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Abstract: An effective sorbent, nano-manganese dioxide coated on alumina
(NMO/ALI) nanocomposite, as an economical adsorbent, was prepared in the
present study. To this end, morphological, chemical and surface characteristics
of NMO/AI were determined through various techniques. The NMO/AI nano-
composite could be thus separated effortlessly from water samples using a filter
paper and then, the removal of phenol from the wastewater samples was evalu-
ated. 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 (R2) 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/ALI 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.

Keywords: nano manganese dioxide; alumina; nanocomposite; phenol; removal.

* Corresponding author. E-mail: faridehmousazadeh1398@gmail.com
https://doi.org/10.2298/JSC231021042M

109

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



1 1 0 MOHAMMADI et al.

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 sig-
nificant 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.? 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.6~10 But most of the mentioned techniques are relatively
expensive or had been reported costly in treating secondary toxic sludge. Com-
pared to other processes, absorption is still economically the most profitable
method due to its advantages such as simple design, ease of adsorbent regen-
eration, adsorption capacity and minimum capital investment requirements.

Different adsorbents such as organic framework,? activated persulfate,L4
bimetallic/carbon nanocomposite,5 ZnO nanoparticles,® nanocomposites,’ granul-
ated cork,8 modified SiO,,” magnetic activated carbon-cobalt nanoparticles,!0
non-living Phanerochaete,!! kaolin/y-Fe»O3,!2 magnetic diatomite!? 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 mak-
ing it an economical alternative.l4 Moreover, alumina is naturally available and
can be easily obtained through chemical reaction from Al(OH)3. To further imp-
rove its adsorption efficiency, alumina can be modified through physical or chem-
ical 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 AlyO3, strong interactions between the surface of alumina and metal
oxides have been formed and therefore the absorption and catalytic properties of
alumina was improved.!> 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 used to remove the phenol and in addition,
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the method of coating manganese dioxide on alumina in the present work is dif-
ferent from the method of the previous works.16:17

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

EXPERIMENTAL
Reagents and equipment

Phenol was obtained from Merck, and was used to prepare a 1000.0 mg L ! solution in
deionized water. Al,O5; (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—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 D8 Advance diffractometer with
CuKa radiation. The microstructure of NMO/Al was observed using a scanning electron micro-
scope (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/Al

Manganese dioxide was precipitated onto alumina in an aqueous solution through a reduct-
ive reaction:!$

2KMnO, + 8HCI — 2MnO, + 2KCI + 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 HCl 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 h. The coated alumina was then filtered,
washed with boiling water, dried in an oven at 80 °C for 6 h, and stored in a bottle for later use.

Phenol removal method

To evaluate the ability of NMO/Al 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/AI 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.

For this assesses, 0.05 g of NMO/AIl 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/ALI from the solution, and
then the absorbance of the solution under the filter was measured using an UV—Vis (270 nm).
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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-!
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 solution (ranging from 0 to 0.5 mol L) were
assessed to investigate the salting effect on the phenol removal (Supplementary material to this
paper). It should be noted that, the percentage removal (Re%) was calculated:

Re% =1000—"C ©)
€o

where co (mg L 1) refers to the initial concentration and ¢;(mg/L) refers to the amount of phenol
at time 7.

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

Co—¢

a=V )

where 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
L1y with a contact time of 60 min at 298 K. After this, filter paper was used to separate the
NMOY/ALI loaded with phenol from the solution, and in the following, deionized water 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/AI and stirred for 30 min at 298 K
and 340 rpm. Once desorption was completed, the adsorbent was separated, washed with deion-
ized water 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
NMO/Al 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 4004000 cm!. 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 vib-
ration.19 The appearance of new bands at 458, 517 and 711 cm™! can be attributed
to the Mn—O vibration, which makes the NMO/AI nanocomposite spectrum dif-
ferent from the alumina spectrum. Therefore, the presence of MnO; on the surface
of alumina was confirmed.
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Fig. 1. a) FT-IR spectra of Al,O3 and NMO/Al, b) XRD of NMO/AL, ¢) XPS of NMO/AI and
(d) SEM of NMO/AL

The crystalline structure of the NMO/AI 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-Al,O3 (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.

Furthermore, as shown in Fig. 1b, the diffraction peaks present at 26 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/AIl nanocomposite. The presence of Al, Mn
and O elements in the NMO/AI nanocomposite was confirmed by using XPS of
NMOY/ALI (Fig. 1c). Quantitative data analysis of the XPS spectra yielded weight
ratio of 21.96 % for Al, 22.81 % for Mn and 55.23 % for O in the NMO/AI nano-
composite.

The morphological features of the NMO/AI nanocomposite showed in Fig. 1d.
The SEM images of NMO/Al reveal that it has a spherical shape. The porous mic-
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1 14 MOHAMMADI et al.

rostructure 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 pol-
lutants.

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.21-22
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/AL Conditions: 25 mL

phenol 50.0 mg/L. Agitation time: 60 min. 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 case a except to the agitating time.

