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The presence of solutes in water and soil resources is one of the main
environmental problems of many societies. The purpose of this study was to
evaluate and compare the removal of sodium onto the wheat straw and rice husk
wastes nanostructured sorbents. This study was conducted in a batch experiment
scale with changes in effective factors such as pH (4.3, 5, 6, 7, and 8), contact time
(10, 30, 60, 90, 120, and 180 minutes), sorbent dosage (0.3, 0.5, 0.7, 1, 1.3, and 1.6
), and the initial concentration (5, 10, 30, 60, 90, and 120 mg/L) of sodium metal
solution were investigated. Sodium adsorption kinetics on the prepared sorbent was
examined based on isotherms of absorption equations. The results showed that the
adsorption efficiency of the sorbent studied increases the increasing in pH from 3 to
5, but that the metal ion deposited at a pH greater than 5. Increasing the contact
time increases the adsorptive efficiency. In addition, efficiency first increased and
then, decreased by increasing the amount of nanometer sorbent. Increasing the
initial concentration of sodium from 5 to 120 mg/L for the wheat straw and rice
husk wastes sorbents cause decreasing the adsorption efficiency from 85.49 to
68.07% and 89.43 to 68.2% due to lack of sufficient adsorbent higher sodium ion
content. Consequently, the adsorption capacity increased from 0.34 to 9.43 mg and
0.36 t0 9.43 mg.
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1. Introduction
Water scarcity threatens more than 88 developing countries, which include more than half of the world's

population. About 80 to 90% of the diseases and 30% of deaths in these countries are due to poor water quality.
Over the next 25 years, the number of people facing water scarcity will increase four times. Therefore, the low-
cost desalination methods of saline water and seawater will be considered. Over the past 60 years, much
attention has been devoted to desalination. Desalination is a technical tool for increasing freshwater resources,
whether in areas with limited water resources or areas with saline and brackish water sources such as
underground saline water, drainage water, and saline wastewater. According to available statistics, around
7,500 million cubic meters (MCM) of saline water is desalinized, which is about 0.2% of the world's total water
use. The exploration of freshwater from seawater has been studied by many Mediterranean and Middle Eastern
countries, but the growth of modern desalination began in 1960 by some Persian Gulf basin countries. Extensive
research has also begun to commercialize desalination practices in the United States since 1960. Sodium is one
of the mineral chemicals, which are usually found naturally and a certain level of which is necessary for the
human body. The exceeded amount of sodium is harmful to human health. One of the most important effects is
hypertension (Chaghakaboodi et al., 2021; Zeidali et al., 2021b; Haghshenas and Ghanbari, 2021; Farokhian et
al., 2021).

The Institute of Standards and Industrial Research of Iran also announced the maximum allowed amount of
sodium in drinking water as much as 200 mg/L and up to 250 mg/L is allowed in the absence of a high-quality
water resource in the region. There are various methods for removing metals from water and sewage. The
disadvantages of these methods are pre-purification for removing suspended materials, high cost, and being
time-consuming (Juang et al., 2003; Liang et al., 2020). One of the fundamental solutions to overcome the
deficiencies of conventional purification methods is the use of nanotechnology. Nanotechnology is a process
that plays a key role in preventing pollution, detecting, measuring, and purifying the pollutants. Nanoparticles,
due to their small size, high cross-sectional area, crystalline shape and unique network order, can be used to
filter, and convert pollutants into harmless and less harmful substances because of high reactivity (Samadi et al.,
2010). The smaller size of the particles of the sorbent material with nearly more spherical shape causes more
contact with the fluid phase, which increases the speed of the adsorption process (Gupta et al., 2003). Over the
past years, a large number of industrial and agricultural waste have been successfully used by various
researchers as potential absorbers for the removal of various pollutants from water and sewage (Kahrizi et al.,
2016).

