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Abstract
The changes in the morphology of conical carbon nanotubes and composition of functional groups on their surface during
liquid-phase functionalization in various solutions were investigated. The dependence of the type of functional groups on the
composition of oxidizing agents was studied. The influence of the type of functional groups on the carbon nanotubes surface
on the conductive properties of the polymer composite material based on them was established.
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Introduction
Due to their unique physicochemical properties
and high aspect (length to diameter) ratio, carbon
nanotubes (CNTs) are considered as promising fillers
for various materials for the directed change in their
mechanical and electrophysical properties [1].
It is known [2] that carbon nanotubes in its original
form have a large surface energy and therefore form
agglomerates. Agglomeration of CNTs leads to their
irregular distribution in the material being modified. In
addition, the graphene surface of the nanotube forms
only weak van der Waals bonds with the material [3].
Thus, the interaction between the nanotube and the
material is weak. The most effective way to solve this
problem is the functionalization of CNTs, which
involves the attachment of various active functional
groups to the surface of nanotubes. On the one hand,
this allows solving the problem of agglomeration of
carbon nanotubes, and, on the other hand, to ensure the
creation of covalent bonds between the nanotube and
the material.
There are a large number of works devoted to the
functionalization of CNTs [4–7]. However, in most
papers, the properties of carbon nanotubes
functionalized only under certain conditions using
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a certain type of oxidizing medium are considered. In
addition, in the majority of works related to the study of
composite materials based on functionalized carbon
nanotubes and polymers, the effect of the
functionalization of CNTs on the properties of such a
material is not studied [8–11].
This work is devoted to investigation of carbon
nanotubes functionalized by liquid-phase oxidation
using various compositions of oxidizing agents. It is
aimed to study the effect of functionalization on the
electrical conductivity of a composite material based on
them.
Materials and Methods
Synthesis of multi-walled carbon nanotubes
The synthesis of conical carbon nanotubes was
carried out by chemical vapor deposition at the
experimental facility created in our Institute. Granular
polyethylene was used as a carbon source. The
synthesis was carried out at 800°C in a helium
atmosphere. In the process of synthesis CNTs of
conical type were formed. Carbon nanotubes had
a length of several microns, an outer diameter of
40–50 nanometers and the size of internal channels
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were from 9 to 20 nanometers. The interplane distance
in such conical carbon nanotubes (cCNTs) was
0.34 nm. The largest size of the inner channel
correlatedto the size of nickel nanoparticles observed at
the ends of some nanotubes. This type of nanotube
consisted of joined conical segments with open ends, as
described elsewhere [12]. In contrast to the more
traditional, cylindrical, cCNT shave a greater number
of broken chemical bonds, therefore, they can be more
easily functionalized.
Functionalization of carbon nanotubes
Functionalization of conical carbon nanotubes was
carried out by liquid-phase oxidation in various
oxidizers in the ratio of 0.1 g of carbon nanotubes per
100 ml of oxidizer. The treatment was carried out at a
temperature of 70 °C for 1.5 hours under ultrasonic
influence. Functionalized carbon nanotubes were rinsed
with distilled water to neutral pH and dried under
vacuum at 90 °C for 8 hours. Table 1 shows the
compositions of oxidizing media.
The study of functionalized carbon nanotubes
The study of the structure of the initial and
functionalized carbon nanotubes was carried out using
Auger-electron spectrometer JAMP 9510F (“JEOL”,
–9
Japan) at ultrahigh vacuum (< 10 mm Hg).
The study of the surface state of functionalized
carbon nanotubes was carried out by IR spectroscopy
on the infrared (IR) Fourier spectrometer Vector-27
–1
(Bruker), with an optical resolution of 4 cm and the
–1
accumulation of 32 scans in the range 4000–400 cm .
Samples for the study were prepared in the form of
tablets with KBr: ground in a mortar, and then pressed
in a mold under a pressure of 10 atmospheres
(the procedure with one tablet was repeated up to 10
times to achieve uniformity).
Preparation of composite material samples and
investigation of electrical properties
To prepare samples of the composite material,
functionalized cCNTs were dispersed in isopropyl
alcohol in a ratio of 1 mg of nanotubes per 10 ml of
isopropyl alcohol for 1 hour. The resulting dispersion
was filtered to a paste state and injected into the epoxy
resin. The mixing of carbon nanotubes with epoxy resin
was carried out by a magnetic stirrer. Removal of
isopropyl alcohol residues was carried out in a vacuum
chamber. After removal of isopropyl alcohol, the
resulting mixture was mixed with a theta hardener,
degassed and poured into a 10 × 10 × 1 mm cell.

