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ABSTRACT

In this study, graphene oxide—copper oxide (GO-CuO) based efficient nanocomposite was synthesized
for the enhanced desalination of Gulf of Oman saline water. The adsorbent was characterized by Raman
spectroscopy, X-ray diffraction, field emission scanning electron microscopy, energy-dispersive X-ray
spectroscopy, transmission electron microscopy (TEM) and Brunauer—-Emmett-Teller-Barrett-Joyner—
Halenda (BET-BJH) techniques. The specific surface area was found to be 76.95 m?/g for newly fabricated
nanocomposite using BET technique. Desalination of seawater was carried out under batch adsorption
of Na* and K* using GO-CuO nanocomposite. Additionally, effective parameters on desalination
process such as contact time, initial concentration, temperature and pH were comprehensively
analyzed. The removal efficiency values for Na* and K* using 0.1 g of GO-CuO as an adsorbent were
obtained as 96.74% and 82.47%, respectively, within 30 min at pH = 7.2. Moreover, the adsorption
equilibrium and contact time data were fitted well to the Langmuir isotherm and pseudo-second-order
kinetic model, respectively. The analysis from these models suggested monolayer adsorption pattern
following a physisorption mechanism for Na* and K*ions uptake using GO-CuO nanocomposite.

Keywords: Graphene oxide; CuO nanoparticles; Seawater desalination; Adsorption isotherm;
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1. Introduction

Recently, shortage of freshwater due to climate changes,
industrial activities, food safeties and growth of population
has become a main global challenge [1-3]. Although 75% of
the earth surface is covered by water, only 3% of it is pota-
ble water which can be used for household activities [4].
According to the Food and Agriculture Organization (FAO)
report, the number of people suffering from freshwater scar-
city until 2025 would reach 1.9 billion. This, probably would
lead to serious water originated conflicts. Hence, desalina-
tion of seawater would be an effective way to produce fresh-
water to address the issue of water scarcity [5]. Desalination
methods are the cost-effective technologies that can remove
or separate the dissolved salts and inorganic species from
water sources. There are various methods for seawater
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desalination including thermal evaporation, distillation,
membrane filtration, reverse osmosis, electrodialysis, gas
hydrate and solar desalination [3,6,7]. Applying the nanopar-
ticles in the membranes caused to using nanotechnology as
an affordable technique for water desalination by researchers
[8-10]. Additionally, nanomaterials are frequently used as
adsorbents for seawater desalination. Recyclable and inex-
pensive adsorbents with potential benefits can be used for
recovery of valuable elements such as uranium, lithium and
boron [11-14]. Nanoadsorbents based on magnetic nanopar-
ticles [15], conductive polymers [16,17], carbon nanotube
[18] and graphene were successfully developed for water
desalination.

In particular, water permeable graphene oxide mem-
brane is widely applied in salt water treatment with high
desalination efficiency [5,19-21]. Graphene oxide provides
interesting features including high specific surface area,
porous structure, high flexibility and favourable mechani-
cal/chemical stability [5]. Graphene oxide is a single sheet,
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sp*bonded carbon, two-dimensional nanostructure, with
rich delocalize m—t electron stacking and various oxygenated
functional groups (carboxyl, hydroxyl, phenyl and epoxy
groups) [21,22]. Due to its high specific surface area and
functional groups, graphene oxide can adsorb metal ions due
to its remarkable adsorption capacity [23,24]. The graphene-
based material is successfully applied for salt water desalina-
tion by various researchers [25,26].

In order to increase water permeability, antibacterial
effects and easy collection of graphene oxide from the high
volume of aqueous samples, CuO nanoparticles were dis-
persed on the graphene oxide sheets. Low-cost CuO nanopar-
ticles possess potential features including water dispersity,
easy synthesis, high affinity towards graphene oxide, besides
being greener in synthesis approach and an effective antibac-
terial agent [27,28]. Due to the presence of various types of
microorganisms in seawater the stabilizing of antibacterial
adsorbents, that is, CuO is essential for desalination. The
antibacterial activity of CuO nanoparticles has been demon-
strated previously by different research groups [29-31].