Sfaksi et al., 2014 examined the removal of six volumes of chromium from water by cork waste (Sfaksi et al.,
2014). The results showed that the removal percentage depends on the contact time, particle size, temperature,
initial concentration of chromium, and pH of the system, and pH had the highest effect among all the
parameters. The maximum adsorption of chromium occurred at pH in the range of 2.5-3. El-Sadaawy and
Abdelwahab, 2014 examined the removal of nickel from aqueous solutions using the activated carbon obtained
from the African palm kernel shells (El-Sadaawy and Abdelwahab, 2014). The results showed that maximum
nickel adsorption for raw materials, type 1 carbon, and carbon type 2 at PH=7 was as much as 40.68, 49.15, and
50.68%, respectively. Tounsadi et al., 2015 investigated the removal of cadmium and cobalt from aqueous
solution by Diplotaxis and Chrysanthemums (Tounsadi et al., 2015). The effects of factors such as pH,
equilibrium time, sorbent dosage, initial concentration of metal ions, and temperature were evaluated in batch
experiments. Also, the effect of sodium, potassium, magnesium, calcium, and aluminium ions was considered
on the adsorption process. The results showed that the maximum adsorption efficiency was at pH as much as
6.5 and 7.5. Kinetic studies showed that the Kinetic model of Hou et al., was the best model for describing the
adsorption of heavy metals on the adsorbent (Hou et al., 2018). Among isotherm models, the Freundlich model
had the highest correlation with experimental data. They also stated that temperature has no significant effect
on the adsorption process. Matouq et al., 2015 investigated the removal of copper, nickel, chromium, and zinc

metals by a kind of Moringa oleifera (Drumstick tree) (Matouq et al., 2015). The effects of factors such as the
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initial concentration of metals, contact time, temperature, and sorbent dosage have been evaluated. In order to
study the adsorption process Langmuir, Freundlich, Temkin, and Dobbin isotherms models were applied.
According to the results, the Freundlich, and Temkin isotherm model were the most correlated with the
experimental data for copper and the Temkin and Dobbin isotherms models were introduced as the best model
for Chromium. The adsorption capacity for copper, nickel, and chromium ions was as much as 6.07, 5.53, and
5.497 mg/g, respectively.

In addition, the adsorption efficiency for the mentioned metals was 90, 68, and 91%, respectively. Kinetic
studies also showed that the Kinetic model of Ho et al., 2018 had the best correlation for all metals (Hou et al.,
2018). Singha and Das, 2013 evaluated the removal of copper from aqueous solution by natural agricultural
biomass (Singha and Das, 2013). They also investigated the effect of the physicochemical parameters of pH, the
initial concentration of the copper ion, contact time, sorbent dosage, and temperature. The results showed that
the optimum pH value was as much as 6. The Kinetic model of Ho et al., was the best model to describe the
adsorption process by the sorbent and Freundlich and Halsey Isotherm models had the highest consistency
with experimental data (Hou et al., 2018). Montanher et al., 2005 concluded that rice bran has high efficiency in
removing heavy metals such as divalent cadmium, copper, lead, and zinc from wastewater (Montanher et al.,
2005). The results of research carried out by Asrari et al., 2010 indicate that rice bran is a suitable sorbent for
heavy metals such as lead and zinc (Asrari et al.,, 2010). In this regard, the adsorption rate is significantly
correlated with pH, sorbent dosage, and contact time parameters. Gao et al., 2008 reported that rice bran as a
low-cost sorbent material could be used to remove the Hexavalent chromium [Cr (VI)] metal from wastewater
with a high-efficiency (Gao et al., 2008). Also, was investigated the removal of lead metal from sewage using tea
waste as a cheap sorbent. The optimal pH was in the range of 5 to 6, and 96.4% of it was eliminated. Also, the
waste of coffee in the same condition eliminated 10.5% of the lead. Experiments were carried out in 60 minutes
in a batch experiment (Bakhshi et al., 2021; Zeidali et al., 2021a).

Rice, cultivated in more than 75 countries around the world, is considered as the main food for half the
world's population. Around 80 million tons of rice husks is produced annually and about 97% of its production
comes from developing countries (Armesto et al., 2002). Wheat straw and rice husk wastes make the adsorption
process desirable due to its rich strands, protein, silica, and specific functional groups (Han et al., 2006).
Therefore, the present research aimed to evaluate the efficiency of wheat straw and rice husk Nano-structure
sorbents as waste material with features such as grain structure and water solubility in water, chemical stability,

and local access for the removal of sodium element from laboratory wastewater (Zulkali et al., 2006).

2. Material and Methods

This study has employed an experimental-applied research method in the form of batch experiments
(Discontinuous). Metal solutions with a volume of 40 ml and a concentration of 10 mg/L of sodium chloride
were prepared. The chemicals used in the research were from the German Merck Company in the laboratory
type. Diluted HCl and NaOH were used to adjust pH. All experiments were carried out at a constant

temperature and within the range of 202 °C.

