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Abstract: Carbon nanotubes films have been studied with SEM and TEM. The studied films were obtained using a two
step method: PVD process and CVD process. Strongly defected and curled carbon nanotubes containing
Ni nanoparticles formed the film with thickness of about 300-400 nm. Observed carbon nanotubes were
of lengths from 100 nm to 300 nm and did not stick to each other.
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1. Introduction

Multiwall carbon nanotubes (MWCNT) films are obtained
by many methods with various catalysts, but one of the
most frequently used is nickel [1–9]. The most popular
method is catalytic chemical vapor deposition (CCVD) [7].
The structure, length and type of carbon nanotubes (CNT)
depend on the kind and parameters of this technological
process. When the catalyst remains anchored to the sub-
strate, the synthesis mode is called “base-growth”. On the
other hand, the growth follows a “tip-growth” mechanism
when the particle lifts off the substrate and is observed at
the top of the CNTs [2–4]. Many authors discuss different
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reasons for these growth mechanisms.
The Tele & Radio Research Institute developed an original
two-step method for synthesis of carbon nanotubes films
in which single nanotubes were placed at large separa-
tions from each other on the film surface (rarely dispersed
placement of CNTs) [10]. This kind of nanotube placement
could prevent the existence of an electrostatic repulsion
effect between nanotubes. Such films could find an appli-
cation as effective field emitters.

2. Experimental

MWCNTs films were obtained by a two step method. The
first step was PVD (Physical Vapor Deposition) process,
and the second CVD (Chemical Vapor Deposition) pro-
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cess. In the first step, a carbonaceous matrix film in which
nickel nanoparticles were placed was deposited on the
Si substrate. The PVD process was performed from two
separated sources containing fullerene C60 and nickel ac-
etate under a dynamic vacuum of 10−5 mbar. As a result
a polycrystalline C-Ni film was obtained (Fig. 1). The
concentration of Ni in the film was 69% by mass.

Figure 1. SEM image of polycrystalline C-Ni film from PVD. In the
inset, a TEM image and selected area diffraction pattern
showing diffuse rings from Ni fcc nanocrystals structure
can be seen.

The granular polycrystalline C-Ni film from the PVD pro-
cess was used as the catalyst support in the second step
(CVD) in which the pyrolysis of xylene (C8H10) proceeded.
The scheme of experimental CVD set-up can be seen in
Fig. 2. The process parameters were as follows:

• temperature of pyrolysis process - 650°C,

• argon flow - 40 l/h,

• xylene flow - 0.1 ml/min,

• duration - 10 min.

As a result of the CVD process a new film consisting of
many carbon forms, Ni nanoparticles and the multi-walled
carbon nanotubes (MWCNTs) was formed.
The CVD process parameters were chosen in such way as
to obtain a film with carbon nanotubes rarely distributed
on its surface. Such films, in which carbon nanotubes
are placed with a large distance between each other are
good candidates for effective field emitters. In the case
where MWCNT are highly packed on a film surface, elec-
trostatic shielding may cause a reduction of field emission
enhancement factor. Therefore, to obtain rarely displaced
MWCNT in the film, the form of initial PVD film with small

Figure 2. CVD set-up.

diameter Ni nanocrystals (a few nm) was used, while the
CVD process was carried out using a low dose of xylene,
and over the short time of 10 minutes.
The morphology and structure of these films was studied
by Scanning Electron Microscopy (SEM) and Transmis-
sion Electron Microscopy (TEM) methods. SEM inves-
tigation was performed with the JEOL JSM-7600F field
emission scanning electron microscope, operating at 5 keV
incident energy. SEM studies were carried out using two
modes of operation: SE (Secondary Electron) and LABE
(Low Angle Backscattered Electron). In this mode, the
contrast depends on the atomic number of elements of the
observed microstructure. Areas with higher atomic number
are mapped as bright, with those of lower atomic number
shown as darker.
TEM was applied to study the structure of the de-
posited film. TEM investigations were performed with the
JEOL JEM-2000EX electron transmission microscope op-
erating at 200 keV incident electron beam energy.

3. Results
The aim of these studies was to determine an areal den-
sity of MWCNTs, their structure and sizes. From SEM
images, the length and diameter of MWCNTs, the size of
Ni nanoparticles and the distribution of MWCNTs on the
film surface were determined. From TEM images and se-
lected area electron diffraction (SAED), MWCNTs and Ni
nanoparticle structure was determined.