In the current study, a simple, fast and low-tempera-
ture method was used for the one-pot synthesis of graphene
oxide doped CuO nanoparticles (GO-CuO). GO with large
nt-staking and high specific surface area avoids the aggrega-
tion of CuO nanoparticles. Besides, oxygenated functional
groups increase the sorption affinity of GO towards cat-
ions (i.e,, Na" and K" ions). Additionally, CuO nanoparticles
refrain the agglomeration of GO sheets. The Gulf of Oman’s
salt water desalination experimental process was evaluated
under adsorption isotherms and kinetic models. This study
is focused on Na' and K' ions adsorption from seawater
because of high level of sodium and potassium ions.

2. Experimental
2.1. Material and reagents

Ethanol, sodium carbonate (Na,CO,), copper(Il) nitrate
pentahydrate (Cu(NO,),.5H,0), sulphuric acid (H,SO,),
sodium nitrate (NaNQ,), potassium permanganate (KMnO,),
hydrogen peroxide (H,O,), hydrochloric acid (HCl), dimeth-
ylformamide (DMF), chloroform (CH,Cl) and sodium
chloride (NaCl) were purchased from Merck (Darmstadt,
Germany). Commercial graphite powder was obtained from
Beijing Chemical Co. (Beijing, China).

The Gulf of Oman water samples were collected from the
beach of Chabahar, Iran; the native concentration of selected
ions was estimated to be 18,700 mg/L for Na* and 9,200 mg/L
for K* ions, pH = 7.2. Working solution was prepared by
dilution of seawater (10 times) to get Na* = 1,870 mg/L and
K*=920 mg/L.

2.2. Characterization of the adsorbent

An atomic emission spectrometer of PFP7 JENWAY with
a flame photometer (Leverkusen, Germany) was used for
potassium (K) and sodium (Na) level measurements in water
samples. The Raman spectra were recorded by an Almega
Thermo Nicolet Dispersive spectrometer (Germany). The
crystallinity of the nanocomposite was studied using a X'Pert
Pro, X-ray diffractometer (XRD) from PANalytical (Almelo,

Netherland) with Cu Ko radiation (A = 1.54060 A), 40 kV
and 40 mA. The specific surface area of the graphene-based
adsorbent was studied based on Brunauer-Emmett-Teller
(BET) theory by a Microtrac Bel Corp from BEISORP Mini
(Tokyo, Japan). A field emission scanning electron micros-
copy (FESEM) equipped with energy-dispersive X-ray (EDX)
analysis from Zeiss SSIGMA VP (Jena, Germany) was used for
the adsorbent’s surface morphology study and element analy-
sis. Nanocomposite morphology was analyzed by a transmis-
sion electron microscopy (TEM) from Zeiss-EM10C-100 KV
(Oberkochen, Germany) with an accelerating voltage of 80 kV.

2.3. Synthesis of nanocomposite
2.3.1. Synthesis of graphene oxide

Graphite powder (2 g) was dispersed in 50 mL of H,SO,
(97%) then 2 g sodium nitrate was added to the mixture.
After 1 h of stirring, the mixture was kept in an ice bath and
KMnO, (3.7 g) was slowly added to it. Then, the solution was
kept at 35°C for 2 h under vigorous stirring. 140 mL deion-
ized water was added to the mixture before cooling down to
the room temperature. Lastly, 6 mL H,O, (30%) was added
to the mixture under stirring for 2 h. Then, the product was
sonicated for 30 min, thereafter, it was washed with HCI (1%)
and deionized water to reach pH ~7. The solid product was
oven dried at 40°C for 24 h.

2.3.2. Synthesis of CuO nanoparticles

A copper nitrate solution of 1 M was prepared and slowly
added into sodium carbonate solution (1 M) in a preheated
water bath at 70°C. The addition rate was approximately 5 mL/
min and pH was maintained at 7-8. The sediment was washed
and then oven dried at 80°C for 24 h. Thereafter, the product
was calcinated at 350°C for 6 h to produce CuO nanoparticles.
Finally, the product was grinded into powder and washed with
ethanol/water and dried at 60°C for 24 h in a vacuum oven.