2.1. Preparation and characterization of the sorbent

Rice husk was collected from rice milling factory and wheat straw was collected from agricultural farms. The
prepared waste was first washed with distilled water, dried at 70 °C for 24 h, and then, mechanically crushed
into a mixer. Finally, sieve No. 200 was used to prepare the nanometer sorbents. The morphological
characteristics of sorbents were assessed using particle size analysis (Malvern), made in Germany Scanning
Electron Microscopy (JSM-840A), made in Japan and the sorbent infrared spectrum was evaluated infrared
spectrometer (Bruker ALPHA) manufactured by Bruker Optic in Germany. AZ 86505 pH meter was used to

record the pH of the solutions and the 405 G flame photometer device made in Iran was applied to

determine the final concentration of the soluble sodium.
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The methylene blue adsorption method was used to measure the sorbent specific surface area. In order to
determine the sorbent specific surface area, 1, 5, 10, 15, and 20 mg/L of Methylene blue were prepared to plot
the calibration chart. Their concentration was measured and recorded by the flame photometer device. Then,
0.1g of sorbents was poured in 100 ml of 17.46 mg/L solution of methylene blue and placed on the shaker at
150rpm for one hour. The final concentration was measured after removing the sorbent from the solution with a
filter paper (Whatman 42), and the sorbent- specific surface area was calculated by Equation 1 (Bestani et al.,
2008).

N
Sg=b M—l\/;B OMB (1)

In which, b is the adsorption capacity obtained from the adsorption curve (mg/mg), Na is the Avogadro
number 6.02x10%3, Mws is the molecular weight of methylene blue as much as 319.85 g/mol, owms is the occupied
space by adsorbed methylene blue as much as 1.08 nm? and Sy is the sorbent specific surface area based on the
m?/g.

In order to determine the density of the studied sorbents, a certain volume of each of the sorbents was
initially weighted. Then, the samples were placed in an oven at 105 °C for 24 h to dry. The dried samples were
weighed again. The weight difference of the samples before and after drying was equal to dry weight. Finally,

the density of sorbents was determined using the following equation.

mg

o= @

Ut

In which, my is the dry weight of the sample (g), v, is the total sample volume (mm), and p is the density.
The moisture weight of the sorbents was determined using the method described in ASTM (D2867-99). In order
to determine the moisture weight of each sorbent, a certain mass of the sorbent was weighed and placed in an
oven at 105 °C for 24 h to dry the sample. After the mentioned time and cooling, the sample and the container
were weighed again. The following equation was used to determine the amount of moisture weight of the

sorbent masses:

(c-D)
(c-B)

Moistureweight% = x 100 3)

In which, B is the sampling container; C is the weight of the container and the primary sample; and D is the

weight of the container and the dried sample.

2.2. Adsorption experiments
2.2.1. Determine optimal pH

The purpose of this step of the experiment was to determine the optimal pH for the removal of sodium ions
at a concentration of 10 mg/L. The solution pH is an important parameter in the process of adsorption (Zhao et
al., 2015). Therefore, it is necessary to conduct experiments related to the effects of this parameter on the
adsorption rate before any other test. In order to determine the optimum pH of adsorption, 1 g of the sorbents
was poured into 36 falcons (for 3 replicates) and 40 ml of a metal solution was added at a concentration of 10
mg/L. The pH of the solutions was adjusted in the range of 3-8, then, they were placed on the shaker at a
controlled temperature for 2 h and 120 rpm. Then, the samples were passed through carved filter paper and the
concentration of the samples from the test was measured using a flame photometer (405 G, manufactured in
Iran). In addition to the above, pHp,. (point of zero charge) of samples was also determined. First, 40 ml of 0.1%
normal sodium chloride solution was poured into several falcons. The pH of the samples was adjusted in the
range of 10-2 using 0.1% normal hydrochloric acid (HCl) and 0.1% normal sodium hydroxide (NaOH). Then, 0.5
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g of sorbent dosage was added to each falcon and the samples were placed on the shaker at 120 rpm for 24 h.
After a period of time, the final pH of the samples was measured using a pH meter (Rivera et al., 2001; Orfao et
al., 2006).

In this study, the removal efficiency percent and adsorption capacity of sodium ions were calculated by

Equation 4 and 5, respectively:

%R = C;—Cf x 100 (4)

ci—C
g =ty ©)

In which, q is the adsorption rate of the dissolved material per unit mass of the sorbent (mg/g), C; is the
initial concentration of the soluble substance (mg/g), Cy is the concentration of the residual soluble substance

(mg/g) after the equilibrium time, m is the sorbent (g) and V is the volume of the solution (L).

