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The electrical and optical properties of carbon nanotubes hybrid zinc oxide (ZnO-CNTs) nanocomposites synthesized by ball mill
technique have been investigated. The nanocomposites were prepared using zinc oxide (ZnO) powder and carbon nanotube (CNT)
synthesized by catalytic thermal chemical vapor deposition (CVD). The diameters and lengths of the CNTs were respectively
determined to be 20–30 nm and about 3–5 mm. DC conductivity measurements reveal that the nanocomposites are good conductive
material. The room temperature DC electrical conductivity sdc of the un-doped ZnO and ZnO-CNT nanocomposites with 0.1%
CNT, 0.5% CNT, and 1% CNT were found to be 6.55 £ 10¡5, 5.46 £ 10¡4, 1.49 £ 10¡3, and 4.01 £ 10¡3 S/cm, respectively. This
indicates that there is a remarkable improvement of the electrical conductivity as the CNTs’ content increases. The optical band gaps
of the composites were determined by Kubelka-Munk theory based on the analysis of diffuse reflectance. The band gap (Eg) values
of the composites decreased with increasing CNT contents. The obtained results indicate that the electrical and optical properties of
ZnO semiconductor can be improved by incorporation of CNT.
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Introduction

Zinc oxide (ZnO) is one of the promising wide band gap (Eg)
semiconductors with Eg of 3.37 eV and a large exciton bind-
ing energy of 60 meV, which is efficient in opto-electronic
devices. In addition, it has potentially useful properties
including low cost in production, commercial availability,
piezoelectricity, catalytic activity, chemical stability, and bio-
compatibility. Economically, it has various applications as a
luminescent material, photodiode, dye-sensitized solar cells,
gas sensing, photo-catalyst, antibacterial, and more (1–5).

Hybrids of carbon nanotubes (CNTs) with inorganic
materials have attracted much attention due to their potential
application as photo-catalyst, gas sensors, supercapacitors,
and field-emission devices (7). Zinc oxide and multiwalled
carbon nanotubes (ZnO-MWCNTs) represent one of the
most important members of the MWCNT-inorganic compo-
sites groups. The ZnO-MWCNT composites have been

prepared by various methods and their properties are differ-
ent from MWCNT and ZnO alone (6–8).

In the present study, improvement in the electrical and
optical properties of zinc oxide-carbon nanotube nanocom-
posites has been achieved. The enhancement in the electrical
and optical properties of zinc oxide-carbon nanotube nano-
composites was attributed to the variation of the
microstructure.

Experimental Details

Commercial ZnO powders (purity: 99.5%) with particle size
of 10 mm were used for preparation of the composites. P-type
Si (100) substrates were used to grow the CNTs. Firstly, the
substrates were rinsed consecutively in acetone and ethanol
in an ultrasonic bath. After cleaning, thin Ni layer (20 nm)
was deposited over the silicon substrates in order to catalyze
the CNTs’ growth. The substrates were placed in the center
of quartz tube reactor in the tube furnace. The tube was evac-
uated and the pressure was kept at 10¡3 Torr. The furnace
was heated to 450�C and kept at this temperature for 40 min
in order to break the continuous layer of the Ni catalyst into
nano-islands that are suitable for the CNTs’ growth. Then,
the furnace was heated to 650�C under Ar gas atmosphere (1
L/min) at 2 Torr and then, the C2H2 gas was flushed for
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another 40 min. Finally, the furnace was naturally cooled in
Ar atmosphere. The sample color was completely changed
into black indicating the formation of the CNTs. The pre-
pared CNTs were scratched from the surface and collected
for the composite preparation.

The carbon nanotubes hybrid zinc oxide (ZnO-CNTs)
composites prepared for the ratios of the carbon nanotubes:
ZnO are 0.1%, 0.5%, and 1%. In order to disperse the CNTs
homogeneously in the matrix, the CNTs were weighed at
appropriate ratios and then added to 50 ml volume of etha-
nol followed by mild sonication for 1 hr in order to avoid
nanotube agglomeration. Then, ZnO powders were added to
the mixtures and the mixtures were stirred via magnetic stir-
rer at 80�C until the alcohol was evaporated. The obtained
powders were milled for 1 hr at 300 rpm under argon atmo-
sphere in a planetary ball mill. Retsch PM 100 branded mill
system was used. During milling, 8 mm diameter steel balls
were used and an effective dispersion was obtained. Ball
milled powder mix was compacted in a 20 mm diameter com-
paction die at 600 MPa. The compacted powder was sintered
at 600�C for 1 hr in Ar ambient.