2.3.3. Synthesis of CuO doped graphene oxide

50 mg of freshly prepared graphene oxide (GO) was dis-
persed in 4 mL dimethylformamide and sonicated at room
temperature for 2 h. In another vial, 40 mg of CuO nanopar-
ticles was dispersed in 6 mL chloroform then added into GO
solution (dropwise) followed by sonication at room tempera-
ture for 3 h. Finally, the sediment (GO-CuO) was separated
by the assistance of centrifugation and washed with hexane
for three times.

2.4. Desalination procedure

The desalination of seawater (50 mL) from Na* and
K* ions was carried out using batch adsorption technique
employing 0.1 g GO-CuO nanocomposite at room tempera-
ture for 60 min (ultrasonic). The desalination efficiency was
investigated by altering various parameters such as pH (5-8),
adsorption time (5-60 min) and temperature (25°C-50°C).
Hence, after each desalination, the residual concentrations of
Na* and K" ions were measured using flame atomic emission
spectroscopy. Finally, the equilibrium adsorption capacity
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(g,) of GO—CuO and adsorption (desalination) efficiency (E%)
was calculated using Egs. (1) and (2), respectively.

1.=-(C,C) 1)

E%:[COC_C"JXNO @)

0

where g, is adsorption capacity (mg/g), V is the aqueous vol-
ume (L), m is the mass of adsorbent (g), C, initial concentra-
tion of ions (mg/L) and C, concentration of ions after desali-
nation (mg/L).

3. Results and discussions
3.1. Raman spectroscopy

The Raman spectrum of the graphene oxide nanosheets
(Fig. 1(A)) shows two peaks for D and G bands at 1,320 and
1,770 cm™, respectively. The D band is due to the presence of
turmoil and flaws in the structure of the graphene network.
This mode (D) corresponds to the carbon atoms bonded to
oxygen functional groups. The G band is related to the car-
bon atoms with sp? hybridization, in other words, this mode
confirms the existence of unreacted carbon atoms on the
graphene network. A broad peak at 2,737 cm™ is correspond-
ing to D overtones. Fig. 1(B) shows the Raman spectrum
of graphene oxide doped with copper oxide nanoparticles
(GO-CuO). It is clear that the two extra characteristic peaks
at 596 and 597 cm™ are observed which are corresponding to
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vibrational modes T, of copper oxide nanoparticles. The D
and G bands are also observed in Fig. 1(B) which confirms
the successful synthesis of GO—CuO nanocomposite.

3.2. X-ray diffraction

X-ray diffraction (XRD) is a crucial technique to identify
the crystalline structure of nanomaterials. The XRD patterns of
the as-prepared CuO nanoparticles (JCPDS Card No. 00-041-
0254) and GO-CuO nanocomposite are shown in Figs. 1(C)
and (D), respectively. Several sharp peaks are clearly observed
for CuO at 20 = 32.51 (110), 33.55 (002), 38.77 (111), 48.87 (200),
53.44 (111), 58.30 (202), 61.59 (020), 65.68 (113), 66.32 (311), 68.02
(222), 72.41 (311) and 75.73 (222). Only one extra peak at 8.44
(002) was observed in the XRD spectrum of GO-CuO nano-
composite confirming the presence of amorphous graphene
oxide. Adsorbent material after desalination was also checked
by XRD technique (Fig. 1(E)), it is obvious that two new signals
were appeared. These signals are probably due to the adsorp-
tion of Na* and K*on the surface of GO-CuO nanocomposite.

Scherrer’s equation (Eq. (3)) was used to predict the aver-
age size of CuQ crystals as follows:

oo Kn -
Bcos(6)
B=FWHM* [1;‘0} 4)

where D is the particle size in nm, 0 is the angle correspond-
ing to sharp peaks, A is the wavelength in nm, FWHM is full-
width data at half maximum and K is a constant with the
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Fig. 1. Raman spectroscopy of (A) CuO and (B) GO-CuO. XRD patterns of (C) CuO nanoparticles and GO-CuO nanocomposite (D)

before and (E) after desalination.
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value of 0.96. The Scherrer equation suggested the average
diameter of 20.7 nm for CuO nanoparticles.

