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HIS work describes the preparation and characterization of Sodium Alginate (NaAlg)
treated with Titanium dioxide (TiO,)-Carbon nanotube(CNT). The morphology of
composites was investigated by scanning electron microscope (SEM) showing the CNT
coated with NaAlg and the TiO, dispersed in the NaAlg matrix. Fourier Transform Infrared
Spectroscopy (FTIR) was applied for characterization of NaAlg composite with TiO,/CNT,

the whole alginate presented bands in the region of 948-780 cm'. The structure characteristics

and surface properties of the samples were characterized by Electrical Conductivity that was
measured in the range of (42 Hz-1 MHz). The study concluded that the introduction of TiO,/
CNT resulted in improvement in electrical conductivity of the NaALg matrix.
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Introduction

The wide use of heavy metal solutions in many
industrial activities such as battery manufacturing
and painting results in the generation of large
quantities of effluent that contains high level
of heavy metals, most of which are toxic and
carcinogenic. Therefore, their presence in the
aquatic ecosystem poses the human health risks
due to their non-degradable and persistent nature.
The strict regulations concerning the presence
of heavy metals in the aquatic environment
have been introduced in recent years [1].
Consequently, the treatment of industrial effluents
is a challenging topic in the environmental field
and many conventional methods are used for the
removal of toxic metals from aqueous solutions
such as chemical precipitation, liquid-liquid
extraction, ion-exchange adsorption [2], filtration
[3], electrochemical treatment, reverse osmosis,
membrane  technologies, and evaporation
recovery. Among these methods, adsorption may
be a suitable wastewater technology competitive
with the other conventional technologies to

remove heavy metals. Currently, research is
focused on the use of bio adsorbents which are
inexpensive, biodegradable, and available in large
quantities to support potential demand [4]. CNT
were first reported by Iijima in 1991 and they
possess unique mechanical, optical, electrical
and thermal conductivity along with thermal and
chemical stability. Due to the unique properties
of CNT, researches have focused on utilizing
these remarkable characteristics for engineering
applications such as polymeric composites,
hydrogen storage, actuators, chemical sensors,
and nano-electronic devices. CNT have high
surface-to-volume ratio, and that is why they offer
chemically facile sites that can be functionalized
with additives thereby resulting in a strong
interfacial bond with the matrix [5]. CNTs have
beenwidelyused as adsorbents toremove inorganic
and organic contaminants from wastewater in
recent years. The exceptional properties of CNTs
such as high mechanical strength, large specific
surface area, hollow and layered structures, and
high chemical and thermal stabilities, make them
a good candidate as adsorbent and allow the
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great promising applications in environmental
protection [6]. However, widespread usage of
CNTs will cause increased emissions to the
aquatic environment and result risk of contact risk
with CNTs [7]. Because of the poor degradability
[8] and toxicity of CNTs, they should be removed
from the drinking water as far as possible. As
it is difficult to remove CNTs from water using
conventional separation methods due to their
nano-sized structures, this limitation may be the
bottleneck to obstruct CNTs to be widely used
as adsorbents in environmental protection in
the future [9]. Titanium dioxide (TiO,) is one
of the most interesting photocatalysts due to its
remarkable photocatalytic performance, ecasy
availability, long-term stability, and nontoxicity
[10]. When the light irradiation has energy larger
than the band-gap energy of TiO, (3.20 eV for
anatase and 3.03 eV for rutile), the photoexcitation
of TiO, generates electron-hole pairs. These pairs
initiate a cascade of events producing reactive
oxygen species (ROS), which are involved in
pollutants degradation on TiO, particles surface.
However, some drawbacks arise when TiO, is
applied as a photocatalyst: (1) the photo generated
electron—hole pairs can recombine quickly, which
affects the photocatalytic efficiency, and (2) TiO,
can only be excited with ultraviolet (UV) light,
which is less than 5% of sunlight, because of
its wide band gap [11]. These disadvantages
result in a low photocatalytic performance
for environmental applications. Therefore, to
efficiently apply abundant sunlight as a green
process, a series of strategies, such as metal/
nonmetal elements doping and coupling with
other functional materials has been adopted
to design visible-light-sensitive ~TiO,-based
photocatalysts by introducing an extrinsic band
gap with lower energy, suppressing electron—hole
recombination rate and increasing the surface
charge carrier transfer rate of TiO, [12-14].The
application of photocatalytic degradation for the
decontamination of industrial wastewater and
the remediation of ground or drinking water has
become the focus of massively relevant research
[15-17].In the conventional process of wastewater
treatment, TiO, nanoparticles are generally used
as a slurry system due to the large surface area
of the catalysts available for high photocatalytic
efficiency [18]. However, the elimination of TiO,
suspended in treated water causes running costs
and induces secondary pollution, which greatly
restricts its practical applications. Consequently,
several methods have been utilized to immobilize
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TiO, nanoparticles on various substrates, such
as glass stainless steel plates [19] CNTs and
polymers [20]. Alginate, a natural polysaccharide
extracted from brown seaweeds, is a very
promising bio adsorbent. It is preferred over
other materials because of its various advantages
such as biodegradability, hydrophilic properties,
non-toxicity, natural origin, abundance, and
presence of binding sites due to its carboxylate
functions [21]. The carboxylate groups of the
polymer provide the ability to form biodegradable
gels in the presence of multivalent cations and
more specifically with calcium ions via ionic
interactions. In the environmental field, alginate
beads are widely used for the removal of heavy
metals from wastewater. In addition, alginate
beads containing different components to enhance
the adsorption capacity of the system are also
widely investigated [22].

