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Introduction
The annually renewable agricultural residues represent an 

abundant, inexpensive, and available source of renewable lingo-
cellulosic biomass, and their utilizations are attracting increased interest 
around the world, particularly for the production of novel materials 
for environmentally friendly industrial utilizations after chemical 
modification. Surface adjustments of initiating carbon have been 
connected as of late to upgrade the scattering property and adsorption 
limits of carbon materials, particularly amorphous carbon [1,2]. 
Amino, carboxyl, and hydroxyl functionalities assume a noteworthy 
part in developing complex structures in a blend with other utilitarian 
gatherings or the first structure of the carbon materials.

As is known, the major component making seawater saline is NaCl. 
Very wise chlorine is about 16 times higher than Mg, ~ 22 times than 
sulfur, ~ 48 times than Br and K. Similarly sodium is 9 times higher 
than Mg, 12 times to sulfur, 17 times to K and 180 times higher than 
Br and C [3,4]. Although NaCl is primarily present in much higher 
proportions, seawater does not merely consist of sodium chloride. If 
we want to remove only NaCl from water, it would still be unfit for 
drinking [5,6].

The process of desalination is based on heat based distillation as 
this or reverse osmosis (RO is now more common because the costs 
per unit of volume are lower in the long term.) There are different 
methods to remove sodium ions like reverse osmosis that changing 
seawater to freshwater. Hence, the reverse osmosis filter is used. With 
this reverse osmosis filter, all the mineral elements, as well as the 
impurities contained in seawater, are removed, making this close to 
pure freshwater [7]. Adsorption, i.e., Separation of sodium chloride 
from water, is the simple process for removal of NaCl from seawater 
[8]. Unlike desalination, the energy requirement in adsorption process 
is very small, and it can even work under gravity. The advent of Nano 
science and technology manifested by nonmaterial’s including such 
nanostructures that possess ACTF new carbon materials having pores 
and surface structures will lead to the exploration of nonmaterial for 
adsorption process [9]. Recently, instead of pores embedded in polymer 
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membrane, the native pores of carbon nanostructures, particularly ACTF, 
will have caught attention for absorption of sodium from the water [10].

Hybrid configurations encompass straightforward structures 
with a low degree of coupling between membrane and ion exchange 
processes but range up to very complex configurations with strong 
interconnections on both the water side and adsorption or ion exchange 
process, as well as with several desalination processes connected in 
series or in parallel [11-13].

Likewise picking up in significance are worried about ecological 
contamination and maintainable advancement while selecting seawater 
desalination and force plant setups, and additionally their improvement 
while considering desalination and electricity overall [14]. In the useful 
configuration of hybrid thin film membrane and ion exchange systems, 
viewpoints become known, however, that confine is connecting of the 
two frameworks and joint usage of offices, as imagined in studies and 
reasonable outline examinations [15,16].

The discoveries of the designing of this plant and the thought that, 
by expanding interconnection between the two procedures on the 
water side, it is conceivable to propel a half-breed arrangement of this 
sort as to cost streamlining in the layer establishment. By joint usage of 
the admission hardware, viewpoints result for connected examination 
endeavors over the close and long terms, for instance: long haul 
conduct of films at lifted temperatures, propensity for biofouling in 
layer procedure with regular use of cooling water and saline solution, 
impacts of such interconnections on the general accessibility of the 
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facility. Be that as it may, likewise for the operation and support 
association of such extensive offices, the outcomes can be predicted 
for the future advancement of half-breed plants [17], especially for 
operation administration and association of the interaction of the diverse 
force plant and desalination hybrid system, observing of SWRO layer 
substitution and cleaning, and additionally controlling water quality [18].

The goals of this feature of exploration were to assess the adsorption 
conduct of sodium ions on amorphous carbon thin film produced from 
rice straw waste and their functioning as far as adsorption limit and 
liking. To accomplish these objectives, the impact of trial climate, such 
as contact time, pH scale and temperature, on the adsorption process 
of sodium ions were analyzed. The adsorption thermodynamics and 
energy forms on amorphous carbon thin film were also considered. 
The operational simplicity, precision, What's more, the precision of the 
suggested ACTF recommend that it might be a chance to be a great 
elective for that determination from claiming inorganic cations On 
water Furthermore offer different requisitions Likewise desalination 
Also ion chromatography identification.

