Journal of
the Serbian
T Chemical Society

no@tme
o

\\Wea
Ry -m"\}ﬂ@ ISCS@tmf.bg.ac.rs « www.shd.org.rs/ISCS
J. Serb. Chem. Soc. 89 (0) 1-15 (2024) Original scientific paper
JSCS-12633 Published 9 Nov 2024

Preparation, characterization and evaluation of nano manganese
dioxide coated on alumina as a new adsorbent for the effective
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Abstract: An effective sorbent nano manganese dioxide coated on alumina
(NMO/AI) nanocomposite, as an economical adsorbent, was prepared in the
present study. To this end, morphological, chemical, and surface characteristics
of NMO/AIl were determined through various techniques. The NMO/Al
nanocomposite could be thus separated effortlessly from water samples using a
filter paper and then, the removal of phenol from the wastewater samples was
evaluated. Accordingly, various empirical parameters affecting this removal
including pH, ionic strength, time, temperature, and phenol concentration were
examined. In order to investigate the adsorption equilibrium, Langmuir,
Freundlich, and Temkin equations were utilized. The Langmuir adsorption
model had a higher correlation coefficient (R?) indicating better fit to the
adsorption characteristics. Various kinetic models were employed to evaluate the
adsorption kinetics of phenol on the NMO/AI nanocomposite. Based on the
results, the Elovich model exhibited the best fit with a sorption capacity of 21.34
mg g !. Additionally, the adsorbed phenol was desorbed from the NMO/Al
surface by using ethanol with high efficiency, and then the NMO/Al
nanocomposite was used again to remove phenol. The results showed that the
NMO/Al nanocomposite could be reused for more than five cycles. Based on the
findings, the phenol adsorption process from wastewater using NMO/AI
nanocomposite is considered an efficient adsorption approach in a large-scale
adsorption system.
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INTRODUCTION

With the growing pace of industrial development, pollution of water resources
has become significantly hazardous throughout the world. There are various
applications for phenol, such as in medicine, pesticides, explosives, garments,
petrochemicals, and other fields. However, the usage of phenol generates a
significant amount of toxic, carcinogenic, and difficult-to-degrade phenol
wastewater, which has severe consequences for human health and the
environment. Indeed, the treatment of phenol wastewater is of paramount
importance.! The United States Environmental Protection Agency has classified
phenol as a critical pollutant due to its high toxicity and its widespread
contamination of water resources.2 Long-term exposure to phenol can have
adverse effects on human organs, including the possibility of causing cancer. As a
result, the recommended discharge limit for phenol in surface water is less than
1 pg L-1.3 Therefore, the treatment of phenol wastewater is an urgent and critical
issue.# To address this issue, various physical, chemical, and biological processes
have been employed for the removal and/or recovery of phenol. Some of these
processes include biosorption, electro-fenton, extraction with solvent,
electrodialysis, degradation, biodegradation, membrane methods, and sorption.t-
10 But most of the mentioned techniques are relatively expensive or had been
reported costly in treating secondary toxic sludge. Compared to other processes,
absorption is still economically the most profitable method due to its advantages
such as simple design, ease of adsorbent regeneration, adsorption capacity, and
minimum capital investment requirements.

Different adsorbents such as organic framework,? activated persulfate, !4
bimetallic/carbon  nanocomposite,> ZnO nanoparticles,® nanocomposites,’
Granulated cork,®8 modified SiO,,° magnetic activated carbon-cobalt
nanoparticles,!0 non-living Phanerochaete,!!  kaolin/y-Fe;03,!2  magnetic
diatomite!3 and so on were used for removal of phenol. Alumina (Al,O3) is a
suitable adsorbent material for treatment of effluents due to its good porosity, and
thermal stability, that making it an economical alternative.!4 Moreover, alumina is
naturally available and can be easily obtained through chemical reaction from
AI(OH)3. To further improve its adsorption efficiency, alumina can be modified
through physical or chemical treatment, which increases the density of active sites
on its surface. While alumina is a sorbent with many benefits, it can be further
improved for enhanced adsorption potential toward organic molecules by
modifying it with metals, metal oxides, or other substances. Additionally, due to
Lewis acid and base groups on the surface of Al,Os3, strong interactions between
the surface of alumina and metal oxides have been formed and therefore the
absorption and catalytic properties of alumina was improved.!5 Previously,
manganese dioxide coated on alumina was used to remove arsenic and fluoride
ions from water samples, but based on our knowledge this adsorbent has not been
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used to remove the phenol and in addition, the method of coating manganese
dioxide on alumina in the present work is different from the method of the previous
works.16:17