Materials and Method

Films with different weight percentage of
NaAlg substituted with CNT/TiO, are prepared
using solution casting technique. NaAlg was
dissolved in distilled water and stirred with
magnetic stirrer at ambient temperature until it
is completely dissolved. CNT/TiO, was added
to the previous solution of NaAlg at a ratio of
2.5:97.5 wt.%, 5:95 wt.% and 10:90 wt.% and
stirred until there were no phase changes. The
mixtures were then cast into glass Petri dishes
and left to dry in air.

Results and Discussion

FTIR Analysis

The FTIR spectrum of NaALg 100%, NaAlg
97.5%/(CNT/Ti0,)2.5%, NaAlg 95%/(CNT/
TiO,)5%, and NaAlg 90%/(CNT/TiO,)) 10%
composites are shown in Fig. (1:a,b,c,d) Sodium
alginate (1:a) presented a band centered at 3343
cm’!  corresponding to the functional group
O-H. The band at 2945 cm is attributed to the
stretching vibration of C-H. The band observed at
2166 cm™ is attributed to the group CO, group.
The increase in the band intensity at 1603 cm™ is
corresponding to the carboxyl group band. Bands
observed at 1417 cm™ and 1358 cm™! are attributed
to the asymmetrical stretching of the COO- and
C-O groups. Bands at 1101 cm™ and 1034 cm!
are associated with the stretching vibrations
corresponding to the C-O group. Besides, bands
at 920 cm™! and 822 cm! are attributed to the C-H
vibration of the pyranose (ring of the alginate)
group [23]. Compared with the spectrum of NaAlg
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beads and NaAlg treated with CNT/TiO, (1:b,c,d),
the strong band of NaAlg beads at 1603 cm’!
which assigned to the carboxyl group shifted from
1608 cm™ to 1627 cm™! respectively indicating the
specified intermolecular hydrogen bonds between
the carboxyl group of NaAlg and CNT/TiO, [24].
The band at around 1704 cm™! corresponding
to the stretching mode of the carboxylic acid
groups of the CNT [25], which is observed at
the concentration of 10% of CNT/TiO,. The
spectrum shows that the prominent band around
600 cm™ is due to stretching vibration of Ti-O-Ti
nanoparticles [26]. The adsorption band at about
1105 cm™! may be ascribed to Ti—-O—C, indicating
a slight connection effect between CNT and Ti-O
bonds [27]. It means that the TiO, nano-particles
are attached chemically to the CNT surfaces and
are not easily separated.

SEM Morphology

SEM micrographs of the surface morphology
for the NaAlg 100%, NaAlg 97.5%/CNT/TiO,
2.5%, NaAlg 95%/CNT/TiO, 5%, and NaAlg
90%/CNT/TiO, 10% composites are shown in
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the Fig. (2:a,b,c,d) respectively. Depending
on the amount of CNT/TiO, present in the
polymer matrix, the morphology of NaAlg-
CNT/TiO, composite membranes will vary and
greatly influence its properties. These images
show many aggregates or chunks distributed
on the top surface indicating that the CNT/TiO,
particles tend to form aggregates and dispersed
into NaAlg polymer matrix. From the images of
pure NaAlg and NaAlg-CNT/TiO, composites,
it was observed that the apparent roughness and
whiteness (due to small particle size) increases
with increase of the content of CNT/TiO, and
its dispersion in polymer matrix. In case of the
distribution of grains, the homogeneous grains
were seen. But these were accommodated
like clusters of grains at different spots of
the polymer films. Particularly, the shape of
grains almost seemed to be like stones [28].
Nanocomposite showed new interwoven structure
acting as conductive pathway and leading to high
conductivity as compared to that of pure NaAlg
[29].

(a)

b)

(d)

1500 1000 500 0

Wavenumber (Cm™)

Fig. 1. FTIR Spectra for (a) pure NaAlg, (b) NaAlg-2.5% CNT/TiO,, (¢) NaAlg-5% CNT/TiO,, (d) NaAlg-10%

CNT/TiO, .
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Fig. 2. Scanning electron micrographs for (a) NaAlg (b)(NaAlg) 97.5%/(CNT/Ti02)2.5%, (¢) (NaAlg)95%/(CNT/

Ti02)5%, and (d) (NaAlg) 90%/(CNT/Ti02) 10%.