Materials and Methods
Materials and reagents

Analytical-grade sulfuric acid (Aldrich-Egypt), silica gel (Aldrich- 
Egypt), couplet nitrate (Aldrich- Egypt) and sodium chloride standards 
(Baker, Serbia), Rice straw from Egyptian company, NaOH (Aldrich- 
Egypt).

Characterization of adsorbent

Scanning electron microscopy (SEM) (Carl Zeiss, Germany). The 
(TEM) analysis was done using jouel2000 electron microscope at 
200  kV. Data of X-ray diffraction (XRD) were obtained by (Bruker 
AXS, Germany) (Cu kα1 radiation, λ=1.54059 Å). Studying Raman and 
Fourier-transform infrared (FTIR) spectra mode evaluated using a 
BOMEM (Hartmann & Braun) spectrometer in the transmission. KBr 
disk used to study the FTIR spectra of the samples.

Preparation of the couplet silicate nanoparticles

The couplet nanoparticles were coated with uniform silica layers 
according to Ref. [19] Method. In this respect, 4.0  g of the freshly 
prepared couplet silicate was vigorously stirred with 200 mL of ethanol 
for 30 min at 45°C, and then 40 mL water, and 4 mL (1.4 M) NaOH was 
added to the above suspension. Then the powder was separated and 
being too dry at 50°C for eight h in a vacuum oven to obtain couplet 
silicate nanoparticles.

Rice straw pretreatments

pretreatment process needed for rice straw. Cellulose solubilized 
by the dilute acid hydrolysis at 120°C for 60 min, using 1% (wt/wt) 
sulphuric acid, to face the delignification process at 120°C for 60 min 
using sodium hydroxide (1M). During the dilute acid hydrolysis, 
delignification process removed lignin and silica present in the 
pretreated rice straw into the black liquor.

Chemical exfoliation of cellulose

Five grams of cellulose were added to 5 mL concentrated sulfuric 
acid in the presence of 0.1 g silica and steered for 10 min., Then filtrated 
and washing with hot water till pH 7 and saving in oven at 40°C for 6 
hours. The prepared cellulose was poured in a flask in the presence of 
0.01 g cobalt silicate nanoparticles and heated up to 40°C for 30 min. 
The prepared carbon nanomaterial’s left to cool for 1 hour, and then 
dried in a vacuum oven for 24 hours at 50-70°C. 

Adsorption experiments

10 mL sodium ions solution added to 1 mg of activated carbon thin 
film with certain pH to study the adsorption investigations. solution 
bottles placed in a water bath, that was operated at certain temperatures 
and 2 hours [20]. An ultrasonic bath used to maintain the temperature. 
A 0.4  μm microfiltration membrane filter used to filter the aqueous 
samples and the concentrations of sodium ions infiltrate determined 
using atomic absorption spectroscopy (AAS) [21].

Effect of pH

To measure the effect of pH on Na+ absorption, the solutions pH 
values between 2.1 and 12.0 prepared using buffered using concentration 
of HCL and NaOH solutions at 35°C. The ideal pH esteem dictated 
similarly as seven to Na+, what's more, utilized all around every one of 
adsorption experiment [22].

Kinetic and isothermal study

The effect of contact time on adsorption of Na+ ions on ACTF 
studded in time range about 5-120 minute. To perform adsorption 
isotherm experiments we use different initial sodium concentrations 
of (C0). The concentrations of stock sodium solutions ranged between 
between 50 and 500 mg L-1. We study the thermodynamic adsorption 
experiments at 35, 45, and 65°C. The difference between the initial 
concentration and the equilibrium concentration used to determine 
the amount of adsorbed Na+ [23,24].

Results and Discussion
Amorphous carbon thin film characterization

FTIR analysis: FTIR analysis determines the different functional 
groups (carboxyl’s, lactones, ketone, and phenols) on the surfaces of 
Amorphous Carbon Thin Film. From the noncrystalline, amorphous 
carbon spectrum Figure 1, we found a band at 3659 cm-1 indicating 
the presence of the OH functional group, and a band at 1100 cm-1 
indicating the presence of the C=O stretching beyond. carbon shape 
in all stereochemistry has always formed poor marks in the infrared 
unless it’s chemically treated with oxidation [25]. The FTIR spectra of 
amorphous carbon resin in Figure 1 exhibited the characteristic bands at 
697, 1449 and 1491 cm-1 represent the mono-substituted aromatic ring 
of amorphous carbon. The bending vibration band of the polystyrene 
rings in the plane and appears at 1027 cm-1 [26]. Also Figure 1 has 
shown the fairly broad band at about 3460 cm-1 that assigned to the 
bending vibration of the OH group, which was probably caused by the 
drifting of its stretching, vibration toward the low frequency direction, 
under the hydrogen bond interaction between the H2O molecule and 
the oxygen atom of the amorphous carbon [27].

