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h i g h l i g h t s

� The preparation and properties of
MOs combined with CNTs are
outlined.

� The distinctive chemistry and
functionalization of CNTs have been
summarized.

� The utility of CNT/MO composites for
a broad range of applications have
been described.

� The efficiency of several classes of
CNT/MOs in sensor, absorbent,
photovoltaic and etc. are presented.
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a b s t r a c t

Carbon nanotubes (CNTs), a carbonaceous material, depend on morphology, size and diameter have
highly unique properties in mechanical strength, thermal stability electrical conductivity, catalytic and
adsorption. Over the past decades, combination of carbon nanotube with metal oxide is an effective
way to build hybrid carbon architectures with fascinating new properties. The present review summa-
rizes the recent advances on the principle and techniques of preparation, functionalization of the carbon
nanotubes (CNTs). On the other hand, it discusses the effects of combination of CNT with metal oxides
such as aluminum dioxide, titanium dioxide, zinc oxide, iron oxide and etc. and how they can be applied
toward novel devices with remarkable properties for an extensive range of applications, over the past six
years. This review provides the fundamental insights into the strategies for development of nano-hybrid
with multifunctional properties for a broad range of applications such as sensor, supercapacitors, absor-
bent, photocatalytic, photovoltaic and etc.
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1. Introduction

Metal oxides (MOs) have been an active field of researches due
to their high modulus and strength at much higher temperature
than common polymeric engineering materials, which make them
appropriate for several applications. However, individual MOs can-
not accomplish all requirements to develop new technologies and
to solve the world’s most immediate problems. For example, appli-
cations of MOs are restricted due to their inherent brittleness and
low fracture toughness, so they have been a continuous driving
force to encourage researchers to employ novel strategies with
the aim of reinforcing and toughening MO [1–3]. In many cases,
the combination of two or more materials presences a composite
with features that are superior to those of the individual
components.

Over the last two decades, carbonaceous nano-fillers such as
graphite, diamond and fullerene, and carbon nanotubes (CNTs)
have established part of widespread research and challenging
due to their superior behaviors and interesting applications over
other materials. Among them, CNT due to better structural and fas-
cinating properties was attracted in science fiction novels and
opened up a broad range of possible researches and functional
applications [4–8]. In this scenario, one field of research that has
been developing very quickly is the design, development and char-
acterization of inorganic hybrid carbon-based nanostructures, gen-
erally consisting of MO and CNTs. Attaching CNTs with MOs cause
to new functionalities in terms of electronic, optical and mechani-
cal properties [9–11].

Various factors such as CNT shape, size, interaction, dispersion,
alignment play an important role for fabrication of nanocomposite
(NC) [12,13]. In a composite factors controlling such as the orienta-
tion of the CNTs, homogeneity of the composite, nanotube matrix

adhesion, nanotube aspect ratio, and the volume fraction of nan-
otubes can have remarkable influences on the performance of the
composites [14]. In recent years, preparation of CNT/MO compos-
ites have been extensively studied. Addition of CNTs to a ceramic
matrix not only can change physicochemical properties, but also
can provide multidisciplinary applications to adsorb hazardous
pollution, photocatalytic, medical and etc. Depending on which
materials is greater in composite, CNT/MO composite materials
can be categorized into two groups; MO-decorated CNT and CNT-
doped MO that herein both two groups will be discussed [5].
Fig. 1 shows CNT–TiO2 interaction as an example (Fig. 1). In first
group, oxidize CNT (CNT-COOH) is functionalized by attaching
MO NPs i.e. nano-particulate MO (5 nm) deposited on CNT, either
by covalent or noncovalent interaction. In second group, CNTs
are embedded within the MO matrix i.e. CNTs deposited on larger
MO (100 nm) [2,15,16].

An extensive number of literatures over the past decade sought
to develop CNT/MO composites with potential applications [16,17].
In this contribution, we survey the literature and highlight recent
progress in the development of MO attached on the CNT material.
This review aims to provide a broad and updated vision of effect of
combination of CNTs with designated MOs such as aluminum
oxide (Al2O3) titanium dioxide (TiO2), zinc oxide (ZnO), iron oxide
(Fe2O3), tin dioxide (SnO2) and etc. in the field analytical chemistry
by covering the period 2010–2015.

2. Synthesis of carbon nanotubes

From a historical point of view, the discovery of CNT in 1991
[18] provided the revolutionary changes in the scientific commu-
nity from both technological and a fundamental point of view. Car-
bon nanotubes according to the number of rolled up graphene

Fig. 1. CNT–TiO2 morphologies for promotion of reactive surface area and inter-phase contact. (a) Shows schematically a random mixture of TiO2 NPs and CNTs, (b) TiO2

coated CNTs, and (c) CNTs wrapped around large TiO2 NPs.[15]
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