Table 1
Names of samples, with a description
of the composition of oxidants
No.
Method of treatment
of samples
1
Initial cCNTs
2
Treatment
in
concentrated
H2O : HNO3
in 1:1 ratio
3
Treatment in a solution of H2O : HCl in the ratio
1:1
4
Treatment in a solution of H2O : HNO3 : HCl
in the ratio 2:1:1
5
Treatment in a solution of HNO3 : H2O2
in the ratio 1:1
6
Treatment in a solution of HCl : H2O2
in the ratio 1:1

The study of the conductive properties of the
composite material was carried out by four probe
method. To do this, electrodes were attached to the
surface of the samples using silver paste.
Results and Discussion
Auger microscopy was used to establish
morphological changes and fragmentation of carbon
nanotubes after functionalization (Fig. 1).
Micrographs show that agglomerates break down
to individual nanotubes during the treatment process of
CNTs.
The original and functionalized samples of cCNTs
were investigated by IR spectroscopy. Absorption
bands due to the presence of C—H bonds (2933, 2854,
–1
–1
–1
800 cm ), hydroxyl (3450 cm ), ketone (1650 cm )
–1
and ether (1085 cm ) groups were detected on the IR
spectra of the initial and functionalized samples
(Fig. 2).
Absorption bands due to the presence of hydroxyl
(C—O—H), ketone (C=O) and ether (C—O—C)
groups are observed on the IR spectra of samples No. 2,
No. 3 and No. 4. For samples No. 5 and No. 6, the same
absorption bands are observed on the IR spectra, except
for the absorption band caused by ether groups.
The content of ether functional groups in these samples
decreases, however, there is an increase in the content
of hydroxyl and ketone functional groups [13, 14].
To establish the influence of the type of functional
groups on the surface of the cCNTs on the conductive
properties of the composite material, samples No. 4 and
No. 5 were introduced into the polymer matrix.
The choice of these samples is due to the fact that
sample No. 4 contains more ester functional groups
compared to other samples, and sample No. 5
is characterized by a low content of ester groups and
a high content of hydroxyl and ketone groups.
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Fig. 1. Electtronic microggraphs of the initial (a) and functionaliized (b) samples of cCNTss

Fig. 2. IR sp
pectra of initiial
and functionalize
f
ed samples off cCNTs

The studyy of the coonductive prroperties off the
com
mposite matterial was carried
c
out by
b a four-pprobe
meethod. Fig. 3 shows the concentratio
c
n dependencce of
thee conductivitty of the com
mposite mateerial with cC
CNTs
sam
mples No. 4 and No. 5.
Figure 3 shows
s
that thhe concentraation dependdence
of the conduuctivity of the compossite materiaal is
nonnlinear. It is also obvious thatt the electtrical
connductivity of
o the com
mposite baseed on MW
WNTs
treeated in a mixture
m
of HNO
H 3 : H2O2 is 1.5–4 times
(att different cooncentrationss)higher thann that in sam
mple
Noo. 4. It is assumed that cCNTs conttaining hydrroxyl
andd ketone fuunctional grroups, comppared to cC
CNTs
conntaining esteer groups, arre more com
mpatible withh the
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Fig. 3. Con
ncentration deependence off electrical
conductiviity of compossite material samples:
1 – saample No. 5; 2 – sample No
o. 4

epox
xy resin polyymer matrixx, resulting in
n more quanntity
of percolation
p
chhannels.
Conclu
usion(s)
Changes inn the morpphology of conical carbbon
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treaatment even in
i aqueous aacid solution
ns allows youu to
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dependence of the conductivity of a composite material
based on epoxy resin and functionalized cCNTs with
different types of functional groups was investigated by
the four-probe method. It was shown that the
concentration dependence of the electrical conductivity
of the composite material has a nonlinear character, and
the relationship between the functionalization of
cCNTs and the electrical conductivity of the composite
material on their basis was established.
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