The CNTs obtained were characterized via XRD (Bruker
Advance D8, CuKa) diffraction and HR-TEM (Jeol Jem
2100F) techniques. The composites were analyzed by
FESEM (Jeol Jsm-7001F). Electrical conductivity of the
composites was measured using two-probe method with the
help of Keithley 6517A Electrometer/High-Resistance
Meter. Optical measurements of the samples were performed
using a Shimadzu UV- VIS 3600 spectrophotometer.

Results and Discussion

Structural Observation of CNT/ZnO Nanocomposites

Figure 1 (a and b) shows HR-TEM images of CNT/ZnO
nanocomposites. As seen in HR-TEM images, the dense tan-
gled CNTs were observed. The diameters and lengths of the
CNTs were determined to be 20–30 nm and about 3–5 mm,
respectively. It was noticed that the diameter of the CNTs is
very close to the thickness of the nickel catalyst. This result
supports the fact that the diameter of the CNTs can be prede-
termined by the size of the catalyst nanoparticles (9–12). It is
clear from the figure that the CNTs are not well aligned but
have an spaghetti morphology. The surface of the CNTs was
found to be clean since there is no amorphous carbon and
other graphitic structures were not observed to be attached to
the surface of the CNTs. This confirms the quality of the pre-
pared CNTs. The surface morphology of the synthesized
composites was identified by SEM measurements. As seen in
Figure 2, in 0.1% CNTs reinforced sample, the CNTs were
randomly distributed. This can be attributed to the relatively
small amount of CNTs. In addition, CNTs were homoge-
nously distributed in the matrix. The CNTs were completely
dissolved when the doping percentage was 0.1%. But, in the
case of 0.5% and 1% doping, the dissolving of CNT and dis-
persion of CNTs in the matrix were relatively limited. In 1%
CNT reinforced composite, the CNTs were wrapped up like
a cobweb on ZnO grains. In certain regions, no CNTs’

bundles were dissolved and they remain as cluster or aggre-
gates. In the composites, the length of the CNTs was short-
ened. This resulted from the applied ball milling order and
mild sonication. As seen from these images, the homogeneous
distribution in composite of CNTs was increasingly difficult
with the increase in the CNTs’ quantity of composites.

Electrical Conductivity Measurements

The electrical transport mechanisms of CNTs-ZnO nanocompo-
sites were studied as a function of temperature, as seen in
Figure 3. It has been found that the electrical conductivity of the
composites increases with increasing temperature. The conduc-
tivity curves can be analyzed using the following relation (9–10):

sdc D s0exp ¡ Ea

KT

� �
(1)

Where s0 is the pre-exponential factor, k is the Boltzmann’s
constant, and Ea is the activation energy. Ea values were cal-
culated from the slope of the linear portions of Figure 3 and

Fig. 1. (a,b). HRTEM images of as synthesized carbon nano-
tubes (CNT) via CVD method with different magnification:
(a) 1000£ and (b) 10,000£.
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are given in Table 1. Ea values of the nanocomposites did not
show a regular trend with increasing CNTs’ content. This is
due to the non-uniform distribution of CNTs into ZnO host
matrix. The composite with 0.5% CNTs exhibits the lowest
activation energy, whereas the highest activation energy was
found to be for the composite with 0.1% CNT. The room
temperature conductivity s25 values of the un-doped ZnO,
0.1% CNT, 0.5% CNT, and 1% CNT were found to be 6.55
£ 10¡5, 5.46 £ 10¡4, 1.49 £ 10¡3, and 4.01 £ 10¡3 S/cm,
respectively. The conductivity is getting higher with increas-
ing CNTs’ content. The CNT provides additional conduction
paths in the nanocomposite and in turn, the conductivity is
increased. As the temperature increases, more charge carriers
overcome the activation energy barrier in the composites and
the elevated temperatures cause an increase in number of
charge carriers participating in the electrical conduction.
Under ambient conditions, due to the coverage of CNTs by
oxygen, it behaves like a p-type semiconductor (15). On the
other hand, ZnO is an n-type semiconductor due to native

defects. In the case of partially covered CNTs with ZnO
nanoparticles, the majority carriers of ZnO-CNTs are holes.
In contrast, when CNTs are completely covered with ZnO
nanoparticles, the majority carriers of the ZnO-CNT are elec-
trons. This can be attributed to the transfer of charge from
ZnO to CNTs and the composites behave like n-type semi-
conductor (16). The migration of electrons from the conduc-
tion band of ZnO to CNTs is related to the strong interfacial
connection between CNTs and ZnO (17).