3.3. Scanning electron microscopy

In a typical nanomaterial, an understanding of its micro-
scopic structure is necessary to evaluate the features of the
material. The morphology of the as-prepared GO and GO-CuO
nanocomposite was investigated using FESEM. As can be seen
in the FESEM image (Fig. 2(A)) the GO nanostructured films
(sheets) are clearly formed. Fig. 2(B) indicates the presence of
CuO nanoparticles which spread well onto the surface of GO
sheets. In order to verify the presence of the desired elements,
an EDX elemental analysis was performed on the GO-CuO
nanocomposite (Fig. 2(C)). The results confirmed the presence
of Cu (33.74% w/w), C (53.13% w/w) and O (13.13% w/w) ele-
ments on the GO-CuO. As evident from the obtained results
the presence of carbon in the highest percentage is due to the
fact that GO is the substrate for copper oxide. Additionally,
EDX mapping (Fig. 2(C)) was applied for GO-CuO nanocom-
posite after desalination. As can be seen, the expected elements
(carbon, oxygen, copper, sodium, potassium and chlorine) are
well dispersed on the nanocomposite surface with appropriate
weight percentage as 40.7%, 30.7%, 13.4%, 5.8%, 1.3% and 5.4%
for C, O, Cu, Na, K and ClJ, respectively.

3.4. Transmission electron microscopy

Fig. 3(A) shows the TEM micrograph of CuO nanoparti-
cles. The TEM micrograph depicted the nano-size CuO with
an average 20 nm size of nanoparticles. Fig. 3(B) illustrates

that the graphene nanosheets are present in the form of
stacked layers. Fig. 3(C) corresponds to the GO sheets after
establishing with CuO nanoparticles (magnification x12,000).
It is clear that the CuO nanoparticles are well dispersed on the
surface of GO sheets. Besides, the TEM image with high res-
olution (Fig. 3(D)) also specified that the GO sheets have pre-
vented CuO nanoparticles from aggregation and vice versa.

3.5. Specific surface area analysis

To obtain the adsorbents specific surface area, pore vol-
ume and pore size, BET-BJH analysis were performed for
GO and GO-CuO nanocomposite. Figs. 4(A) and (B) show
GOs adsorption—desorption isotherm and BET linear graph,
respectively. BET graph gives valuable information about
N, gas volume (cm?/g), specific surface area (m?/g) and total
pore volume (cm?/g) of the adsorbent. BJH profile can ascribe
the pore size distribution (nm) in the range of 1-100 nm. Figs.
4(C) and (D) show the adsorption—desorption isotherm and
BET profile of GO-CuO, respectively. Hence, the specific sur-
face area obtained was 133.28 and 76.97 m?/g for GO and GO-
CuO, respectively. Pore diameter was calculated to be 7.0 nm
for GO and 9.2 nm for GO-CuO nanocomposite. These indi-
cate that the specific surface area of GO doped with CuO
nanoparticles (GO-CuO) was decreased to 42%, while the
diameter of the pores is increased to 15.5% as compared with
unmodified GO. Additionally, BET-BJH techniques are also
used for analysing GO-CuO nanocomposite after desalina-
tion (Figs. 4(E) and (F)). After desalinate, the BET surface area
declined to 16.6 m?/g, indicating that the active adsorption
sites were probably occupied with Na*and K" ions.
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Fig. 2. FESEM micrograph of (A) graphene oxide and (B) GO-CuO nanocomposite. (C) EDX spectrum of GO-CuO nanoparticles after
desalination and elements mapping analysis of carbon, oxygen, copper (Cu), sodium (Na) and potassium (K).
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Fig. 3. TEM micrographs of (A) CuO nanoparticles, (B) graphene oxide, and GO-CuO nanocomposite with magnification of (C)

x12,000 and (D) x35,000.