2.2.2. Desorption experiments of sodium ions for the studied sorbents

The desorption experiment was carried out after adsorption tests and isolation of sorbents from the solution.
To this end, 40 ml of 0.1 normal hydrochloric acids was added to the optimal amount of sorbent and placed on
the shaker at a speed of 120 rpm (Anirudhan et al., 2007; Mohammad et al., 2010; Singha and Das, 2013). After
the time spent in the adsorption experiments (Chatterjee and Woo, 2009), the sample was centrifuged for 15
minutes at a rate of 2000 rpm to completely separate the solid phase (sorbent nanostructure particles). Then they
were passed through craved filter paper and the concentration of desorbed samples was measured using the
flame meter (model 405 G). The desorption process took place in five cycles (Anirudhan and Sreekumari, 2011).

The percentage of metal ions removed from the sorbent was calculated using the following equation:

) __ desorbed amount of solute

Desorption (% x 100 (6)

absorbed amount of solute
The numerator is the desorbed sodium ions (mg/L), and the denominator is the amount of absorbed sodium

ions (mg/L).

2.2.3. Absorption kinetics experiments

To do the absorption kinetics experiment, 0.5 g of sorbent dosage was poured in a falcon containing 40 ml of
a metal solution with 120 mg/L initial concentration and then, placed on the shaker at 120 rpm for duration of 10
to 180 minutes (Kumar and Bandyopadhyay, 2006). After mixing and isolation of solid phase from the liquid,
the sodium concentration was measured by the 405 G flame meter made in Iran, and the kinetic models of Ho et

al., Lagergren, intraparticle, power, and Elovich were used to describe the data (Hou et al., 2018).

2.2.4. Absorption isothermic experiments

To do the absorption isothermic experiment, 0.5 g of sorbent dosage was poured in a falcon containing 40 ml
of a metal solution with 5 to 120 mg/L initial concentration and then, placed on the shaker at 120 rpm. After
passing the equilibrium time, the samples were passed through the craved filter paper and the concentration of
the samples from the experiment was measured using a flame meter (Model 405 G). Then, the Freundlich,
Langmuir, Langmuir-Freundlich, Temkin, Halsey, and Dubinin-Radushkevich models were fitted on the data.
The kinetic and isotherm models used in this study are presented in Table 1 and the introduction of the

parameters of these models is given in Table 2.
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Table 1. Equation of the models used in this research.

Model Name

Nonlinear Equation

Ho et al., (kinetics) K,q %
O =—7"
© 1+qk,t
Lagergren (kinetics) g, =9, (@1—exp(-kt))
Intraparticle (kinetics) q, =k tY2 1
p
Power (kinetics) g, =at”
Elovich (kinetics)
qt = (lj In(e8)+ [EJ Int +t0
B B
F dlich (isoth
reundlich (isotherm) q, = kCe 4
Langmuir (isotherm) q. = bq,C,
° (1+bC,)
Langmuir-Freundlich (isotherm) bg C /n

Temkin (isotherm)

g = bT.LnkT + bT.LnC

Halsey (isotherm)

S OIRE

N—

Dubinin-Radushkevich (isotherm)

Lng, = Lng,, + K&?

e=RTIn(1+1/;)
e

Table 2. Parameters of the models used in this research.

Coefficients Definition

qt (mg/g) absorbed ion dosage in time t

ge (mg/g) absorbed ion dosage in equilibrium

ki (min) Fixed adsorption

k2 (g/mg/min) Absorption rate

kp (g/mg/%min) Equation constant

I Equation Intercept (dimensionless)

a (mg/g/min) The initial absorption rate

B (g/mg) Desorption constant

ab Equation constant (dimensionless)

Ce (mg/L) The concentration of the absorbed substance in equilibrium in the liquid phase
b (L/mg) energy absorption constant (L/mg)

qm (Mg/g) Maximum Balancing Capacity to complete a layer
n Sorbent Adsorption Capacity (Dimensionless)

k Sorbent Adsorption Rate (Dimensionless)

br (J/mol) The constant coefficient of adsorption heat
Kr(L/g) Temkin experimental equilibrium coefficient

nH Power coefficient (Dimensionless)

Ku Halsey constant coefficient (Dimensionless)
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2.3. Models evaluation test

The use of efficient models for the goodness of fit of the data from adsorption experiments is one of the most
important parts of studies on the adsorption and purification of wastewater. Hence, the use of evaluation
methods for these models is very important. There are different RMSE, R?, MBE, and Ferror to evaluate the
models, which have been used in various resources (Gimbert et al., 2008).

To evaluate the models used in this research, RMSE (Root Mean Square Error), and R (Coefficient of
determination) were used. The lower value of RMSE indicates that the fitted values are closer to the actual

values, the R? value is close to one, represents the high correlation between the fitted values and the obtained

values.