CNTs are considered as one of the nearly perfect conduc-
tors at room temperature (18). For this reason, the conductiv-
ity of the materials increases with CNTs’ contents. Sun Park
et al. revealed that enhancement of electron mobility is
five-fold for ZnO/N-CNTs nanocomposite transport layer
with 0.08wt% CNT (19). It is known that the electrical prop-
erties of CNTs and graphene are quite similar. Khurana et al.
revealed that the electron transfer kinetics are faster in ZnO-
graphene composite than ZnO. Faster charge transfer is
attributed to the presence of graphene (20). In addition,

Fig. 2. (a–d). SEM images of the composites (a) undoped ZnO, (b) 0.1wt% CNT, (c) 0.5wt% CNT, and (d) 1wt% CNT.
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Sarkar et al. showed in their study that the electrical conduc-
tivity of Al2O3-CNT composite was increased by increasing
the quantity of CNTs (21).

Optical Properties of the CNTs-ZnO Nanocomposites

Figure 4 represents the plots of the diffused reflectance for
un-doped and CNTs-doped ZnO nanocomposites. The reflec-
tance of the composites indicates a sharp increase at 370 nm.
The reflectance of the composites is decreased with CNTs’
contents. The decrease in reflectance is due to the increase in
absorbance of the nanocomposites. Moreover, the change in
reflectance of the samples with CNT dopants results from the
surface and the internal reflection effects of the composites,
because the CNT dopants change the color and surface prop-
erties of the composites and in turn, the absorption of the
samples is increased and thus, the reflectance is decreased
with CNTs’ level.

The optical band gaps of the composites were determined
using Kubelka-Munk theory for the analysis of diffuse reflec-
tance spectra obtained from weakly absorbing samples. The
reflectance spectra of the nanocomposites indicate that they
are softly absorbing materials. Kubelka-Munk function can
be determined by the following relation (22–26).

F.R/D .1¡R/2

2R
(2)

Where R is the reflectance, and F(R) is the Kubelka-Munk
function corresponding to absorbance. Optical band gap can
be calculated from the reflectance measurements by applying
the Kubelka-Munk function (26). Thus, the conventional
semiconductors relation that is used to determine the optical
band gap can be rewritten as:

F.R/hnDA.hn¡Eg/
n (3)

Fig. 3. Plots of the electrical conductivity versus temperature of
the studied nanocomposites.

Fig. 4. Plots of the electrical conductivity versus temperature of
CNT/ZnO nanocomposites.

Table 1. The electronic parameters of the composites

Samples Ea (eV) sdc (S/cm)

Un-doped ZnO 0.144 6.55 £ 10¡3

0.1% CNT-doped ZnO 0.085 5.46 £ 10¡4

0.5% CNT-doped ZnO 0.068 1.49 £ 10¡3

1% CNT-doped ZnO 0.083 4.01 £ 10¡3 Fig. 5. Plots of (F(R)hn)2 versus the photon energy (hn) of the
CNT/ZnO nanocomposites.

868 €O. Guler et al.
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Where Eg is the optical band gap, A is a constant, and n is a
constant exponent that determines the type of optical transi-
tions. For direct allowed transition, n D 1/2. The optical
band gap of the composites was determined from the plots of
(F(R)hn)2 versus hn, as shown in Figure 5 and given in
Table 2. The obtained Eg value of ZnO is in agreement with
the other studies (27–29). As seen in Table 2, the Eg values of
the nanocomposites are decreased with increasing CNTs’
content. The electronic bands are expanded with CNTs’
incorporation to ZnO and in turn, the optical band gap is
decreased with CNTs’ contents.

Conclusion

ZnO-CNT nanocomposite has been successfully prepared by
ball mill technique. Electrical and optical properties of the
prepared composite have been investigated. The increase in
DC conductivity indicates that the nanocomposite is also a
good conductive material, satisfying Mott’s variable range
hopping model for a two-dimensional conduction. Such
nanocomposite may find extensive application in dye-sensi-
tized solar cells, sensors, and supercapacitors.
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