3.6. Parametric studies
3.6.1. pH study

The solution’s pH is an important parameter in desalina-
tion process since it can control the ions sorption on the solid’s
surfaces, dissociation of functional groups, and the adsorbent/
adsorbate degree of ionization. Zeta potential was studied
for GO-CuO at different pH (Fig. 5(A)) which provided that
the pH of point zero charge (pH,,.) is 5.83. Given that the
adsorbent possesses isoelectric charge at pH 5.83. Besides, at
pH less than 5.83, adsorbent possess positive surface charge
and at pH greater than 5.83 its change changes to negative
charges (Fig. 5(B)). Therefore, at pH > pH,,, . the desalination
and removal efficiency of sodium and potassium ions are the
highest values. Since, the adsorption sites on the adsorbent
increase by deprotonating of carboxyl groups that adsorb the
positively charged sodium and potassium ions. However, the
effect of pH on desalination performance was investigated by
varying the pH from 5 to 8 when 0.1 g of GO-CuO adsorbent
was used (Figs. 5(C) and (D)). The pH investigations indicated
that by increasing the pH, the desalination efficiency increases
as well. Hence, pH = 7.2 is selected as the optimum condition
for further analysis. This is because the pH of Gulf of Oman
seawater is equal to 7.2 and also that the removal efficiency
does not increase significantly from pH 7.2 to pH 8.

3.6.2. Adsorption time

The effect of contact time on the adsorption of Na* and
K on GO-CuO was investigated for Gulf of Oman seawater
(50 mL of Na* = 1,870 mg/L and K" = 920 mg/L solution and
100 mg of adsorbent). Fig. 6(A) shows that the adsorption

efficiency for Na* and K' ions increases with an increase in
the contact time from 5 to 20 min. The adsorption efficiency
remains almost constant up to 60 min since sorption process
reaches its equilibrium. Thus, 30 min is selected as an opti-
mum time for desalination.

3.7. Adsorption capacity and isotherm

The adsorption capacity of the adsorbent (Q ) was carried
out by varying the concentration of Na* and K* ions of Gulf
of Oman seawater as shown in Fig. 6(B). In particular, upon
increasing the ions concentration the Q values for Na* and K*
increases until all the adsorption sites are occupied (reaching
equilibrium). In order to validate the experimental process
and adsorption mechanism, the adsorption isotherm models
were considered thoroughly [32,33]. Isotherm models can also
explain the possible interactions between the adsorbent mate-
rials and adsorbed analytes. Hence, Langmuir, Freundlich
and Temkin isotherms models were examined [34]. Langmuir
isotherm describes the monolayer sorption onto the homoge-
neous surface with a single layer, where there is no interac-
tion between the adsorbed molecules and the active sites of
adsorbent [35,36]. Additionally, the sorption energy is con-
stant and the adsorbent has a limited capacity for adsorbed
[35,36]. Eq. (5) expresses the Langmuir isotherm:

Q. 1+K,C,

©)

where C is the residual concentration (mg/L), Q, is the equi-
librium sorption capacity (mg/g), K, is the Langmuir constant
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related to heat adsorption (L/mg) and Q, is the maximum
adsorption capacity (mg/g) [3,23]. The Q,  value can be
obtained from a linearized form of Langmuir (Fig. 7(A)) by
plotting 1/Q_ vs. 1/C,. Hence, the values of Langmuir param-
eters for Na* and K* ions are listed in Table 1.

Freundlich isotherm describes the multilayer interactions
between molecules adsorbed onto the heterogeneous surface
[37,38]. Linearized form of Freundlich isotherm is plotted
(Fig. 7(B)) based on Eq. (6):
Q, =K,CM" (©)
where K, is the Freundlich constant [(mg/g)/(mg/g)""] and n
reflects the degree of nonlinearity and surface heterogeneity.
The highest heterogeneity occurs when the n value is close
to zero. If the value of n is between 0 and 1, the adsorption is
nonlinear. When 7 equals to 1, the adsorption is linear. The n
values less than 1 ascribe the chemisorption and those greater
than 1 describes physisorption process [39]. The values for
Freundlich parameters are given in Table 1.