In the present study, nano manganese dioxide coated on alumina
nanocomposite (NMO/AI) with high absorption capacity was successfully
prepared. The NMO/AI nanocomposite was employed for the removal of phenol
under various experimental conditions. Furthermore, the impacts of initial
adsorbate concentration, contact time, pH, and sorbent capacity on the phenol
removal were assessed.

EXPERIMENTAL
Reagents and equipment

Phenol was obtained from Merck, Germany (Darmstadt) and was used to prepare a 1000.0
mg L' solution in DIW (deionized water). Al,O3 (0.063-0.2 mm) (Merck) was used for the
preparation of NMO/Al nanocomposite. The absorbance of phenol was measured using a Varian
Cary 50 Scan UV-Visible (UV-Vis) spectrophotometer with quartz cells. Phenol absorbance
values were measured at 270 nm, which is the wavelength of maximum absorbance. pH was
measured by Metrohm pH-meter (Model 713) with a combined glass electrode (Metrohm). The
solutions were agitated by IKA stirrer model KS (Staufen; Germany). After adsorbing of phenol
from sample solution, the NMO/Al was recovered by a filter paper.

X-ray diffraction (XRD) was performed using a Bruker D§ ADVANCE diffractometer
with copper/K-alpha (Cu/Ka) radiation. The microstructure of NMO/Al was observed using a
scanning electron microscope (SEM; Cam Scan MV2300; Cambridge; UK). X-ray
photoelectron spectroscopy (XPS) was conducted using an AXIS-Ultra device from Kratos
Analytical Ltd. with monochromatic aluminum (Al)/Ka radiation (225 W; 15 mA; 15 kV).
Fourier transform infrared (FT-IR) spectra were recorded using a Brucker Tensor 27
spectrometer with the KBr wafer technique.

Preparation of NMO/AI

Manganese dioxide was precipitated onto alumina in an aqueous solution through a
reductive reaction, as shown in Eq. 1:18

2KMnOy + 8HCI — 2MnO, + 2KCl + 3Cl, + 4H,0 (1)

To perform this reaction, 4.0 g of potassium permanganate was added to 50 mL of
deionized water containing 4.0 g of alumina. Then, 8 mL of concentrated HCIl was added
dropwise to the mixture while continuously stirring and heating it on a hot plate at 90 °C. The
stirring and heating process were continued for 1 hour. The coated alumina was then filtered,
washed with boiling water, dried in an oven at 80 °C for 6 hours, and stored in a bottle for later
use.

Phenol removal method

To evaluate the ability of NMO/AI nanocomposite for phenol removal, the tests were done
in a batch method at 25 °C and to increase the accuracy of each test, it was repeated 3 times. To
determine the highest yield of NMO/AIl nanocomposite for phenol removal, the effective
parameters on the phenol removal such as contact time, solution temperature, solution pH, ionic
strength and phenol concentration were assessed and optimized.



MOHAMMADI et al.

For this assesses, 0.05 g of NMO/AI was added to a solution containing phenol. The
Erlenmeyer flasks were agitated (340 rpm) using an IKA stirrer model KS for a certain period
of time. After agitation, filter paper was used to separate the NMO/Al from the solution, and
then the absorbance of the solution under the filter was measured using an UV-Vis (270 nm).

For assesses of the initial concentration of phenol onto phenol removal, the concentration
range of 50 to 150 mg L' at pH 7 was assessed. For this purpose, a concentration of 50 mg L~
I was used to examine the adsorption under other conditions.

The effect of solution pH on the phenol removal was examined over a pH range of 2 to 9.
Furthermore, adsorption thermodynamic was assessed at various temperatures (275-309 K).
Various concentrations of sodium chloride (NaCl solution) (ranging from 0 to 0.5 mol L") were
assessed to investigate the salting effect on the phenol removal. It should be noted that, the
percentage removal (Re%) was calculated using Eq. 2.

