finally, Figure 6 shows the Raman spectra of CNTs at dif-
ferent stages of the process to which they were subjected: (a)
CNTs as-synthesized, (b) after the stabilization of CNTs using

EDTA, and (c) dispersion with SDS. As can be observed, the
spectra are quite similar; they present the same characteristic
bands at similar positions and not observable RBM signal
that confirms the CNTs multiwall nature. Also, as the D and
G bands are indicative of defects and graphitic structure,
respectively, the ratio between relative intensities of D and
G bands (𝐼D/G) suggests the purity degree of CNTs. Due
to the above, 𝐼D/G was estimated for our samples, and it
was obtained as 0.81 for CNTs as-synthesized and 0.75 and
0.77 for CNTs after dispersion process with EDTA and SDS,
respectively. This behavior might be attributed to a loss of
energy on the surface of the CNTs due to the new interactions
between them and the surfactant molecules. In this manner,
although the better dispersion was achieved with EDTA, a
greater decrease in the bands for the use of SDS, which does
not necessarily mean a better result, might be explained by
the presence of an excessive amount of surfactant molecules
in the CNTs surface, generating a bigger loss of energy.
Additionally, the interpretation of the decrease in 𝐼D/G ratio
indicates a reduction of the CNTs defects.

4. Conclusions

In summary, we studied the formation and dispersion of
CNTs following TEM, SEM, and XRD techniques as well as
UV-Vis and Raman spectroscopies. TEM analysis demon-
strates the typical high packing degree of the MWCNTs
obtained with the spray pyrolysis method. SEM and XRD
observations indicate that the acidic treatment (HNO3/HCl)
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Figure 4: (a) UV-Vis spectra from the dispersion of CNTs using EDTA and (b) using SDS as surfactant agents.
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Figure 5: SEM images showing best concentration results from the dispersion of CNTs: (a) 0.30mg/mL of EDTA and (b) 0.20mg/mL of SDS.
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Figure 6: Raman spectra of the CNTs: (a) as-synthesized, (b) dispersed with EDTA, and (c) dispersed with SDS.
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increases the purity of the CNTs, especially by decreasing
the Fe residual contamination particles. The purification
process showed a primary tendency to deagglomerate the
CNTs, helping their final dispersion. UV-Vis spectroscopy
showed good results for the dispersion of CNTs when using
low concentrations of EDTA and SDS as surfactant agents.
However, better dispersion results are achieved with the
EDTAsurfactant as shown in the SEM images. Finally, Raman
analysis confirms that the surfactants deagglomerate the
CNTs, promoting their dispersion, by the decreasing in the
D and G bands, which means a loss of energy because of the
CNTs-surfactant interactions.
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