RMSE = @)
2

R2 = N (gc-qem)(ge—qem) ®)

JZ?’_l(qc—qcm)Z\/Z?’_l(qe—qem)z

In which, g, is the value obtained from the goodness of fit of the mode, g. is the value obtained from the
experiment; gen is the mean of the fitted model, gen is the mean of the obtained result from the experiment, n is

the number of components of the experiment.

3. Results and discussion
3.1. Characterization of sorbent

The results of the particle size analysis (PSA) of the Nanoparticle of the studied sorbent showed that 100% of
wheat straw and rice husk wastes were in the range of nanostructures with a diameter of less than 110 and 11.68
nm, respectively Fig. 1. The specific surface area of sorbents was determined using the methylene blue
adsorption method as much as 170.75 and 181.8 m?/g. Table 3 shows the results of the characteristics of the
studied sorbents. The SEM images shown in Fig. 2 show that the wheat straw and rice husk wastes have a
complex, dense, rugged, and irregular structure, and deep ridges in the sorbents indicate an increase in the
specific surface area and the heterogeneous energy distribution on the adsorbent. The results of ultraviolet
fluorescence spectroscopy show the presence of potassium, calcium, silicon, copper, and zinc in the wheat straw
and potassium, silicon, copper, and zinc in the rice husk wastes (Fig. 3). For both sorbents, the silicon element
has the highest frequency. Since the studied sorbents do not have a gold element, the gold element in the
analysis is related to the gold coating on the samples. FTIR was used to determine the functional groups in each

sorbent.

Table 3. Physical properties of the studied sorbent.

Sorbent type Specific surface Solubility in water =~ Apparent specific Moisture

(Nanostructure) area (Percentage) weight (Percentage)
(m?/g) (g/cm)

Wheat Straw 170.75 11.33 0.12 4.768

Rice Husk 181.83 9.67 0.238 4.996
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Fig. 1. Distribution of particle size of nanostructured sorbent, A) wheat straw, B) rice husk.
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Fig. 2. The SEM image of powdered, A) wheat straw, B) rice husk.
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Fig. 3. X-ray diffraction pattern of powdered, A) wheat straw, B) rice husk.
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Fig. 4 is related to the IR spectrum of the studied sorbents before adsorption. The linked vibrating
frequencies for wheat straw are the wavelength peak as much as 3405.89 cm? corresponded to the symmetrical
tensile vibrations of hydrogen OH...OH bonds, the wave frequency of 2921.41 cm? related to the tensile C-H
bond, the wavelength of 1731.75-1628.99 cm? corresponds to the tensile C=O bond and the adsorption peak of
1053.53 cm? for the C-O bond. The frequencies for the rice husk are the wavelength of 3388.03 cm? related to the
average absorption of symmetrical tensile vibrations of OH...OH bonds, the frequency peak of 2925.70 cm?
related to the tensile vibrations of the C-H bond (alkaline group), the wavelength 1655.58/cm for tensile
vibrations of the C=0O bond (ester and amide group), and adsorption peak of 1055.93 cm? related to the C-O
bond (esters group).
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Fig. 4. FTIR spectrum of powdered, A) wheat straw, B) rice husk.

§4

3.2. Effect of various parameters
3.2.1. Effect of pH

The results of the effect of the initial pH of the solution on the adsorption of sodium ions by the studied
sorbents are shown in Fig. 5. According to Fig. 5, the sodium absorption efficiency by sorbents has shown a
steady and gradual increase with increasing the pH. The minimum absorption efficiency for wheat straw and
rice husks were 79.5 and 84.23%, respectively at pH=3. With increasing pH, the adsorption efficiency of sodium
increased to its maximum value i.e. 88.89 and 91.70%, respectively at pH=5. Then, the absorption efficiency
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remained almost constant at higher pHs. Therefore, pH=5 was chosen as the optimum pH for sodium removal
by Nano-sorbent. There are several reasons for increasing the absorption of sodium ions by the studied Nano-
sorbents with increasing pH. One of them is that the adsorbent includes a large number of powered sites. At
low pHs, the sorbent has a positive charge, so the competition between H+ and metal ions increases for
adsorption sites, but this competition is reduced with increasing pH because these powered surfaces have

negative charges. Thus, positive metal ions are absorbed by electrostatic forces.

Bwheat straw  Nrice husk

/LD

Removal e ffeciency %

/11777777

Fig. 5. Effect of pH on the removal of sodium by powdered adsorbents (sodium concentration: 10 mg/L,

contact time: 120 min, sorbent dosage: 1 g and temperature: 202 °C).