Re% = =% x 100 )
0

where Co (mg L") refers to the initial concentration and C,(mg/L) refers to the amount of
phenol at time t.

The amount of phenol adsorbed by the NMO/Al nanocomposite after time t (g, mg g1
was calculated using Eq. 3:

_ (o -cCyVv
g = L=t 3)
where Cy and C, have the same definitions as before, V(L) refers to the volume of solution,
and W(g) refers to the mass of the adsorbent.

Assesses of desorption

Similar to the adsorption tests, NMO/AI (0.05 g) was added to a phenol solution (50 mg
L-1) with a contact time of 60 minutes at 298 K. After this, filter paper was used to separate the
NMOY/ALI loaded with phenol from the solution, and in the following, DIW used to wash and
remove any unabsorbed traces of phenol.

The consumed NMO/Al nanocomposite, that saturated with phenol, was regenerated using
ethanol (10 mL) that added to the phenol- saturated NMO/ALI and stirred for 30 minutes at 298
K and 340 rpm. Once desorption was completed, the adsorbent was separated, washed with
DIW and for the next use, placed in an oven with a temperature of 378 K to dry. To assess the
reusability of the NMO/AL, the absorption and desorption process was repeated 5 times.

RESULTS AND DISCUSSION
NMOV/AI characterization

The functional groups on the surfaces of alumina and NMO/Al were assessed
by FT-IR spectroscopy. FT-IR spectra (shown in Fig. 1a) were recorded using the
KBr wafer technique over a range of 400-4000 cm~1. To prepare the wafers, a
mixture of 1 mg of the sample and 100 mg of KBr was used.

The absorption bands observed at 3447 and 1617 cm™! in the FT-IR spectra
are attributed to the stretching and bending vibrations of adsorbed water molecules
(v(OH)), respectively. The broad peak at 811 cm™! is caused by the Al-O
vibration.!® The appearance of new bands at 458, 517, and 711 cm™! can be
attributed to the Mn-O vibration, which makes the NMO/Al nanocomposite
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spectrum different from the alumina spectrum. Therefore, the presence of MnO,
on the surface of alumina was confirmed.

The crystalline structure of the NMO/Al nanocomposite was characterized by
XRD analysis (as shown in Fig. 1b). The diffraction peaks present at 26 values of
32.5°,37.6°,39.6°,45.9°,61.1°, and 67.1°, could be related to crystal plates (220),
(311), (222), (400), (511), and (440), respectively. These peaks suggest the cubic
structure of y-AlpO3 (JCPDS Card no. 01-1303). The calculations made using the
Debye- Scherrer equation showed the size of the y-Al,O3 to be 27 nm.
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Fig. 1. (a) FT-IR spectra of Al,05 and NMO/AL, (b) XRD of NMO/Al, (c) XPS of NMO/Al
and (d) SEM of NMO/AL.

Furthermore, as shown in Fig. 1b, the diffraction peaks present at 20 values of
12.9°, 18.3°, 28.8°, 37.7°, 42.1°, 49.9°, 56.44°, 60.26°, 69.7°, 71.3°, and 73.7°,
could be related to crystal plates (110), (200), (310), (211), (301), (411), (600),
(521), (541), (222), and (730), respectively. With respect to these results, the
successful synthesis of tetragonal crystalline a-MnO, was confirmed (standard
card JSPDF 44-0141).20

Also, X-ray photoelectron spectroscopy (XPS) was used to determine the
chemical compositions of the NMO/AI nanocomposite. The presence of Al, Mn,
and O elements in the NMO/AI nanocomposite was confirmed by using XPS of
NMO/ALI (Fig. 1c). Quantitative data analysis of the XPS spectra yielded weight
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ratio of 21.96% for Al, 22.81% for Mn, and 55.23% for O in the NMO/Al
nanocomposite.