Raman analysis: Raman spectra of amorphous carbon thin films 
(ACTF) are given in Figure 2. The Raman spectrum of the ACTF displays 
broadened prominent G peak at 1592 cm-1 that shifted corresponding 
to the first-order scattering of the E2g mode from 1582 cm-1 [2,28]. The 
D band at 1363 cm-1 becomes sheltered, shows the reduction in the size 
of the in-plane sp2 domains, because the extensive oxidation process. 
This feature of change suggests a decrease in the average size of the sp3 
upon oxidation of the exfoliated graphite nanoparticles and the value 
of I/Io=0.333 indicate the highly succeed in the preparation of TACTF 
with a high degree of crystallinity and low defecates. 

SEM analysis: Morphological image of amorphous carbon thin 
film synthesized from rice straw studied by SEM and is shown in Figure 
3. The external surface showed the best porous structure in chemically
activated carbon by Co silicates and acid reagent as this surface was
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rich in pores, comparing with other literature the surface of the carbon 
activated physically had no porous structure except for some occasional 
cracks [29]. We found that the acidic groups that found on the surface 
of ACTF could give numerous adsorption sites and thereby increase 
ACTF adsorption capacities for Na+ ions. In addition, the morphology 

image illustrated that the ACTF adhere to each other, therefore, the 
interspaces between ACTF is significantly reduced. Based on our recent 
SEM analysis, there is the presence of inter-particle repulsions forces 
between carboxylic groups on the surface of ACTF in smaller-sized 
“globs” of ACTF that result in smaller ACTF aggregates of carboxyl-
functionalized ACTF. This feature of result shows that it possible to 
use, the functioned ACTF as adsorbents in the treatment of polluted 
water and sewer water.

TEM analysis: TEM used to study the morphology of ACTF and 
the structure of carbon materials surface, and pictures are appearing 
in Figure 4. After oxidation and amination TEM pictures of ACTF 
delegate that the surface of ACTF is not smooth, clean, and there is 
undeniable change, at first, glance structure. The commonplace width 
of ACTF was assessed to be in the scope of 40–100 nm. The ACTF 
materials fundamentally comprise of sheets because of auxiliary 
imperfections, which are relied upon to give dynamic destinations to 
adsorption. Likewise, vicinity of utilitarian gatherings at the surface of 
ACTF fundamentally affects their adsorption properties.

Effect of pH: Figure 5 shows the effect of pH on adsorption of 
Na+ on ACTF. We found that the pH of arrangement assumes is an 
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Figure 1: FTIR of amorphous carbon thin film from rice straw.
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Figure 2: Raman analysis of amorphous carbon thin film from rice straw.

Figure 3: SEM of amorphous carbon thin film from rice straw.
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imperative part on Na+ absorption attributes on ACTF. The evacuation 
of Na+ concentration was rapidly at pH 2–7, and gradually in the pH 
score of 7–11. Harmony centralizations of Na+ ionic species, at diverse 
pH, are a useful premise for the discourse of the adsorption mechanism 
[30,31]. the absorption of sodium ions become fixed when the ph more 
than 7 because the saturation at active site on the ACTF that Specific 
subtracted experimentally from all available amount of sodium ions, 
so these is the reliable values of absorbed sodium we obtained. Figure 
5 shows the significant dependence of Na+ absorption on ACTF and, 
at different pH. The competition between H+ and Na+ lead to low Na+ 
absorption at low pH. We concluded that pH higher than 3 is beneficial 
for the ionization of the acidic surface groups, such as carboxylic 
groups and others groups (pKa 3–6), that play a significant role in the 
uptake of Na+ ions.

Kinetic studies

Contact time study of the removal of sodium ions from aqueous 
solution by ACTF at pH 7 as showed that the process faster at first 60 
min for adsorption of Na+ on ACTF and that was sufficient to achieve 
the adsorption equilibrium illustrated in Figure 6.

