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Abstract

Egypt has recently experienced a severe water deficit for a variety of applications. This situation can become worse
very soon. Consequently, it is critical to value the non-traditional water supply. The current study aims to prepare
a floating membrane using polyvinyl alcohol (PVA), carboxymethyl cellulose (CMC) polymer, and copper oxide
(CuO) for water desalination. The possibility of using the resulting membrane to distillate water with brine made
using sodium chloride salt was tested. The prepared floating membrane was found to be effective in desalinating
water. In addition, CMC/PVA- based composites have been electrically investigated to determine the low delay
characteristics of high-frequency signal transmission. Using a wideband dielectric spectrometer and a wide
frequency range (10-1-106 Hz), these composites' permittivity and loss tangent were investigated (BDS).
Experimental results reported low permittivity (~4 to 5) and loss tangent (~0.0006 to ~0.0009) values. These
features would make the composites promising in the high-frequency applications and desalination of saline water.
Keywords: CMC/PVA, CuO, Permittivity, Loss tangent

1. Introduction thermal energy. A sustainable way to reduce the
drinking water crisis is to utilize solar energy to distill
salty or contaminated water to produce clean water.
Solar energy is a green, renewable energy source [7,
8]. In order to address the growing demand for solar
water evaporation applications, the development of
suitable photothermal conversion materials during
solar energy harvest has attracted an increasing level
of interest [9, 10]. With the addition of materials to its
matrix, solar systems' poor photothermal efficiency
was partially improved. These materials aid in the
increased absorption of solar energy, but the water's
overall photothermal efficiency is reduced by the
ineffective process of heat transfer from the coating’s
surface [11, 12]. Inorganic materials like
semiconductors and noble metals as well as organic
materials like conjugated polymers, dyes, and carbon-
based materials can exhibit these materials [12]. A
new strategy to use solar energy for a variety of
purposes, including steam generation, domestic water

Energy and water are essential components for life,
economic growth, and societal advancement. The
Earth's ability to support humanity in the near future
will be severely tested, notably in terms of the essential
resources of clean water and energy supply [1, 2]. The
situation has become even worse with the significant
surge in energy prices [3, 4]. Water desalination has
taken on a greater significance as a technique of
supplying fresh water to a thirsty world due to the
depletion of surface and subterranean freshwater
resources and rising water needs. Traditional
desalination methods either use the energy-intensive
distillation process or the polymeric membrane
filtration method, which demands high freshwater flux
and salt rejection rates [3, 5, 6].

Through  photovoltaic, photochemical, and
photothermal processes, respectively, solar energy can
be captured and transformed into a variety of energy
types, including electricity, chemical (fuels), and
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heating, distillation, desalination, purification, and
photothermal catalysis, is to use nano-structured
materials as heat producers for gathering solar
illumination [11, 12]. One benefit of the photothermal
effect caused by nanostructured materials is its ability
to precisely modulate heat to a specific location at the
nanoscale. Additionally, nanomaterials exhibit
localized surface plasmonic resonance, quantum
confinement effects, and other fascinating phenomena
because of their distinctive electrical and optical
properties. Photothermal functions are favoured by all
of these characteristics, as well as a wide surface area,
programmable surface properties, and customizable
structures. Both the efficiency of sunlight's thermal
energy conversion and its absorption are factors in the
development of effective solar thermal collector
materials [12, 13].

The blending of polymers can result in producing
materials with enhanced properties more rapidly
compared to developing new polymer chemistry. In
order to optimize light harvesting efficiency and
consequently increase the production of heat energy, a
variety of photothermal materials, including
plasmonic metals, carbon-based materials, and
polymers with broadband absorption, have been
thoroughly explored [14, 15]. The current study aims
to produce a floating membrane using polyvinyl
alcohol (PVA), carboxymethyl cellulose (CMC)
polymer, and copper oxide (CuO) for water
desalination. Water desalination efficiency and
porosity of these materials have been correlated.

2. Materials and methods

2.1. Materials
Sigma Aldrich provided sodium hydroxide, copper
nitrate, and polyvinyl alcohol (PVA). The

carboxymethyl cellulose (CMC) polymer was
purchased from the Chinese company Kelong
Chemical Factory.