The morphological features of the NMO/Al nanocomposite showed in Fig. 1d.
The SEM images of NMO/AI reveal that it has a spherical shape. The porous
microstructure of NMO/AI suggests that it has a large surface area, therefore, it
has a good potential to be used as an adsorbent with a high adsorption capacity of
pollutants.
The effect of pH

A very important factor in the adsorption process is the pH of the solution
because the functional groups on the surface of the adsorbent as well as the
chemical structure of the phenol molecule could be affected by pH of solution.2!1,22
So, the effect of pH on the removal percentage (Re%) of phenol was evaluated in
this study over a pH range of 2-9 (Fig. 2a). The results showed that the maximum
sorption of phenol occurred in the pH range of 7-9.
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Fig. 2. (a) The impact of pH on the adsorption of phenol onto the NMO/AI. Conditions: 25
mL phenol 50.0 mg/L. Agitation time: 60 minutes. Agitation velocity: 340 rpm. NMO/AI,
0.05 g and (b) The impact of contact time on the adsorption of phenol onto the NMO/AL.
Conditions have been similar to Fig. 2(a) except to the agitating time.

The acid dissociation constant (pKa) value for phenol was 9.89; therefore, at
pHs less than pKa, phenol molecules exist in non-dissociated state, and the reason
for phenol adsorption can be attributed to n-n dispersion interaction, physical
adsorption, hydrogen bonding, and hydrophobic interaction.23 With respect to the
obtained results, other experiments for removal of phenol were done at pH 7.

The assesses of contact time and initial concentrations

The impacts of initial concentration and contact time on the Re% of phenol
could be showed in Fig. 3 and Fig. 2b, respectively.

According to Fig. 2b, the phenol adsorption enhances quickly in the early 30
min and reaches balance at 60 min. With the start of the adsorption process, phenol
molecules gradually occupy the active sites on the NMO/AI surface, in the next
step, phenol molecules must be transferred from the bulk solution to the active sites
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on the surface of the NMO/AI nanocomposite. This gradual diffusion would
decline the sorption level of phenol after 30 min.
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Fig. 3. (a) The impact of initial concentrations of phenol, (b) Langmuir, (¢) Freundlich and (d)
Temkin adsorption isotherms to adsorb phenol onto the NMO/AI at room temperatures.

Various initial concentrations of phenol (50, 75, 100, 125 and 150 mg L-1)
were also used to examine the impact of initial concentration of phenol on
adsorption by the NMO/AI. According to Fig. 3a, adsorption capacity of phenol
by the NMO/AI enhances when initial concentration of phenol increases. By
increasing the initial concentration of phenol, the concentration gradient increases
and acts as a driving force and as a result causes more absorption of phenol.22
Clearly, adsorption procedure largely depends on contact time and initial
concentration of phenol. Therefore, a contact time (60 minutes) and a Cq (50 mg
L-1) can be chosen for other experiments.

Adsorption isotherm

To explain the adsorption capacities of phenol on the NMO/AI, the
equilibrium experimental data was analyzed to assess the fitness of the data to the
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Langmuir, Freundlich, and Temkin isotherm models. The non-linear Langmuir
isotherm model (Eq. 4) is given below:24
QoKCe
e = (1+K,Co) 4)

In Eq. 4, the equilibrium concentration of phenol (mg L-!) has been denoted
to Ce, the adsorbed phenol (mg g!) in the equilibrium time has been denoted to
de, the monolayer adsorption capacity of NMO/AI nanocomposite has been
denoted to Qg (mg g!) and the Langmuir constant has been denoted to Ky (L
mg-1).

The Langmuir model assumes that adsorption occurs on a homogeneous
surface with a finite number of identical sites, and the adsorption of one molecule
does not affect the adsorption of another. Using the linear form of Langmuir
isotherm model (Eq. 5), we can obtain the Langmuir isotherm variables.24

Ce 1 Ce
de QoKL = Qo )

The plot of C¢/qe versus C, is a straight line with a slope of 1/Qg and an
intercept of 1/QoKy.. The values of Qg and Ky, can be obtained from the slope and
intercept of the linear plot, respectively (as shown in Fig. 3b).

According to Table I, the Langmuir isotherm parameters Qg and Kj were
determined to be 53.2 mg/g and 0.034 L mg!, respectively, with a correlation
coefficient (R) value of 0.9991. The highest monolayer adsorption capacity for
phenol onto the NMO/AI at 298 K was found to be 53.2 mg g~!. This suggests that
the NMO/AI has a good adsorption capacity for removing phenol from the aqueous
solutions.

TABLE 1. The isotherm constants to adsorb phenol onto the surface of NMO/AL.