Analyzing the regression coefficients (R2) values of the parameters 
for the pseudo-first and pseudo-second-order rate adsorption kinetic 

models were utilized in this feature of study the adsorption of sodium 
ions on ACTF. We found that the parameters of pseudo-second-
order are the best fitted to explain the data of contact time study. 
The separation of the variables of the pseudo-second-order in the 
differential form and integration are given in (Equation 1),

2

1 1
't e e

t t
q K q q

 
= +  

 
 [32]             (1), 

where qe and qt are the amounts of metal ion adsorbed (mg  g-1) at 
equilibrium and at time t, respectively. K′ [g mg-1 min-1] is the pseudo-
second-order rate constant of adsorption [33-35].

Plotting t/qt against T gives values of qe, K, and R2 (Table 1). The qe 
values (Table 1) viewing the good agreement with the results of testing 
work. The special form in the church of pseudo-second-order kinetics, 
which is common for that taken away of metals ions by carbonaceous 
materials, gives a sign of that the concentrations of both support Na+ 
and adsorbent (ACTF) are needed in the rate coming to a decision 
about the step of the adsorption process. In addition, we indicate that 
the slower absorption rates on ACTF indicate that the adsorption 
of sodium ions having a higher energetic barrier. It may be such as 
conception and/or surface complexion, are working.

Adsorption isotherms study

To describe adsorption characteristics of ACTF two adsorption 
idealized models have been used, namely, the Langmuir Eq. [2,36,37] 
and Freundlich (Equation 3), in their linearized forms:
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Figure 4: High-Resolution TEM of transparent amorphous carbon thin films.
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Figure 5: Effect of pH on adsorption of Na+ on the ACTF carbon 
nanomaterials.
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Figure 6: Effect of time on the adsorption of Na+ by ACTF [C[Na+]0=500 
mg.L−1, m/V=100 mg L−1, pH 6.2, T=25°C]. Lines: pseudo-second-order 
kinetics model.

qe [mg g−1] K′ [g mg−1 min−1] × 102 R2 SSE [%]
ACTF 105 3.066 0.9999 0.00112

Table 1: Na+ absorption on ACTF and its Kinetic parameters of the pseudo-
second-order equation.
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where Ce is the equilibrium concentration of metal ions remaining in the 
solution (Mol L-1), qe is the amount of metal ions adsorbed per weight 
unit of solid after equilibrium (Mol  g-1), qmax and b are Langmuir 
constants related to the adsorption capacity and adsorption affinity, 
respectively (38-40). b (mol-1) is a constant having a relation with to the 
heat of adsorption and the greatest point adsorption capacity qmax is the 
amount of adsorbate at complete monolayer amount covered (mol g-1). 

The adsorption capacity represented kf (mol-1 N Ln g-1) when the 
equilibrium concentration equals to one meanwhile the adsorption 
on the equilibrium concentration represents by N. Figure 7 shows The 
Freundlich and Langmuir adsorption isotherms. Table 2 listed the 
Isotherm parameters that obtained by fitting the adsorption equilibrium 
data to the isotherm models. We can be noted that the R2 values for 
the Langmuir design to be copied are lower at all temperatures than 
Freundlich, thus, give an idea of that this point of design to be copied 
better gives a detailed account of ions of substance on a body on ACTF.

We found that with increasing temperature for all made observation 
adsorbents, both Qmax and B values increase. The values of Qmax and B 
giving an idea that the high affinity of sodium ions on ACTF amount 
achieved with ACTF at increased temperatures, suggesting the possible 
use of functionalized ACTF for the be taken away of Na+ ions from 
saline water or wastewater at higher temperatures values.

Langmuir isotherm design to be copied not gives a detailed 
account of adsorption of Na+ on ACTF and the greatest amount of 
room of 135.45 Mg g-1 was got at 65°C. These results giving an idea 
of lower ordering power to do of coming after first or chief other has 
at need groups. due to the high relation of the carboxyl group with 
in connection with to metal Cation, the first adsorption step metal 
Cation/carboxylic bond is made come into existence getting mixed in 
trouble mainly first carboxy group causing a range of spatial structure 
and able to make ready adjustments of the ACTF [38-40].