The acid dissociation constant (pKj) value for phenol was 9.89; therefore, at
pHs less than pK,, phenol molecules exist in non-dissociated state, and the reason
for phenol adsorption can be attributed to n—r dispersion interaction, physical ads-
orption, 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 Figs. 2b and 3, 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/ALl surface, in the next
step, phenol molecules must be transferred from the bulk solution to the active sites
on the surface of the NMO/Al nanocomposite. This gradual diffusion would dec-
line the sorption level of phenol after 30 min.

Various initial concentrations of phenol (50, 75, 100, 125 and 150 mg L1)
were also used to examine the impact of initial concentration of phenol on adsorp-
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tion by the NMO/AI. According to Fig. 3a, adsorption capacity of phenol by the
NMOY/ALI 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, ads-
orption procedure largely depends on contact time and initial concentration of
phenol. Therefore, a contact time (60 min) and a ¢ (50 mg L-1) can be chosen for
other experiments.

60 1.2
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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/ALI at room temperatures.

Adsorption isotherm

To explain the adsorption capacities of phenol on the NMO/Al, the equilib-
rium experimental data was analyzed to assess the fitness of the data to the Lang-
muir, Freundlich and Temkin isotherm models. The non-linear Langmuir isotherm
model is given below:24

— QOKLCe
1 + I<LCe

9e 4)
In Eq. (4), the equilibrium concentration of phenol (mg L~1) has been denoted
to ce, the adsorbed phenol (mg g!) in the equilibrium time has been denoted to g,
the monolayer adsorption capacity of NMO/Al nanocomposite has been denoted
to Qp (mg g 1) and the Langmuir constant has been denoted to K1, (L mg-1).
The Langmuir model assumes that adsorption occurs on a homogeneous sur-
face with a finite number of identical sites, and the adsorption of one molecule
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does not affect the adsorption of another. Using the linear form of Langmuir iso-
therm model, we can obtain the Langmuir isotherm variables:24

Ce 1 Ce

e QKL Qo

The plot of ce/qe versus ce is a straight line with a slope of 1/Qg and an inter-
cept of 1/QpKr. The values of Qg and K7 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 K1 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 I. The isotherm constants to adsorb phenol onto the surface of NMO/Al

Isotherm model Parameter Value
Langmuir Q/mgg! 53.2
K /Lg! 0.33

R? 0.9983

Freundlich K¢/ mgg! 22.29
1/n 0.222

R? 0.9844

Temkin K,/ L mol! 3.37
B 17.81

R? 0.9888

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

logg. =log K¢ +%10gce (6)

where Ky is the Freundlich constant related to the adsorption capacity (mg g 1)(L
mg-1)/7_and » is the Freundlich exponent related to the intensity of adsorption.

The plot of log ge versus log c. is a straight line with a slope of 1/n and an
intercept of log K. 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
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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.25

The linear form of the Temkin isotherm is expressed as:25

go =BInK;+Blnc, (7

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 ¢ 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!).

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

Table 1 provides the Temkin constants and R? 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 experi-
mental 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 g1 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/AL, the intraparticle diffus-
ion model (IPD), the Lagergren;s pseudo-first and second-order models and the
Elovich model were evaluated. The pseudo-first order model is as follows:26

log(qe —q;) =Ing, — Kt ®)
In Eq. (8), K| is the rate constant of the pseudo-first order sorption (min™1).
The value of ¢, and K7 can be determined from the intercept and the slope of the

plot of log (ge — g¢) versus t, as shown in Fig. 4a.
Pseudo second-order model is defined as follows:20

dg 2
d—t’Zkz(qe ~4y) )
Rearranging the variables gives:
d
— = kyd (10)
(e —4)
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When Eq. (10) has been integrated in the boundary conditions ¢ =0 (¢ = 0) to
1=1(9=qp):
1
L — x (11)
4q; kzqe 9e
In the above equation, k, represents the rate constant of pseudo-second order
adsorption (g/(mg min)). The value of ¢, and k> can be also calculated from slope
and intercept of plot (#/g; versus ), as shown in Fig. 4b.

1.6 (a) 4 = (b)
12 ¥ =-0.0228x + 1.4138 ﬁ 3
~_ - - —_ -
= R2=0.9027 E
| Z
= 08 + g 2
& & v =0.0325x + 0.8671
= 0.4 - g'- 1 4 R2>=10.9586
0 . —_— 0
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f, min 1, min
25 = 24 -
(©) " @
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< y=69563x-7.1372 = 81 y=3.1372x - 1.6246
5 o R2=(.9757 = R2=10.9953
] T T T " 0 r . .
1 2 3 4 5 1 4 7 10
Int A2, (min)!?

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.

The Elovich equation was also used to qualitatively describe the chemi-
sorption process.2> The linear form of the Elovich model is expressed as:

1 1
=—Inof+—Int 12
4q; 3 7 i (12)

In Eq. (12), a (g mg~! min~1) refers to the sorption rate and # (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 repre-
sents the minimum energy required for the adsorbate molecules to overcome the
energy barrier and form chemical bonds with the adsorbent surface.

Available online at: http://www.shd.org.rs/JSCS

(CC) 2025 Serbian Chemical Society.