Isotherm models constants Value
Q(mggh 532
Langmuir Ky (Lgh 0.33
R2 0.9983
Ke(mg g™ 22.29
Freundlich 1/n 0.222
R2 0.9844
K, (L/mol) 3.37
Temkin B 17.81
R2 0.9888

The Freundlich isotherm is another empirical equation used to describe
adsorption on a heterogeneous surface. It assumes that the adsorption occurs at
sites with different adsorption energies, and the amount of adsorbate adsorbed
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increases with increasing concentration. The linearized form of the Freundlich
isotherm equation is given by Eq. 6:25

logq. = log Kr+ % log C, (6)

where q is the amount of adsorbed phenol at equilibrium (mg g1), C, is the
equilibrium concentration of phenol (mg L), Kris the Freundlich constant related
to the adsorption capacity (mg g~!)*(L mg~1)(I/n)_ and n is the Freundlich exponent
related to the intensity of adsorption.

The plot of log (qe) versus log (Ce) is a straight line with a slope of 1/n and an
intercept of log(Ky). The values of n and K¢ can be obtained from the slope and
intercept of the linear plot, respectively (as shown in Fig. 3c).

Table I presents the Freundlich isotherm parameters for the adsorption of
phenol on the NMO/AI. The value of n, which is an experimental parameter,
changes with the degree of inhomogeneity of the bonded phenol on the surface of
adsorbent. The n value greater than 1 indicates the optimal adsorption. The value
of Ky indicates the capacity of phenol adsorption. Additionally, the adsorption
intensity will be more significant when the n-value is greater.2

The linear form of the Temkin isotherm is expressed by Eq. 7:25

ge= B In K.+ B In C, @)

The adsorbate-adsorbent interactions considered by Temkin isotherm assumes
that the heat of adsorption decreases linearly with covering the absorbent surface
by the adsorbate substance. In Eq. 7, g and C, have the same definitions as before,
B refers to the Temkin constant associated with the adsorption heat, and K; refers
to the constant of equilibrium (L mg™1).

The plot of g versus In (C,) is a straight line with slope of B and an intercept
of B In (Ky). B and K; can be obtained from the slope and intercept of the resulting
line, respectively. The linear plot of g, versus In (C,) for the adsorption of phenol
on NMO/AI was showed in Fig. 3d.

Table 1 provides the Temkin constants and R2 value for the adsorption of
phenol on the NMO/AL. These constants give us information about the adsorption
heat and maximum binding energy of the adsorbate on the adsorbent.

Table I indicates that the Langmuir model provides a better fit to the
experimental data, as evidenced by its higher R2 value. The maximum monolayer
adsorption capacity for phenol on the NMO/AI was found to be 53.2 mg g! at
25 °C. Since the value of n in the Freundlich equation (4.504) is between 1 and 10,
the absorption of phenol is favorable.25
Kinetic examination

To assess phenol adsorption kinetics on the NMO/AIL the intraparticle
diffusion model (IPD), the Lagergren's pseudo-first and second-order models and
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the Elovich model were evaluated. The pseudo-first order model (Eq. 8) is as
follows:26

In(ge—q)=1In g — K t (®)

In Eq. 8, q; and g, represent the amount of phenol adsorbed (mg g!) at any

time t (min) and at equilibrium, respectively. K is the rate constant of the pseudo-

first order sorption (min~!). The value of q. and K can be determined from the
intercept and the slope of the plot of log(qe — q¢) versus t, as shown in Fig. 4a.
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Fig. 4. The phenol adsorption kinetic onto the NMO/AI at room temperature: (a) pseudo first
order, (b) pseudo second order, (¢) Elovich and (d) intraparticle diffusions plots.

Pseudo second-order model is defined as follows (Eq. 9):2¢

d
“E = ka(qe — qr)? ©)
Rearranging the variables gives (Eq. 10):
44 _ g dt (10)

(@e—a¢)?
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When Eq. 10 has been integrated in the boundary conditions t=0 (q=0) to t
=t(q=qy), Eq. 11 has been obtained.
t 1 t
a  Kzq? de (D
In the above equation, K, represents the rate constant of pseudo-second order
adsorption (g/mg min). The value of g and K5 can be also calculated from slope
and intercept of plot (t/q¢ versus t), as shown in Fig. 4b.
The Elovich equation was also used to qualitatively describe the
chemisorption process.25 The linear form of the Elovich model is expressed by Eq.
12:

1 1
q: = Elnaﬁ + Elnt (12)

In Eq. 12, a (g mg~! min1) refers to the sorption rate and p (g mg!) refers to
activation energy of chemisorption. Chemisorption is a process in which the
adsorbate molecules are bonded to the surface of the adsorbent through chemical
bonds. The sorption rate () represents the rate at which the adsorbate molecules
are chemically bonded to the surface of the adsorbent. The activation energy ()
represents the minimum energy required for the adsorbate molecules to overcome
the energy barrier and form chemical bonds with the adsorbent surface.

The values of a and B can be determined from the plot of q; versus In t, as
shown in Fig. 4c.

In the intraparticle diffusion model, the plot of q; versus t1/2 gives a straight
line, which can be expressed by Eq. 13:26

1

In this equation, the rate constant of intraparticle diffusion (mg g~! min—1/2)
was denoted to K;qand the intercept of the line denoted to C (Fig. 4d).

The resulted kinetic parameters from these models summarizes in Table II.
The calculated q. value for the Elovich model is in close agreement with the
experimental g value, indicating a good fit of this model to the experimental data.
The K;q4 for phenol was 3.14 mg g~ min—1/2, which shows the high tendency of the
NMO/AL for removal of phenol.2?

NMO/AI reusability

Adsorbent reusability is a leading factor in the environmentally-friendly and
economical process of adsorption. The problem with contaminated adsorbent
disposal to the environment may be thus decreased due to adsorbent reusability.
The results showed that the Re% of phenol in cycles 1 to 5 were 97.2, 94.7, 89.6,
85.1 and 80.3 respectively, that indicating the excellent reusability of NMO/AL.
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TABLE II. Kinetics constants for phenol sorption onto the NMO/AL

Kinetics model qufﬁcients Value
q. experimental (mg g!) 22.38

k; (min 1) 0.023

Pseudo first order g calculated (mg g1 4.11
R2 0.9027
k, (g mg~! min!) 0.0012

Pseudo second order g calculated (mg g1 30.77
R2 0.9886

o (mg g~ min1) 19.40

. mg! 0.144
Elovich model @ calfu(li o dg (rrzg ) 2134
R? 0.9757

kiq (mg ¢! min~12) 3.14

Intra-particle diffusion model q. calculated (mg g™ 22.7
R? 0.9953

Treatment of wastewater sample

The real wastewater samples were collected from an industrial center in
Kerman Province, Iran, and then examined for the respective content using
inductively coupled plasma-optical emission spectrometry (ICP-OES) as shown in
Table III. In the next step, real wastewater samples were spiked with phenol (50
mg L-1) and treated with the NMO/AI under optimized conditions. The mixture
was then separated and analyzed for metal ion levels and phenol content using ICP-
OES and spectrophotometer, respectively (Table III). The results showed that the
NMO/ALI was highly efficient in removing phenol and some metal ions from the
wastewater samples.

TABLE III. Application of the NMO/ALl to remove phenol from wastewater sample.

Metal ions Concentration before Concentration after Re (%)
treatment (mg L-1)* treatment (mg L)
phenol 50.0 32 93.6
Cr 53 0.6 88.7
Pb 5.4 0.7 87.0
Cu 8.1 0.8 90.1
Ni 6.2 0.9 85.5
Cd 4.5 0.5 88.9
Mn 43 Not detect 100
Co 52 Not detect 100
As 3.7 Not detect 100

*Original sample spiked with 50 mg L' of phenol.
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CONCLUSION

In this study, a novel and effective adsorbent was developed by chemically
depositing MnO, nanoparticles onto the surface of alumina. The results obtained
from FT-IR, SEM, XRD, and XPS analyses confirmed the successful grafting of
MnO:; nanoparticles onto the alumina surface. The applicability of the NMO/Al as
a new adsorbent was further confirmed by the ability to effectively remove phenol
from an effluent sample. The Langmuir isotherm model well indicated the
equilibrium data, and the highest phenol adsorption capacity on the NMO/Al was
reported by 53.2 mg g 1. The desorption experiment results showed that the
NMO/ALI adsorbent can be recovered and reused for up to five cycles. In the further
works, the NMO/AI nanocomposite could be magnetized using iron oxide or cobalt
oxide nanoparticles and then used to remove various contaminants from
contaminated samples.