2.2. Methods
2.2.1  Synthesis of CuO nanoparticles

Copper nitrate (Cu (NO3)2.3H20) was used in the
precipitation process to create copper oxide (CuO)
nanoparticles. In deionized water, 0.1 M of copper
nitrate solution was made, then 0.1 M of sodium
hydroxide (NaOH) solution was added gradually
while being vigorously stirred up until pH 14, where a
black precipitate developed. Until pH 7 was achieved,
the precipitate was repeatedly washed with 100%
ethanol and deionized water. The cleaned precipitate
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underwent 16 hours of drying at 80 °C and 4 hours of
calcination at 500 °C. After that, 0.08 g of the net-
produced powder was dissolved in 25 mL of deionized
water and stirred with a magnetic stirrer for 30 minutes
at room temperature [16].
2.2.2  Preparation of CMC/PVA/CuO
bionanocomposites

Different PVA/CMC/CuO nanocomposites were
manufactured via solution casting techniques. Firstly,
PVA and CMC solutions (5% wi/v) were prepared
individually and then mixed at the ratio of 1:1 (v/v).
Different concentrations of the as-prepared CuO-NPs
(4 mL, 8 mL and 12 mL) were added to various
solutions of the PVA/CMC solution and kept under a
mechanical stirrer for 15 min. Distinctly, tannic acid
(TA) (2% wt./wt. of polymer blend) was sonicated
with CuO-NPs) to license good dispersion of
nanomaterials. Then, the TA with CuO-NPs is added
to the polymer blend with continuous mechanical
stirring. After that, the mixture was cured at 100°C for
10 minutes to make the blend cross-linked. The
solution was then allowed to cool until it reached room
temperature. The PVA/CMC/CuO nanocomposites
solutions were transferred into a transparent glass petri
dish and left at room temperature for 72 h in order to
vaporize the solvent, then create the PVA/CMC/CuO
bionanocomposites membrane. The fabricated
membranes were coded as CMC-C0, CMC-C4, CMC-
C8 and CMC-C12 states, to the concentration of the
utilized CuO-NPs with CA, where CMC-CO signifies
the preparation of CMC/PVA membrane without
CuO-NPs. On the other hand, CMC-C4, CMC-C8 and
CMC-C12 refer to the preparation of CA membrane
blended with 4 mL, 8 mL and 12 mL of CuO-NPs,
respectively.

2.2.3 Characterization
e Transmission Electron Microscopy
Using a transmission electron microscope (TEM)
model JEM-1230 from Japan, operated at 120 kV,
with a maximum magnification of 600X10° and a
resolution of 0.2 nm, the morphology of the samples
of manufactured nanocomposites was investigated.
Additionally, the morphology of the generated CuO-
NPs was created by drying a drop of the solution on a
copper grid that had been coated with carbon using the
Joel-100S transmission electron microscope, which
has a resolution of 0.3 nm.
o Dielectric Spectroscopy
At room temperature, measurements of the
dielectric properties of CMC/PVA loaded with 8 mL
of CuO were made across a broad frequency range (10
1.10% Hz). The mixed sample was placed between two
electrodes of a measurement cell linked to an
Impedance/Gain-Phase Analyzer 1260 to achieve this.
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Permittivity (¢"), dielectric loss (¢”), and AC
conductivity (oac) are the three dielectric qualities that
are of interest in this context. The following relations
can be used to provide these features [17]:

e=C 1)

&4
"= ¢'tand 2
Oge = WELE" 3

where & = 8.85x102 F/m is the vacuum
permittivity, o (= 2xf) is the angular frequency, f is the
frequency of the electric field in Hertz, and tand (=
&'/¢") is the loss tangent or dissipation factor, C is the
capacitance of the measured sample in Farad, d is the
thickness of the sample in meter, and A is the sample
surface area.