Temkin isotherm similar to the Freundlich model describes
the heterogeneous surface by considering the indirect inter-
actions between the adsorbed molecules. Moreover, it deter-
mines heat adsorption process [40]. The linearized form of
Temkin can be represented using Eq. (7) as follows [34]:

Q,=BIn(A,C,) ()

B=—— ®)

p

where A is the Temkin constant (L/g), B is the constant related
to B (5.1), B is the heat of sorption (kJ/mol), R is the universal
gas constant (0.008314 kJ/mol) and T is the temperature (K).
Fig. 7(C) represents the linearized graph of Temkin model
and the parameters values are listed in Table 1.

Table 1 represents that the Langmuir isotherm is applica-
ble to validate the experimental data due to the high value of
R?(coefficient of determination) as compared with Freundlich
and Temkin models. The values of n and B indicated that the
adsorption process follows a physical adsorption. Since n > 1
and B < 20 kJ/mol, the adsorption is a physisorption mecha-
nism [41]. Thus, adsorption of Na" and K*ions from seawater
using GO-CuO followed a monolayer pattern with physical
adsorption mechanism.

3.8. Kinetic study

The sorption rate of Na* and K' ions from Gulf of
Oman seawater was explained with pseudo-first-order,
pseudo-second-order and intraparticle diffusion models.
Besides, adsorption kinetics depends on the physical and
chemical properties of the adsorbent material. This can
also affect the adsorption mechanism. Additionally, kinetic
models can be used in order to describe the adsorption
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Table 1

Langmuir, Freundlich and Temkin models parameters for sorp-
tion of Na* and K* from Gulf of Oman seawater using GO-CuO

Isotherm Parameters Na* K*
Langmuir Q,, (mg/g) 909 57
K, (L/mg) 0.009 0.165
R? 0.992 0.999
Freundlich K, [(mg/g)/(mg/g)""] 123 14
n 5.1 4.6
R? 0.859 0.797
Temkin A (L/g) 2.07 6.17
B (kJ/mol) 0.116 0.007
R? 0.946 0.889

mechanism, control the mass transfer and process of chem-
ical reactions.

Pseudo-first-order is simple and widely used as a kinetic
model for studying the uptake rate between sorbent and liq-
uid phase [42]. This model is expressed by Eq. (9):

Q,=Q(1-¢™) ©9)

where Q) is the experimental sorption capacity (mg/g), Q, is
the sorption capacity at a time ¢, k| is the first-order rate con-
stant (min™). The values of parameters are obtained from the
linear graph (Figs. 8(A) and (B)), and the obtained values are
listed in Table 2.

Pseudo-second-order kinetic indicates that the adsorp-
tion capacity of the adsorbent is proportional to its occupied
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Fig. 8. Linearized graphs of kinetic models (A) and (B) pseudo-first-order for Na*and K*, (C) and (D) pseudo-second-order for Na*and
Krand (E) and (F) intraparticle diffusion for uptake of Na" and K*ions from Gulf of Oman seawater using GO-CuO.

active sites [42]. Moreover, this model describes the forma-
tion of bonds from sharing or exchanging electrons between
the adsorbent and the adsorbed [43]. Pseudo-second-order
model is represented by Eq. (10) [44]:

Qekzt
1+k,Qt

where Q (mg/g) is the experimental sorption capacity and k,
is the second-order constant (g/mg min). The parameters val-
ues are calculated from the slope and intercept of the linear
graph shown in Figs. 8(C) and (D), and the obtained values
are given in Table 2.

Weber and Morris kinetics is known as intraparticle
diffusion model and can be expressed by Eq. (11) as follow:

Q= (10)

QI = kidtl/z +C, (11)

where the C, is the boundary layer, k,, is Weber and Morris
constant. If the value for C, is high, the effect of the bound-
ary layer would be significant. The linearized graph was
obtained by plotting g, against # (Figs. 8(E) and (F)). In the
graph, if the line passes from zero, the adsorption rate is only
controlled by an intraparticle diffusion mechanism. In the
graph, the first sharp step is corresponding to fast sorption on
the surface of adsorbent and the second step is related to the
gradual adsorption process [45]. The parameters values are
listed in Table 2.