4. SEM investigations
SEM studies showed that film adhesion to the substrate
is low (Fig. 3a). The shape of film surface (highly folded)
suggests that the stress generated during the CVD process
could be responsible for the formation of such surface.
However, no cracks in the surface are observed. Short
time of duration with a strong flow of argon and xylene in
the CVD process caused the growth of carbon nanotubes
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with low areal density (Fig. 3b). Observed MWCNTs are
short (100 ÷ 300 nm) and do not stick to each other.

Figure 3. Investigated layer in different magnifications a) 100×, b)
10000×.

The MWCNTs diameters are presented in Fig. 4. The
diameters of the carbon nanotubes are between 30-70 nm,
with the average diameter being 49.7 nm (Fig. 4).
SEM investigations of the film at high magnifications show
the position of Ni nanoparticles in MWCNTs (Fig. 5a). In
LABE mode (Fig. 5b) Ni nanoparticles are clearly visible
as bright objects. These objects are placed on top of car-
bon nanotubes and inside the carbon nanotubes. In con-
trary to the objects place on the top of MWCNT, the shape
of these last objects is elongated. Comparison of SE and
LABE images shows differences in diameters of the Ni
nanoparticles detected by secondary and backscattered
electrons detectors. It suggests that pure Ni nanoparti-
cles are covered with carbon. From LABE images we can
determine the size of pure Ni nanoparticles. We found that
for Ni nanoparticles from the top of MWCNTs the diameter

Figure 4. Histogram of the MWCNTs size.

is ∼ 30 − 40 nm while for the elongated Ni nanoparticles
placed within MWCNTs the length is ∼ 40 − 50 nm and
the diameter of such a cylinder is ∼ 15 nm.

5. TEM investigations
TEM investigation allowed the structure of Ni nanoparti-
cles enclosed inside MWCNTs and on their tops (Fig. 6) to
be determined. Merkulov et al. [3] describe a mechanism
of tip and base growth. In the first case Ni nanoparticles
are found at the base of nanotubes and in the second case
they are located on a top of nanotubes. They suggest that
the placement of Ni nanoparticles is connected to elec-
trostatic force, forming a uniform tensile stress across an
entire particle/CNT interface. When the particle is at the
top, the electrostatic force produces a compressive force
at the CNT/particle interface where a greater growth rate
is observed; on the side where less growth rate happens,
a tensile stress is applied at the interface. This opposite
behavior favors subsequent carbon precipitation at the in-
terface with tensile stress (and the smaller rate of growth).
The net result is a stable, negative feedback that works
to equalize the growth rate everywhere, and vertical ori-
entation is maintained [4].
In many cases Ni nanoparticles were found at the top of
carbon nanotubes which may indicate “tip-growth” mech-
anism of carbon nanotubes [2–4]. Additionally, we observe
Ni nanoparticles with elongated shape placed inside the
carbon nanotubes. Both kinds are visible in the TEM im-
ages as dark objects (Fig. 6a) and in SEM images as white
objects in LABE mode (Fig. 5b). Additionally Ni nanopar-
ticles seen on top of CNT are covered with multiple planes
of graphite (Fig. 6c, 6d).
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Figure 5. MWCNTs with Ni nanoparticles a) SE mode, b) LABE mode.

Figure 6. a, c) TEM image of MWCNT, b) diffraction pattern, d) {0002} planes of graphite coating of the Ni nanoparticles.

The number of walls observed is higher than 10, which
could be connected with the tip-growth mechanism [6]. Ni
nanoparticles placed inside MWCNT could suggest that

in case of our two-steps process (which consists of a fast
10 min. CVD process), a coexisting mechanism of growth
(base-growth) is also active. The Ni nanoparticle posi-
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tions inside CNT suggest that this particle could be only
a fragment of a larger particle which is located at the base
of the CNT.
The short run time of the CVD process and an average
MWCNT growth allow the MWCNT growth time to be
determined as ∼ 0.5 nm/s.
In Fig. 6d the distance between planes of graphite coat-
ing of Ni nanoparticles is shown as 0.33 nm which re-
mains in good agreement with [11]. Such embedding pro-
tects Ni nanoparticles from oxidation in the atmosphere
and explains the difference in diameter between top Ni
nanoparticles determined in SE mode and LABE mode in
SEM investigations (Fig. 5).
SAED patterns are shown in Fig. 6a. These patterns
present concentric of weak intensity rings from small
Ni nanoparticles and rings with strong intensity from
graphite. In Fig. 6b the origin of rings is marked with
yellow and blue colors respectively.

6. Conclusion
MWCNTs obtained by the two step method with a Ni
catalyst were characterized by SEM and TEM. These in-
vestigations allowed the topography and morphology of
MWCNTs films th be determined, as well as the distri-
bution of these MWCNTs on the film surface. In this two
step method we can obtain carbonaceous film in which
short, curled and isolated MWCNTs are present.
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