SUPPLEMENTARY MATERIAL

Additional data are available electronically at the pages of journal website:
https://www.shd-pub.org.rs/index.php/JSCS/article/view/12633, or from the corresponding
author on request.

Acknowledgement: The current study was conducted thanks to the support of Payame Noor
University. The Bam University of Medical Sciences, Bam, Iran, provided financial assistance
(project no. 98000075), which the authors gratefully thank.

U3 BO[

[TPUTIPEMA, KAPAKTEPU3ALINJA U EBAJTYALIMJA HAHO MAHTAH JTUOKCHJA KOJHU
OBJIAXKE I'NNTMHULY, KAO HOBOT AICOPBEHTA 3A EOMKACHO YKJIAILALE ®EHOJIA
N3 BOOEHUX Y30PAKA

SAYED ZIA MOHAMMADIl, FARIDEH MOUSAZADEHZ", LEILA SALAJEGHEH-TEZERJIi, BATOUL LASHKARI3,
ELINA BANI-ASADI?

1Department of Chemistry, Payame Noor University, Tehran, Iran, 2School of Public Health, Bam University
of Medical Sciences, Bam, Iran, and 3Department of New Materials, Institute of Science and High Technology
and Environmental Sciences, Graduate University of Advanced Technology, Kerman, Iran

Edukacan copdeHT, HaHO-MaHraH IOHOKCHI Ha HaHokommnosuty ruaUne (NMO/AI)
NPUIPEMIBEH je Kao eKOHOMHYaH aficOPOeHT y OBOM pafy. Y TOM LIW/by, pa3InYATUM TeXHUKaMa
cy onpehene Mopdosonrke, XeMUjCKe W TOBPIIMHCKe Kapakrepuctnke NMO/AlL. NMO/Al
HaHOKOMIIO3UT ce Moske De3 Halopa OfIBOjUTH Off y30paka Boje omohy ¢uitep nanupa, fa ou
3aTUM OUIIO IIPOLIEHEHO yKiIamkame GeHola U3 y3opaka oTianHe Bofe. CXOIHO TOME, UCITUTaHU
Cy PasIMYMTH EMIMPHjCKHU MapaMeTpPH KOju YTUYy Ha OBO yKIamame ykbyuyjyhu pH, joHCKy
cuiy, Bpeme, TeMIepaTypy M KOHLeHTpauwjy denona. Ja 61 ce ucrmurana apcoprivoHa
paBHOTesXa, kopulrhene cy Langmuir, Freundlich, u Temkin jennaunse. Langmuir afcopniroHu
momen je umao Behum koedurmjent xopemanuje (RZ), mTo ykasyje Ha Oo/be yKIamame y
KapaKTEepPUCTHKE afCcopIUHje. 3a TpPOLeHy KHHeTUKe apcoprnudje ¢enoma Ha NMO/AL
HAHOKOMIIO3UTY KOpHUIIHeHH Cy pa3lu4uTH KMHETHYKH Mozenu. Ha ocHoBy pesynrtata, Elovich
Mopen je mokasao Hajboske Crarame ca KamauuteTom copruuje on 21,34 mg gl opmarHo,
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azfcopboBanu ¢eHon je eprxacHo necopdbosan ca NMO/Al nospuuriHe kopuinhemem eTaHona, a
3aTuM je NMO/Al HaHOKOMIIO3UT MOHOBO KOpHWINheH 32 ykiamame (eHona. Pesynaratu cy
nokasanu na ce NMO/Al HaHOKOMIIO3UT MOKe KOPUCTUTH y BHLIE Of TeT IUKIyca. Ha ocHOBY
Hastasa, Tpoliec aacopruje eHomna u3 ornagHe Boge kopuurhereM NMO/Al HaHOKOMIIO3HTA CE
cMmarpa eUKaCHUM afiCOPILMOHUM IPUCTYTIOM Y CUCTEMY aZICOPIILIHje BEIUKUX pa3mepa.

10.

11.

(ITpumiseHo 21. oxrodpa 2023; pepunupano 14. Hoemdpa 2023; npuxsaheHo 6. anpuia 2024.)
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