3.2.2.1. The point zero charge determination

The pHp,. of samples were also calculated in the range of pH=2-10, which are shown in Fig. 6. It is shown
that the adsorbent has a combination of positive and neutral locations on the acidic side of pzc and a
combination of negative and neutral locations on the alkaline side. Serencam et al., (2013) stated that if pH>
pHp,c, the sorbent level has a negative charge, pH<pHpzc, the sorbent level has a positive charge, and if
pH=pH,,., the adsorbent is neutral (Serencam et al., 2013). The pH,. value for wheat straw and rice husk
sorbents was 5.25 and 5.4, respectively. Since the optimum pH obtained from the test is less than the pH value
was at the point of zero charge. Thus, the studied adsorbent has a positive charge. Consequently, the most
adsorption of metal ions occurs on the adsorbents by non-electrostatic interactions such as chemical adsorption
and deposition (Mahdavi et al., 2015).

—&— wheat straw —— rice husk

pH;- pHg

11
-1

2

-3

PH;

Fig. 6. pHp,. point of zero charge for the studied sorbents.
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3.2.3. Effect of adsorbent dosage

Fig. 7 shows the effect of sorbent on sodium adsorption by straw wheat and rice husk sorbents. As can be
observed the sodium adsorption efficiency increased from 78.64 to 90.43% and 80.94 to 90.37% by increasing the
sorbent dosage from 0.3 to 0.5 g, but no significant difference was observed in the absorption efficiency in more
sorbent dosages because the specific surface area of nanoparticles is high. Therefore, they are highly reactive
and react with each other by increasing the sorbent dosage in the solution instead of adsorbing the elements and
come in the form of a hunch. Therefore, the absorption efficiency of sodium ion is constant by nanoparticles.
Generally, the increase of removal efficiency enhances by increasing the sorbent mass due to the increase of the
specific surface area and adsorption sites (Barka et al., 2008). Therefore, 0.5 g was chosen as the optimum mass

for sodium removal.
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Fig. 7. Effect of sorbent mass on the removal of sodium by powdered adsorbents (sodium concentration: 10

mg/L, contact time: 30 min, pH: 5 and temperature: 20+2 °C).

3.2.4. Effect of contact time

The effect of equilibrium time on the sodium adsorption by the Nano-sorbents was investigated after
determining the optimal pH. At this stage, 0.5 g of the sorbent dosage and pH=5 were considered as constant
parameters and the contact time was changed from 10 to 180 min for various concentrations. Fig. 8 shows the
variations of the efficiency and adsorption capacity of sodium ions at different times by Nano-sorbents.
According to the figure, the sodium adsorption rate by the studied Nano-sorbents was very high for all
concentrations at the initial times so that more than 55% sodium was removed from the solution for different
concentrations in the first 10 min. The results showed that the efficiency and adsorption capacity increased over
time, but the adsorption rate decreased. After 30 min of contact time, the efficiency and adsorption capacity
reached their maximum at all concentrations and then, the adsorption rate remained almost constant. The cause
of this phenomenon can be due to the completion of the adsorption capacity of the studied sorbent. With
sorbent saturation, the sodium absorption rate from the solution decreased and the two solid and liquid phases
reached almost an equilibrium state. The sodium adsorption to adsorbent rate and the ion return rate from the
adsorbent to the solution are equal. Therefore, the adsorption equilibrium time for sodium removal by both

Nano-sorbent was 30 min.

3.2.5. Effect of initial concentration
The effect of the initial concentration of sodium ions on the adsorption efficiency by the Nano-sorbents is
shown in Fig. 8. According to the figure, the removal percentage had a descending trend and the adsorption

capacity had an Ascending trend with an increase in the initial concentration of sodium from 5 to 120 mg/L at
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different times. At the low initial concentrations of the solution, the surface and availability to adsorbed sites are
high, and as a result, metal ions are easily absorbed. At the high initial concentrations, the available adsorption

sites are more limited and this reduces the percentage of adsorption of metal ions (Kahrizi et al., 2016).
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Fig. 8. Effect of contact time and initial concentration on Sodium removal (temperature, 20+2 °C, sorbent
dosage, 0.5 g, and pH 5; A & B).

