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Abstract

The fields of the nanocomposites and membranes have received
a lot of attention and close examination of scientists and engineers in
recent years. This makes it possible to design and create new materials
with unprecedented flexibility. The driving force behind the fabrication
of novel nanocomposites is to achieve high functional properties
for high-end applications. This review provides an overview and
insights into carbon nanotube-metal oxide composites and the same
embedded in membranes. The current state of research has indicated
the potential of these nanocomposites due to their improving
properties. Fundamental work in processing, characterization, and
analysis is important before the structural properties of this class of
materials are also of interest.
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Introduction

Since their discovery [1], carbon Nanotubes (CNTs) has been
intensively investigated due to their unique mechanical, chemical
and physical properties. There are two main types of carbon
nanotubes; Single-Walled Nanotubes(SWNTSs) consist of single
graphite sheets wrapped into a cylindrical tube, and Multiwalled
Nanotubes(MWNTSs) comprise an array of such nanotubes
concentrically nested like rings of a tree trunk [2]. Many potential
applications have been proposed, including sensors, probes, and
energy and hydrogen storage device. Also, CNT and its matrix
have been investigated for water treatment in sorption, fixed bed
mode, and membrane.

The major drawback in the extensive use of membranes
includes membrane fouling, which results in flux decline during
operation [4].Several types of fouling could occur in the membrane
system, e.g. crystalline fouling, organic fouling, particulate and
colloidal fouling, and microbial fouling, etc. [4]. Many approaches
to control membrane fouling have been performed, which
generally involve pre-treatment of the feed solution, surface
modification of the membrane (like hydrophobic or hydrophilic
and electronegative or electropositive modification), optimization
of module arrangement and process conditions, and periodic
cleaning [5]. Even after the development for decades, particulate

and colloidal fouling still remains the main reason for flux decline
in the process of industrial wastewater treatment.

Carbon nanotube modified membrane

The synthesis of CNT/polymer membrane structures has
attracted growing interest and a number of methods to produce
such membranes have emerged in recent years. The synthesis
of such materials is achieved by chemical modification of the
graphitic sidewalls and tips to enhance their chemical affinity
to polymer matrices [6]. Various chemical strategies for grafting
polymers onto carbon nanotubes and the manufacturing of
carbon nanotube/polymer nanocomposites have been reported
with enhanced mechanical and chemical properties of the
membranes. Because of the excellent mechanical properties
of CNTs, incorporation of CNTs into a polymer matrix leads
to structural materials with significantly high modulus and
strength. Significant advancement has been made in improving
the mechanical properties of polymer matrix by CNTs with a
polymer to form membranes.

An example is the fabrication of CNT/ polymer composite
membranes with good interface adhesion and good nanotube
dispersion as shown in Figure 1. Also, CNT can be used to modify
poly (vinyl alcohol) (PVA) membranes by one-step route for
the incorporation of CNT into PVA. The success of the method
can be approved by several characterization techniques such as
molecular-level insights of morphological changes of polymer
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Figure 1: CNT/ polymer composite membranes

chains due to nanotube incorporation, as shown in Figure 2.
Other instruments can be used including transmission Electron
Microscope (TEM), Field Emission Scanning Electron Microscope
(FESEM), Energy Dispersive X-ray (EDX), Raman spectroscopy,
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Thermogravimeter (TGA), and Fourier Transformed-Infrared
Spectroscopy (FT-IR), X-ray Photoelectron Spectroscopy
(XPS), and nuclear magnetic resonance spectroscopy, most
commonly known as NMR spectroscopy or Magnetic Resonance
Spectroscopy (MRS).

Figure 2: SEM image of CNT modified poly(vinyl alcohol) (PVA) mem-
brane

Nanoparticles modified membrane

Preparation of organic-inorganic composite membranes is
a promising approach to reduce void formation and improve
the mechanical strength of polymer membranes. Metal oxides
Nanoparticles (NP), such as titania and alumina loaded on
carbons, were considered for preparing membranes for water
applications. The effects of nanoparticle loading, size and
morphology, and methods of nanoparticle incorporation on the
functional properties of the resulting nanocomposite membranes
have been studied. There are several methods of preparing NP/
membranes, including phase inversion, coagulation, precipitation
and interfacial polymerization, in addition to a combination of
solvent casting and melt mixing method.

Titanium (TiO,) has been the focus of numerous investigations
in recent years, because of its high hydrophilicity, stable chemical
property, and low cost, etc. Most of researchers carried out in
this field have focused on the use of TiO, powder suspended
in the water as a catalyst. The method of TiO, self-assembly on
the surface with the terminal functional groups (for example,
single crystal silicon, quartz, and glass substrates) has been
used to fabricate multilayer ultrathin films. However, the cost of
NPs and their availability remain the significant obstacles to the
application of NPs for water treatment. A significant reduction
in flux loss was observed upon compaction for porous, phase
inversion, TiO, nanoparticle filled membranes.

