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In this study, free-standing zincoxide/multiwalled carbon nanotube nanocomposite was synthesized by a mul-
tistep technique. Buckypapers having controlled porosity were prepared by vacuum �ltration from oxidized mul-
tiwalled carbon nanotubes. Zinc acetate dihydrate (ZnAc) (Zn(CH3COO)2·2H2O) was used as zinc source and
ethanol used as solvent. An appropriate amount of monoethanolamine was added to sol to change acid-base me-
dia. The solution was vacuum �ltered through buckypaper and annealed at 350 ◦C in air. It was found that the
zinc oxide grows around the multiwalled carbon nanotubes to form a uniform composite. Morphology of zine ox-
ide/multiwalled carbon nanotube was also studied in detail. Nanocomposite was characterized by X-ray di�raction,
scanning electron microscopy, and Raman spectroscopy.
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1. Introduction

Paper-like carbon nanotube (CNT) �lms, also called
buckypaper, are self-supporting networks of entangled
CNT assemblies arranged in a random fashion and held
together by van der Waals interactions at the tube�tube
junctions [1]. CNT-based sheets and their composites
have become a hot topic in CNT research and can be
used as catalysts, sensors, semiconductor devices, and
new reinforced nanomaterials [2].
The hybrid structures of CNTs are emerging as an im-

portant class of nanostructured materials for fabricat-
ing future nanoelectronic devices. Among these hybrid
structures, an interesting class of CNT derivatives results
from depositing semiconducting nanoparticles/nanoclus-
ters, on the CNT surface. The semiconducting nanopar-
ticles including ZnO, TiO2, SnO2, CdS, CdTe, CdSe, etc.
exhibit size dependent optical, magnetic and electrical
properties and their applications span a broad range [3].
Among these semiconducting materials, zinc oxide (ZnO)
is an important material and has received considerable
attention due to its applications in electrical, optical, me-
chanical and scienti�c research as well as industry. ZnO
is a wide band gap (3.37 eV) semiconductor and has a
large binding energy (60 meV), low resistivity and high
transparency in the visible range and high light trapping
characteristics [4].
Recently, the fabrications of ZnO/multi-walled carbon

nanotube (MWCNT) nanocomposites have gained inter-
est among the materials scientists because of its supe-
rior optoelectronic properties [5], photocatalytic proper-
ties [6] and their antibacterial activities [7]. Additionally,
ZnO/MWCNT nanocomposites have potential applica-
tions ranging from electrochemical sensors [8], biosensors
[9] and supercapacitors [10] to solar cells [11].
In this work, we proposed a new approach to synthe-

sis of free-standing ZnO/MWCNT nanocomposite. Zn-
-based solution synthesized by dissolving zinc acetate
(Zn(CH3COO)2·2H2O) in ethanol (C2H5OH) was in�l-

trated through MWCNT buckypaper having controlling
porosity. Vacuum was under control to growing ZnO
nanoparticles into pores of buckypaper. Synthesized
nanocomposite was subject to microscopic and spectro-
scopic analyses for con�rming their microstructure and
chemical properties.

2. Experimental details

In our work, ZnO/MWCNT nanocomposite was pro-
duced with a new approach consisting of several steps.
Figure 1 represents the process �ow chart used for syn-
thesis of nanocomposite. First step is the prepara-
tion of the Zn-based solution by dissolving zinc acetate
(Zn(CH3COO)2·2H2O) in ethanol (C2H5OH) with 0.3 M
ratio. Certain amount of monoethanolamine (MEA) was
added to solutions to change acid-base media and all
chemicals were stirred for 1 h to form a clear, stable and
homogeneous sol at 60 ◦C.

Fig. 1. Process �ow chart used for synthesis of
nanocomposite.