3.2.6. Investigation of adsorption-desorption reactions of the studied sorbents

The desorption percentage is to indicate the removal degree of the adsorbing substance from the sorbent.
Regarding the optimal conditions obtained from adsorption experiments (sodium ions concentration, 10 mg/L,
sorbent dosage, 0.5 g, contact time, 30 min, and pH=5), the desorption experiments were performed using 0.1%
normal hydrochloric acid (Boparai et al., 2011; Zhang et al., 2010). The adsorption-desorption results of sodium
ions using 0.1% normal hydrochloric acid are presented in five consecutive cycles in Fig. 9. According to the
figure, the maximum adsorption efficiency of sodium ions for wheat straw and rice husk sorbents (89.89 and
92.19%, respectively) and the maximum desorption efficiency of sodium ions (37.16 and 39.63%, respectively)
occurred in the first cycle and the 0.1% normal hydrochloric acid had a relatively low desorption capacity. The
desorption efficiency decreased with increasing the desorption cycles so that the adsorption efficiency (52.38
and 59.12%, respectively) and the desorption efficiency (0.529 and 0.49%, respectively) of sodium ions for the

studied sorbents reached the minimum at the fifth cycle. Comparing the sodium ion desorption percentage for
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the studied sorbents in each of the five cycles showed that these sorbents are not recyclable and reusable and

economically affordable.

Erice husk sorption @rice husk desorption
100 - wheat straw sorption #wheat straw desorption

Removal effeciency %

sorption - desorption cycle

Fig. 9. The results of sodium ion desorption by the studied sorbents.

3.2.7. Adsorption kinetics

Important studies in the adsorption process are investigating the effect of contact time with the adsorption
rate, which is known as kinetic studies. Fig. 8 shows the changes in the adsorption efficiency of sodium with
time by the studied sorbents. As observed, the adsorption rate increases very much for both sorbents by
increasing the contact time from zero to 30 minutes and then, decreased to a constant value after the desired
time. Fig. 10 shows the goodness of fit of the kinetic models to the sodium adsorption laboratory data by the
studied Nano-sorbents. Table 4 also shows the results of the goodness of fit of kinetic models. According to the
table, the Lagergren model had the highest RMSE and Ho et al. model had the least RMSE among the studied
models for both sorbents, and the highest R2 was more consistent with the adsorption data. The calculated
adsorption capacity of sodium ion in the Lagergren model was less than the adsorption capacity of the data
obtained from the experiment for the sorbent. The calculated adsorption capacity in Ho et al. model was more
than the adsorption capacity of the data obtained from the experiment. Similar results were obtained for the
adsorption of cadmium and cobalt by Diplotaxis and Chrysanthemums (Tounsadi et al., 2015); adsorption of
copper, nickel, chromium, and zinc ions by a kind of Moringa oleifera (Drumstick tree) (Matouq et al., 2015); the
adsorption of lead, copper, silver, and cadmium by polyacrylonitrile (Zhao et al., 2015); the adsorption of

cadmium and mercury by modified nanoparticles of agricultural residues (Omorogie et al., 2014).

rice husk
12 4 obs Pore Deffusion
— Pseudo-first-order kinetic — Pseudo- second-order kinetic
Elovich equation Power equation
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Fig. 10. The goodness of fit of the sodium adsorption kinetic models by the studied sorbents (A & B).

Table 4. Parameters of sodium adsorption kinetic models by rice husk sorbent.

Model Name Parameter Wheat straw Rice husk
K 0.017 0.018
Pseudo-first-order kinetic qe (mg/g) 1.30 098
R2 0.55 0.58
RMSE 8.15 8.27
K2 0.08 0.05
o ge (mg/g) 943 249
Pseudo- second-order kinetic R 0.89 0.89
RMSE 0.63 0.69
A 5.96 5.33
. B 0.098 0.123
Power equation R2 0.59 0.59
RMSE 0.63 0.75
C 7.38 6.98
- Je 0.19 0.22
Pore Diffusion R2 0.43 0.44
RMSE 0.72 0.85
A 24.83 7.56
| . B 0.85 0.71
Elovich equation R2 047 0.48
RMSE 0.70 0.83

3.2.8. Adsorption isotherms

Investigating the adsorption isotherm models shows the equilibrium correlation between the adsorbed
substance in the adsorbent and the concentration of residual adsorption substance in the solution. Fig. 11 shows
the isotherm models of sodium adsorption by the studied sorbents. In addition, the results of the goodness of fit
of the models are given in Table 5. As can be observed, all models explain the data well except the two models
of Temkin and Dubinin-Radushkevich at a confidence level of more than 95%. The RL index, which is used to

assess the usability of the Langmuir Equation, is as follows.
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Table 5. Parameters of sodium adsorption isotherm models by the studied sorbents.