Increasing loadings of alumina (AL,0,) nanoparticles in phase
inversion PVDF membranes were correlated with an increase in
hydrophilicity of the modified membranes, while incorporation
of TiO, nanoparticles to phase inversion membranes (Li, et al,
2006) showed hydrophilicity enhancement [7,8].
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Carbon Nanotube Loaded With Nanoparticles

CNTs decorated with Metal Oxide (MO) Nanoparticles (NP)
form a new class of hybrid nanomaterials that could potentially
display not only the unique properties of NPs and nanotubes but
also additional novel physical and chemical properties due to the
interaction between CNTs and attached NPs [13-24].

Many studies have been devoted to the fabrication of metal
nanoparticles-decorated CNTs for unique chemical, physical and
optical properties. Various composites of MWCNT with metal
oxides such as alumina, tungsten oxide, and titanium dioxide
were reported [9-12]. Also, we have reported the successful
encapsulation of iron oxide in carbon nanotubes, yielding a new
type of hybrid nanostructure that combines all the key magnetic
properties of the guest molecules with the functional properties
of the host nanotube. The fabricated nanocomposites have been
tested for different applications related to water treatment;
sorption and photodegradation. MWCNT/WO, showed enhanced
photocatalytic activity toward dyes degradation under solar
irradiation comparing with WO, nanoparticles. The enhancement
in photocatalytic performance has been explained based on
adsorption ability and electron transportation as a result of a
strong interaction between WO, and MWCNTs. Other example
used as photocatalyst for phenol degradation under irradiation
of visible light, is MWCNT/TiO,, Figure 3, which showed higher
efficiency compared to pure TiO,. Also, CNT/TiO, showed high
activity for the decomposition of dyes and alcohol in water under
UV irradiation. However, the large-scale practical application
of CNT/MO nanocomposites will be difficult to realize if such
materials have been used in suspension systems or in fixed bed
column mode for water treatment.

Based on the literature review as well as our experience,
we share with the researchers and scientists the idea of
encapsulation CNT/MO nanocomposites aiming to address the
one major challenge of membrane used in water treatment units,
namely efficient membrane, which tolerates harsh conditions
such as high pressure and temperature. This is due to the fact
that CNT and MO have high mechanical and thermal properties
as well as chemical and physical stability. The objective is to
produce a CNT/MO-polymer nanocomposite membrane with
enhanced properties. The membrane is expected to have the
properties of each component; CNT, NP and polymer, and
additional novel properties due to the interaction between
them. For the implementation of the idea, CNT/MO composites
first to be synthesized. Then, this composite can be embedded
in a membrane. Chemical interaction between the composite
and the polymer is of importance. In addition, fundamental
understanding of the binding mechanism between them will
facilitate the rational design and use of these membranes.

This is with taken into consideration that membrane fouling
is still a critical problem for efficient commercialization of
filtration plants, which results in flux decline with operating
time. Therefore, application of the resulted membrane for water
treatment is expected to reduce fouling. This is because, CNTs can
enhance the mechanical stability which is of major importance
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Figure 3: Examples of metal oxides loaded on carbon structures; titania, alumina, silica and iron oxides loaded on carbons

for membranes, as it is required to prevent structural breakage
at high pressures and thus ensure the membrane’s operational
viability, thus, improvement of the mechanical properties of
polymeric membranes via nanocomposites incorporation into
polymer [13].

Titania of photocatalytic destructive capability on
microorganisms is considered to be a novel mean to reduce
membrane biofouling, which is considered the main reason for
flux decline. Therefore, embedding CNT/TiO2 nanocomposite
in a membrane is enhancing the permeability over a prolonged
period of reverse osmosis operation. Silver nanoparticles are
considered to be effective in deactivating the microorganism.

Thus, embedding CNT/Ag composite in a membrane is expected
to increase anti-biofouling function in order to reduce the
contaminants decreasing the efficiency of the membrane. The
presence of NPs is also expected to improve the compaction
resistance of the membranes. The hydrophilicity can be highly
controlled by functionalizing CNT with either hydrophilic or
hydrophobic group. Thermal stability and flammability can be
enhanced by embedding CNT/silica oxide nanocomposites. The
nanocomposites embedded into membrane can be used in water
treatment, purification. Such membranes can also be used in
different applications. The idea allows for the more robust design
of nanocomposite membrane properties as well.
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Conclusion

Incorporation of nanoparticles into a forming membrane
matrix appears to be an attractive approach to the design of
nanocomposite structures with improved mechanical and
separation properties and with embedded nanoparticle-based
functionalities. It is important to note that work reported to date
has utilized multiwalled nanotubes CNT with a variety of different
structures, with the choice of CNT dictated by availability or
processing considerations. Properties that do not rely on high
synergy between the nanoparticle and CNTs, such as electrical
conductivity, have already shown notable enhancements.
However, the chemical interaction between nanoparticles and
CNT is not yet clear since CNT has many functional groups. In
addition, the embedding of CNT or nanoparticles-modified CNT
within membranes is an interesting area of research that requires
further investigation.
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