Thermodynamics of adsorption processes

Enthalpy (ΔH0), The Gibbs free energy (ΔG0), and entropy (ΔS0) of 
the adsorption processes were calculated using the following equations 
[41,42]:

ln(55.5b)oG RT∆ = −    (4), 

ln(55.5b)
o oS H

R RT
∆ ∆

= −   (5),

Where T is the temperature in K and R is the universal gas constant 
(8.314 J mol-1 K-1) [43,44]. The Langmuir join of substance on a constant 
body b was formed from the isotherm experiments. ∆H0 and ∆S0 can be 
got from the slope and put a stop to of the having an effect equal to the 
input makes line pictures of in (55.5b) against T 1, separately. The join 
of substance on a body kinetics under steady-state conditions well put 
into the facts that made likely by the high R2 values of the put a value 
on thermodynamic parameters. The thermodynamic parameters study 
(Table 3) shows some information about the adsorbed substance on a 
body mechanism for the studied ACTF.

Na+ absorption on ACTF is a spontaneous process and that clear 
from the negative values of ΔG°. We detect that the ΔG° values decrease 
with increasing temperature, indicating higher spontaneity at higher 
temperatures. At higher temperatures Na+ ions are readily desolvated. 
Its diffusion through the medium and within the pores (intra-particle 
diffusion) is faster processes contributing to a higher probability of 
Na+ absorption. We found that free energy change for physisorption 
is general between -20 and 0 KJ mol-1, also, the physisorption together 
with chemisorption lay within -20 to -80 KJ mol-1, whereas, the pure 
conception have free energy change obtained in the range of -80 to 
-400 KJ mol-1 as reported by Ref. [45-47].

The worked out ∆G0, also suggest that Na+ adsorbents having the 
sorption processes under observation could be thought of application 
of both chemisorption and physisorption processes mechanism. The 
H0 positive values indicate that the Na+ adsorption process on the 
surface of ACTF is better at higher temperature operations like nuclear 
power stations and that show it’s an endothermic process, and thus 
give. Those values about endothermic of adsorption processes make 
clear to a positive entropy change gives a sign of possible adsorption. 

We found that the high connection of Na+ amount adsorbed on 
ACTF lead to positive entropy change. The positive values of ∆S° giving 
an idea that the reaction direction to more positive changes entropy 
that is of the study at balance or with structure changes. the certain and 
clear degree of orderliness could be looked on in connection with come 
at the Na+/ACTF connection, but without thought or attention of that 
overall join of substance on a body, the procedure is entropy driven. 

T [°C]
Langmuir parameters Freundlich parameters

K Qe R2 n Ln K R2

35 0.029828 109.9369 0.997741 4.181521 1.4 0.992379

45 0.00338 129.401 0.65588 0.586692 1.5 0.993225

65 0.00513 135.165 0.64046 0.839562 0.07 0.983452

Table 2: Isotherm parameters Langmuir and Freundlich for Na+ absorption on 
ACTF.

T [K] Thermodynamic parameters SSE

ΔG0 [KJ 
mol−1]

ΔH0 [KJ 
mol−1]

ΔS0 [J mol−1 
K−1] R2

ACTF
308 -12035.1 6493.16 5541.944 0.9924 0.012
318 -14071.2
338 -12264.1

Table 3: Na+ adsorption thermodynamic parameters onto ACTF.
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Figure 7:  [a] Freundlich Adsorption isotherms of Na+ on the ACTF at 35, 45, 
and 65°C. [b] Langmuir Adsorption isotherms of Na+ on the ACTF at 35, 45 and 
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Additionally, a few procedures, for example, the ion-exchange process 
could likewise bring about to positive entropy change.

Conclusions
The adsorption of Na+ on ACTF was studied, and 2 kind of testing 

facts puts showed that the adsorption relation of Na+ to ACTF have a 
high value of interest. We discovered that oxidation process increasing 
the adsorption and ion exchange properties of ACTF. In addition to, the 
change in adsorption capacities of ACTF increased with temperature. 
The overall adsorption capacity of ACTF on Na+ is 45%. the pseudo-
second-order kinetic model give the kinetic facts and parameters of the 
adsorption on the made observation ACTF, suggesting that the rate-
limiting step of the adsorption of sodium ions was chemical adsorption 
rather than physical process like diffusion. The adsorption testing 
facts of Na+ on ACTF move after the Freundlich adsorption isotherms 
needing payment to its complex and acting without conscious thought 
process and suggest that the mechanism includes both chemisorptions 
and physisorption. The operational study of suggests using of ACTF 
for the determination of monovalent cations like sodium ions in 
saline water and offer different applications as desalination and ion 
chromatography determination process.
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