Regarding Table 2, the pseudo-second-order is
well fitted to the experimental data as compared with
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Table 2
Kinetic parameters for sorption of Na* and K* from Gulf of Oman
seawater using GO-CuO

Kinetic models Parameters Na* K*
Pseudo-first-order Q,(mg/g) 704 26
k, (min™) 0.0077 0.0079
R? 0.398 0.494
Pseudo-second-order Q,(mg/g) 10,000 295
k,(g/mg min) 0.0000001 0.00001
R? 0.979 0.999
Intraparticle diffusion  k, " 283 8.9
C 7,450 258
R? 0.943 0.996
a2 8,513 292
C, - -
R} N/A N/A
98 - Nat
o7 | 96.74
96 95.52
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ij 93 9267
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Fig. 9. Effect of temperature on the adsorption of sodium (Na*)
and potassium (K*) from Gulf of Oman seawater samples.

pseudo-first-order due to the high value of R% Besides,
pseudo-second-order suggested appropriate theoretical g,
values for Na*" and K* uptake from Gulf of Oman seawater.
Additionally, adsorption rate was controlled by intraparti-
cle diffusion due to high values of C, and lower slope of the
second step of the graph.

3.9. Temperature study

Fig. 9 shows the effect of temperature on the efficiency of
Na*® and K* removal from Gulf of Oman seawater at normal
pH ~7.2 using 0.1 g of GO-CuO adsorbent. Different tem-
perature values from 25°C to 50°C were selected due to the
climatic conditions of South of Iran. By increasing the tem-
perature from 25°C to 50°C, the removal efficiency of Na*" and
K* increased from 4.7% and 15.7%, respectively. This could
be explained by the higher increase in the ionization rate of
K* comparing with that of Na" when the temperature rises.
Thus, more potassium ions would be absorbed by the sorbent
at higher temperatures. Besides, increasing the temperature
leads to hydration of Na" and K, therefore, the removal effi-
ciency was improved for both ions as the temperature rises.

3.10. Regeneration

Effective regeneration of the newly prepared GO-CuO
nanocomposite is essential to prove its affordable applicabil-
ity as an adsorbent. The reusability of GO-CuO adsorbent
was investigated by desorption of Na"and K* ions using 5 mL
of HCI (0.1 M) after each removal process for 10 adsorption—
desorption cycles. After each cycle, the GO-CuO was washed
with excess distilled water and reused for the next experi-
ment. For first cycle, adsorption efficiency obtained was
93% and 70% for Na* and K, respectively. After continuous
adsorption process for five times the adsorption efficiency
declines to 87% for Na* and 61% for K*. Hence, based on the
results, since the adsorption efficiency was not changed sig-
nificantly after five continues removal procedures, the GO-
CuO nanocomposite is reusable for at least five times.

4, Conclusion

In this study, a GO-CuO nanocomposite was synthe-
sized, characterized and applied for desalination of sodium
and potassium ions from Gulf of Oman seawater. TEM micro-
graphs confirmed the morphology of synthesized graphene
oxide as nanosheets and CuO as nanoparticles with an aver-
age diameter of 20 nm. BET-BJH techniques indicated high
surface area of the nanocomposites with porous structure.
The newly synthesized GO-CuO nanocomposite provided
high removal efficiency of 96.74% and 82.47%, respectively,
for sodium and potassium ions from Gulf of Oman seawater
samples. Isotherm models were studied and the Langmuir
was found to be the best isotherms to evaluate the experi-
mental data. Kinetic studies suggested that the rate of ions
adsorption onto GO-CuO follows a pseudo-first-order.
Hence, isotherm and kinetic models suggested a monolayer
adsorption pattern with physical adsorption mechanism for
the removal of Na* and K"ions using GO-CuO. Moreover,
the results show that the GO-CuO nanocomposite can be
used as an effective sorbent in seawater desalination.
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