3. Results and discussion

3.1. Particle shape of CuO-NPs using TEM

The TEM micrographs of the created CuO-NPs at
low and high magnifications are displayed in (Figure
1 a, b). It is evident that the CuO-NPs that have been
synthesized have a uniformly spherical shape and a
nanosize of roughly 10-15 nm. However, a small
number of CuO-NPs aggregates were found indicating
that certain interfacial tensions between precursor
particles created by OH- bonding were diminished
during the curing process of the obtained CuO-NPs.

Figure 1: (a, b) TEM images of the as-prepared CuO-
NPs at low and high magnifications

3.2. Morphology of the produced membrane loaded
with Cu-NPs using SEM

The SEM was utilized to examine the
morphological features of the produced membranes. It
is observed that the membrane based on CMC/PVA
composite is composed of a porous structure and the
surface appears as a rough surface as detected in
Figure 2 (a). Upon mixing the composite with 4 mL of
Cu-NPs, the surface is changed with the appearance of
particles on the surface of the prepared film (Figure 2
b). On the contrary, upon increasing the concentration
of CuO-NPs to 8 mL and 12 mL as displayed in
Figures 2 (c, d) respectively, the surface became
significantly changed. The surface appears to be
smooth with the appearance of huge particles of CuO-
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NPs deposited onto the surface in easily entering the
pores of the composite membrane. The available
porous structure is mainly affected by the deposited
amount of the utilized Cu9—

g el ) < 4 L

NPs.

b

Figure 2: The SEM of (a) MC—CO, (b) CMC-C-4,

(c) CMC-C-8 and (d) CMC-C-12

3.3. Desalination using floating membranes

The received solar energy is absorbed by the solar
absorber (combined with the floating membrane), and
then converted into heat energy, which is used to heat
water into steam [18]. Synthetic saline water was
prepared by dissolving 10 g/l NaCl. Table 1 shows the
evaporation rate for the used membrane samples as
affected by direct sunlight. The volume of water was
500 ml.

Table 1: The rate of water desalination using the
floating membrane

Time (h)  Blank

Sample with floating

membrane

2 -- 4 ml

4 4 ml 8 ml

6 7 ml 14 ml
8 8 ml 19 ml
10 10 mi 42 ml
24 18 mi 87 ml
48 120 ml 180 ml

The experiment was extended from 7 am to 5 pm
during the period from 3/3/2021 to 6/3/2021.

Figure 3: Water evaporation of saline water, and the
corresponding thermal picture
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3.4. Dielectric spectroscopy

The frequency dependence of permittivity (¢) and
the loss tangent (zand) as well as AC conductivity (oac)
for the CMC/PVA and those loaded with 4, 8, and 12
mL of CuO-NPs, is investigated at room temperature
as illustrated in Figures 4 and 5. In Figure 4a, the
permittivity of the CMC/PVA composite shows the
lowest values compared to those mixed with CuO-
NPs. This means that introduction of CuO enhances
the composite polarizability. This in fact originated
from reducing both porosity volume fraction and the
number of porous as reported by SEM results. It is
generally reported that the porosity reduces the
electrical polarization and thus decreases permittivity
[19, 20]. As a result, the porous material is projected
to have less polarization than its dense counterpart
because it contains fewer active components. Another
reason for the porosity-dependent permittivity is as the
porous volume fraction increases, the number of
electric dipole moments per unit volume decreases,
revealing a total polarization decrease, i.e. permittivity
decreases. On the other side, the permittivity decreases
at a very slow rate upon increasing the frequency and
attained much lower values (~4 to 5) at high frequency
(10% Hz). It is well known that as the frequency
increases, both the permittivity and loss tangent for
most materials decreases due to a decrease in the total
polarization components; space charge, dipolar, ionic,
and electronic [21, 22]. In view of this, the obtained
low permittivity values are expected to be decreased
much more within a microwave frequency range (300
MHz-300 GHz). Accordingly, the expected low
permittivity values of CMC/PVA-based composites
would be promising for high-speed signal
transmission with minimum attenuation. Following is
a demonstration of this. The relationship between
high-frequency signal transmission speed V, signal
transmission loss, and the interlayer dielectric material
is stated as follows based on the signal transmission
rate formula:

vV=— 4)

where k is a constant and V (m/s) and ¢ (m/s)
represent the speed of light in a vacuum and the
propagation of signals, respectively. According to this
formula, signal propagation rates will be faster the
lower the permittivity of the dielectric material.