Electrical Conductivity
Dielectric properties

Temperature and Frequency dependence of (£7)

The variation of real part of dielectric constant
(€) for NaAlg 100%, NaAlg 97.5%/CNT-TiO,
2.5%, NaAlg 95%/CNT/TiO, 5%, and NaAlg
90%/CNT/TiO, 10% composites as a function of
frequency range (42 Hz-1 MHz ), and measured
at different temperature 308-398°K are shown
in Fig. (3:a,b,c,d). It is clear that the dielectric
constant increased with increasing temperature.
This increase may be attributed to the orientation
of the dipoles which are formed from the charge
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carriers. The increase in temperature increases the
ability of dipoles to align along the applied fields
and hence increase the dielectric constant [30].
Also, it can be seen that the dielectric constant
of the composites is high at low frequencies
and low at higher frequencies. This may be due
to the following reason: At higher frequencies
of applied signal, response may be given by
lesser number of dipole sites as their relaxation
time compared to the time required for them to
respond to signal, however, at low frequencies, all
the available dipole sites respond to the applied
signal producing a higher dielectric constant in
the sample [30].
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Fig. 3. Frequency and Temperature dependence of () for (a) NaAlg (b) NaAlg 97.5%/CNT/Tio, 2.5%, (c) NaAlg
95%/CNT/TiO, 5%, and (d) NaAlg 90%/CNT/TiO, 10%

Temperature and Frequency dependence of (£)
The wvariation of dielectric loss (€) for
NaAlg pure 100%, NaAlg 97.5%/CNT/TiO,
2.5%, NaAlg 95%/CNT/TiO, 5%, and NaAlg
90%/CNT/TiO, 10% composite as a function of
frequency range 42 Hz-1 MHz, and measured at
different temperature 308-398°K are shown in Fig.
(4:a,b,c,d). They exhibit high value of dielectric

loss at low frequencies which can be attributed
to the grain boundary effect, since the grain
boundaries are more active at lower frequencies.
Further at high frequencies, the grains become
more active and subsequently, the "‘parameter
will be reduced. It can be attributed to noticeable
enhancement of polarization of composites [31].
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Fig. 4. Frequency and Temperature dependence of (') for (a) NaAlg (b) NaAlg 97.5%/CNT/Tio, 2.5%, (c) NaAlg
95%/CNT/TiO, 5%, and (d) NaAlg 90%/CNT/TiO, 10%

Temperature dependence of AC conductivity

Fig. 5 shows the variation of AC conductivity
as a function of temperature ranging from 308-
398°K for NaAlg pure 100%, NaAlg 97.5%/
CNT/TiO, 2.5%, NaAlg 95%/CNT/TiO, 5%, and
NaAlg 90%/CNT/TiO, 10%. As the temperature
increases, the AC conductivity gradually
increases. When CNT/TiO, was added into the
polymer, it formed a donor-acceptor complex in
the conjugated system. As a result, quasi-particles
were created apparently polarons (cation) and acted
as charge carriers. At low dopant concentration,
the polarons have low mobility and exhibit low
conductivity. When the polymerization proceeds
with increased doping level, more CNT/TiO, is
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bound to carboxyl group of NaAlg. At this point,
many polarons are created and become crowded
to have enough energy to form bipolarons (di-
cation). This increases the mobility of the charge
carriers which causes the increase in conductivity
[32]. Plots of Log (c)as functions of 1000/T are
shown in Fig. 6. This type of electric conductivity
behavior follows Arrhenius model [33] and
according to this model conductivity-temperature
relations o=c, exp (-E, /KT), where o is the pre-
exponential constant, E_is the activation energy
in eV, K is the Boltzmann’s constant, T is the
absolute temperature. Activation energy (E)) is
calculated from slope of this plot. The obtained
activation energies are also given in table (1).
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Fig. 5. Plots of conductivity (o) as a function of Temperatures ranging from 308-398°K at {=1500 Hz for (a) NaAlg,
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Fig. 6. Plots of Log (o) as a function of 1000/T at f=1500 Hz for (a), NaAlg (b) NaAlg 97.5%/CNT/Tio, 2.5%, (¢)
NaAlg 95%/CNT/TiO, 5%, and (d) NaAlg 90%/CNT/TiO, 10%

TABLE 1. Activation energy for (a) NaAlg, (b) NaAlg 97.5%/CNT/Tio, 2.5%, (¢) NaAlg 95%/CNT/TiO, 5%, and
(d) NaAlg 90%/CNT/TiO, 10%

Sample Pure NaAlg 2.5% CNT/TiO, 5% CNT/TiO, 10% CNT/TiO,

Activation Energy(ev) 0.3 0.29 0.28 0.26
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Conclusion

NaAlg was successfully treated with TiO,/
CNTs. The morphology of composites was
investigated by SEM showing the CNTs coated
with NaAlg and TiO, dispersed in the alginate
matrix. FTIR was applied for characterization of
NaAlg composite with TiO,/CNTs. Comparing
with the spectrum of NaAlg beads and NaAlg
treated with TiO,/CNTs, the strong band of
NaAlg beads at 1603 cm™ which is assigned to
the carboxyl group shifted from 1608 cm' to
1627 cm™ respectively indicating the specified
intermolecular hydrogen bonds between the
carboxyl group of NaAlg and TiO /CNT. Electrical
Conductivity was measured in the range 42 Hz-1
MHz, the study shows that the introduction of
TiO,/CNT results in improvement in electrical
conductivity of the NaAlg matrix.
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