Second step is production of free-standing MWCNT
buckypaper. MWCNTs over 1.0 µm in length with the
outer diameter of 50 nm were purchased from Arry Nano
(Germany). Since the mechanical properties of bucky-
papers are primarily determined by the tube�tube in-
teractions, chemical oxidation of the MWCNTs sidewalls
and tips could be utilized to increase the modulus and

(426)

http://dx.doi.org/10.12693/APhysPolA.125.426


A New Approach to Synthesis of Free-Standing ZnO/MWCNT Nanocomposites . . . 427

strength of the MWCNT buckypapers. Chemical oxi-
dation of MWCNTs was carried out with a mixture of
H2SO4 and HNO3 acids in ratio 3:1 for 3 h after an-
nealing and treating in HCl acid for impurity removing.
The MWCNTs were �rst dispersed into water by the aid
of SDS surfactant and sonicated for 1 h to form a well
dispersed suspension which subsequently was vacuum �l-
tered through PVDF membrane �lters of 220 nm pore
size to form buckypapers.
Then the ZnAc solution was in�ltrated through

MWCNT buckypaper having controlled porosity. Vac-
uum pressure was kept under control during production.
Figure 2 shows the method of preparing ZnO/MWCNT
nanocomposite. Then, the ZnO/MWCNT nanocompos-
ite was dried at 100 ◦C for 10 min and peeled-o� from the
�ltration membrane. The free-standing ZnO/MWCNT
nanocomposite was post-heated at 400 ◦C for 1 h.

Fig. 2. Schematic representations of method for
preparing ZnO/MWCNT nanocomposite.

An X-ray di�ractometer (XRD-Rigaku D/MAX 2000)
with Cu Kα radiation has been used to determine the
grain size, crystal structure of resultant nanocompos-
ites. The morphology of the free-standing ZnO/MWCNT
nanocomposite was investigated by scanning electron mi-
croscopy (SEM, JEOL 6060LV). Laser Raman spectra
were investigated using a Kaiser Raman RXN Systems
from 200 to 2800 cm−1 at room temperature. The 50 mW
785 nm near-infrared (NIR) laser was used as the excita-
tion source.

3. Results

After calcinations at 400 ◦C, ZnO/MWCNT nanocom-
posite was characterized by recording their XRD patterns
as shown in Fig. 3. Based on the curve, nanocomposite
shows typical peaks of carbon at 2θ = 26.05◦ and 42.45◦,
assigned to (002) and (100) planes, respectively. The
(100), (002), (101), (110), and (112) planes of ZnO which
could respectively be observed at 2θ = 31.75◦, 34.35◦,
36.20◦, 56.70◦, and 68◦ correspond well to the previously
reported values [12]. The peak positions in nanocom-
posite agree well with the re�ections of ZnO and C with
all peaks corresponding well to standard crystallographic
data (ZnO:JCPDS Card No. 01-070-2551 C:JCPDS Card
No. 00-026-1080). The grain size of the ZnO was calcu-
lated by using Scherrer's formula and the crystallite size
is 13.8 nm.

Fig. 3. XRD pattern of ZnO/MWCNT nanocom-
posite.

Fig. 4. Raman spectra of ZnO/MWCNT nanocom-
posite.

Figure 4 illustrates the Raman spectra of the ZnO/
MWCNT nanocomposite. The peaks at 1314, 1610, and
2620 cm−1 correspond to the D-band (disordered band),
G-band (graphene band) and G′-band, respectively. G
band originates from graphitic structures (sp2) [1]. Fur-
ther Raman signals at 441 cm−1 (Ehigh

2 ), 575 cm−1

(A1(LO)), and 585 cm−1 (E1(LO)) are observed for ZnO.

Fig. 5. SEM images of ZnO/MWCNT nanocomposite.



428 M. Alaf, D. Gultekin, H. Akbulut

Figure 5 presents scanning electron microscope (SEM)
images of ZnO/MWCNT nanocomposite at di�erent
magni�cations. ZnO nanoparticles are grown in the
pores and on the surface of MWCNT paper as shown
in Fig. 5a. As can be seen from the higher magni�cation
images (Fig. 5b,c), the MWCNT surface is covered with
nanoparticles and also they agglomerate on the tubes.

4. Conclusions

In this work the free-standing ZnO/MWCNT
nanocomposite was successfully synthesized with a new
approach. The nanocomposite exhibited the uniform
coating layer of ZnO with grain size of 13.8 nm in the
pores and on the surface of MWCNT paper. XRD
analysis con�rmed that the nanocomposite consisted
of C and ZnO. The Raman spectrum showed D-band,
G-band and G′-band of the MWCNT and peaks of ZnO.
SEM images veri�ed that ZnO nanoparticles were homo-
geneously grown on the tube surfaces and the pores of
MWCNT paper. The �nal product can be used in many
applications such as Li-ion batteries, supercapacitor,
and solar cells.
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