The loss in permittivity represents the electric energy
lost by the material as heat or/and leakage current. This
loss can be determined by a dielectric property called
the loss tangent (¢zand). The loss tangent value of a
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dielectric, however, is another issue to take into
account in high-frequency circuits. This study has
examined the frequency-dependent loss tangent of
CMC/PVA-based composites over a broad frequency
range, as shown in Fig. 4b. As clear, tand increases
with increasing CuO-NPs content whereas it decreases
rapidly with increasing frequency and attained much
lower values (~0.0006 to 0.0009) at 10° Hz. As
suggested above, the obtained loss tangent values are
expected to be decreased much more in the high
frequency. Thus, CMC/PVA-based composites would
be promising in high-frequency applications. This can
be demonstrated by the following formula:

a=k'ftansye  (5)

where o (dB/m) is the signal transmission loss of
the dielectric. The attenuation of signal propagation
decreases with decreasing loss tangent of the
dielectric. The study and development of high-
performance dielectric materials with low permittivity
and low loss tangent is the foundation of the high-
frequency  application of = CMC/PVA-based
composites, it can be inferred from the foregoing.
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Figure 4: The permittivity (¢') and loss tangent (zand),
both at room temperature, depending on frequency
f).

The AC conductivity (oac) is an also essential
property that determines the electrical conduction of
material upon applying an alternating electric field
[18, 23, 24]. It is mainly dependent on the
concentration and mobility of the free charge carriers
[25-27]. In the current study, the frequency
dependence of oa, at room temperature, has been
investigated as demonstrated in Figure 5. As clear, oxc
increases with increasing frequency at two different
rates below and above 10° Hz. It increases relatively
with a slow rate below 10% Hz, then remarkably
increases at higher frequencies, obeying the universal
power low (oac o ©°), where o is the angular frequency,
0<s< 1 is the frequency exponent [28]. The hopping of
charge carriers in the localized state is what results in
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this improvement in conductivity. In general, the term
"hopping" refers to the abrupt movement of free
charge carriers from one point to another nearby site,
which encompasses both quantum mechanical
tunneling and hops over a potential obstacle [21]. This
is common for polymeric and semiconductor samples.
In addition, o.c exhibits much lower values (10
S/cm) at very sufficient frequency, reflecting the
insulation property of CMC/PVA — based composites.
We also notice that a5 increases with increasing CuO-
NPs content and then all curves merge at frequencies
higher than 10°Hz.
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—e— 4 ML CuO
. —e— 8 ML CuO
107 F —»— 12 ML CuO
€
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=
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O 410
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Figure 5: The AC conductivity (c's) at room
temperature and its dependency on frequency (f)

4. Conclusions

Preparation of a floating membrane using polyvinyl
alcohol (PVA), carboxymethyl cellulose (CMC)
polymer, and copper oxide (CuQ) for water
desalination was carried out. The produced floating
membrane was found to effectively evaporate water
from the saline solution. The optimization of the
efficiency of the produced membrane by using
different nanomaterials as well as different
concentrations of nanomaterials incorporated with the
polymer used for manufacturing the floating
membrane is of vital importance.

On the basis of dielectric data collected for
CMC/PVA/CuO composites, we have drawn the
following conclusions:

o  Both permittivity and loss tangent decreased with
increasing frequency whereas they slightly
increased with increasing CuO-NPs content. AC
conductivity increased with increasing both
frequency and CuO-NPs content. Further, it
showed much lower values (10 S/cm),
reflecting insulation property of all composites.
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e Interestingly, the low permittivity (~4 to 5) and
loss tangent (~0.0006 to 0.0009) values make
CMC/PVA/CuO composites promising for high-
speed signal transmission with minimum
attenuation. The interesting features of these
composites make them technologically important
and competitive to other alternative materials,
not only due to their low loss and permittivity
values but also due to their cost-effectiveness.
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