)

Model Name Parameter Wheat straw Rice husk
K 0.11 0.113
1. 1.
Freundlich N b o
R2 0.99 0.99
RMSE 0.23 0.31
b 0.002 0.002
m 48.08 52.08
Langmuir 9
R2 0.97 0.97
RMSE 0.31 0.36
b 0.002 0.002
0.91 0.90
Langmuir - Freundlich n
R2 0.97 0.97
RMSE 0.47 0.38
br 2.58 2.55
. Kr 0.16 0.17
Temkin
R2 0.86 0.86
RMSE 1.21 1.21
nH 1.09 1.09
Ku 0.092 0.094
Halsey
R2 0.97 0.97
RMSE 0.28 0.36
K -105 -105
Dubinin-Radushkevich qm 4.80 4.97
R2 0.47 0.50
RMSE 2.38 2.32
sice husk
10 7 [==30bs
—— Langmuir
——— Freundlich
Langmuir - Freundlich
—— Temkin
— Halsey
—— Dabinin Radshkevich

qe (mglg)
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Fig. 11. The goodness of fit of the sodium adsorption isotherm models by the studied Nano-sorbents (A & B).

In which, CO is the initial concentration of the solution and b is the Langmuir constant. If R; < 1, then the
model is inappropriate, if R, =1, then the linear state is appropriate if 0 <R, <1, then the model is
appropriate, and if R, = 0, the model is inefficient. In this research, the R; value for the wheat straw and rice
husk was 0.81 and 0.83 (for the concentration of 120 mg/L), which shows that the Langmuir model has a good

efficiency for the studied sorbents.

4. Conclusion

pH is one of the factors that greatly affect the adsorption efficiency, and the pH adjustment of the
environments contaminated with metal cations is very important. Therefore, it is necessary to conduct the
experiments related to the effect of this parameter on the adsorption rate before any other experiment (Afkhami
et al., 2010). The results indicate that increasing the acidity of the dummy solution for both sorbents caused an
ascending trend for the ion adsorption percentage, which reaches its maximum at pH=5. At pH higher than 5,
sodium is deposited and the metal concentration reduction in the dummy solution is not due to its adsorption
by the sorbent, but it is deposited due to increasing the pH of the environment and the increase in the
concentration of hydrogen ions. Increasing the initial concentration of the solution from 5 to 120 mg/L resulted
in a decrease in the adsorption of the metal in the solution by the studied sorbents, which can be attributed to
the saturation of the sorbent particles. According to the results, the saturation capacity of wheat straw and rice
husk sorbents in the concentration of 10 mg/L was 90.43 and 90.37 mg/g, indicating the high saturation capacity
of the sorbents. The reaction rate was also very high, and 50% of the total amount of adsorption was done in the
same minutes on average so that 55-77% of sodium was adsorbed after 10 min from the reaction at various
concentrations. Of course, the initial adsorption depends on the type of sorbent. In the kinetic equations, the
changes in concentration of the adsorbed substrate (qt) are shown with time.

According to Tables 4 and 5, Hou et al., model for the wheat straw and rice husk sorbents (RMSE=0.63,
R?=0.89) and (RMSE=0.69, R?=0.89) and Freundlich isotherm for both sorbents with the highest R? (0.99) and the
lowest RMSE (0.23 and 0.31, respectively) had better goodness of fit on the experimental data among the
studied kinetic and isotherm models (Hou et al., 2018). The adsorption utility index (n in the Freundlich model)
was as much as 1.09 for both sorbents, which indicates the desirability of adsorption because n should have
values in the range of 1 to 10 to be considered as desirable adsorption. In the Elovich model, « represents the
initial adsorption rate. The higher the amount of «, the greater the initial adsorption rate. Kzqe? value in Ho et al.
model represents the initial adsorption rate, and the adsorption of the pollutant by the sorbent is done more

quickly in the higher rates. According to Table 3, the K:qe? value increased with the increasing initial
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concentration of sodium ions (its maximum value for wheat straw and rice husk was as much as 7.11 and 4.59
min), which is probably because the thrust force has been increased for mass transfer by increasing the initial
concentration of sodium ions.

The results of the goodness of fit of the kinetic models of Ho et al. and Lagergren on the experimental data
showed that both nanostructured sorbents had a high adsorption capacity in removing sodium ions. The initial
adsorption rate was determined using the Elovich and power model, which indicated the high initial adsorption
rate of the sorbents. In addition, the effect of intraparticle diffusion in the initial stages of adsorption was
investigated using the intraparticle diffusion equations. The results of the intraparticle diffusion model showed

that this model did not determine the initial adsorption rate of sodium ions by the studied sorbents.
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