REMOVAL OF PHENOL FROM AQUEOUS SAMPLES 1 19

The values of a and f can be determined from the plot of g; versus In ¢, as
shown in Fig. 4c.

In the intraparticle diffusion model, the plot of g; versus t1/2 gives a straight
line, which can be expressed as:20

g =Kg"?+C (13)

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

The resulted kinetic parameters from these models summarizes in Table II.
The calculated ¢, value for the Elovich model is in close agreement with the exp-
erimental g, value, indicating a good fit of this model to the experimental data. The
K;q for phenol was 3.14 mg g~! min~1/2, which shows the high tendency of the
NMO/AL for removal of phenol.27

TABLE II. Kinetics constants for phenol sorption onto the NMO/Al

Kinetic model Coefficient Value
g. experimental (mg g!) 22.38
Pseudo-first order ky / min-! 0.023
g. calculated (mg g'!) 4.11
R2 0.9027
Pseudo-second order k> / g mg! min™! 0.0012
q. calculated (mg g1 30.77
R? 0.9886
Elovich model a/mg gl min! 19.40
B/ gmgl 0.144
g. calculated (mg g') 21.34
R? 0.9757
Intra-particle diffusion model K4/ mg ¢! min'12) 3.14
g. calculated (mg g') 22.7
R2 0.9953
NMO/AI reusability

Adsorbent reusability is a leading factor in the environmentally-friendly and
economical process of adsorption. The problem with contaminated adsorbent dis-
posal 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

Treatment of wastewater sample

The real wastewater samples were collected from an industrial center in Ker-
man 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
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treated with the NMO/AIl under optimized conditions. The mixture was then separ-
ated and analyzed for metal ion levels and phenol content using ICP-OES and
spectrophotometer, respectively (Table III). The results showed that the NMO/Al
was highly efficient in removing phenol and some metal ions from the wastewater
samples.

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

Component Concentration before Concentration after Re%
treatment?, mg L-! treatment, mg L-!
Phenol 50.0 3.2 93.6
Cr 5.3 0.6 88.7
Pb 54 0.7 87.0
Cu 8.1 0.8 90.1
Ni 6.2 0.9 85.5
Cd 45 0.5 88.9
Mn 4.3 Not detect 100
Co 5.2 Not detect 100
As 3.7 Not detect 100

aOriginal sample spiked with 50 mg L' of phenol

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/AI 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 equil-
ibrium data, and the highest phenol adsorption capacity on the NMO/AI was rep-
orted by 53.2 mg g~!. The desorption experiment results showed that the NMO/ALl
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 and information are available electronically at the pages of journal
website: https://www.shd-pub.org.rs/index.php/JSCS/article/view/12633, or from the corres-
ponding author on request.
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HU3BO[J

[TPUITPEMA, KAPAKTEPU3AIINJA U EBAJTYALIHLJA HAHO-MAHT'AH-TUOKCHUIA KOJH
OBJIAXKE IJTMHUITY, KAO HOBOT AIICOPBEHTA 3A EOUKACHO YK/ITAILALE ®EHOJIA
N3 BOOEHUX Y30PAKA

SAYED ZIA MOHAMMADI', FARIDEH MOUSAZADEH?, LEILA SALAJEGHEH-TEZERJ1!, BATOUL LASHKARI?
u ELINA BANI-ASADI?

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

Eduxacan copdeHT, HAHO-MaHTaH-TUOKCH], HA HaHOKommo3uty rauaune (NMO/AL) npu-
NIPEMJBEH j€ ka0 EKOHOMMYaH aficOPOEHT y 0BOM pafy. Y TOM LIWJbY, Pa3lIMYUTUM TEXHHUKaMa Cy
onpehene mopdosonike, xeMHjcke ¥ moBpuUIMHCKe kapakTepuctuke NMO/Al. NMO/Al HaHOKOM-
MIO3UT ce MOXke De3 Haropa OZIBOjUTH Off y30paka Bojie Tomohy dunrtep nanvpa, fa 01 3aTum 6uso
NPOLIEHEHO yKIamame (eHosIa U3 y30paka oTnanHe Bofe. CX0HO TOME, UCIIUTaHU Cy Pa3IHIUTH
eMITHPUjCKHU MTapaMeTpH KOju YTUUY Ha OBO yKJIamame Ykbyuyjyhu pH, joHCKy jaunHy, Bpeme,
TEMIIEpPATypy U KOHLEHTpauujy ¢eHosna. Ja 01 ce ucnutana agcopnuvioHa paBHOTEXKaA, KOPHUIL-
hene cy Langmuir, Freundlich u Temkin jegHauune. Langmuir ancopnidoHu Mozen je UMao
Behu koeduuujeHT kopenanyje (R%), mTo ykasyje Ha Gombe yrianame y KapakTeEPHCTHKE aficOpII-
nuje. 3a npoleHy KuHeTHke apcopruuje deHona Ha NMO/Al HaHOKOMITO3UTY KOpUITheHH Cy
PasnUYMTH KHHeTHYKu Mopend. Ha ocHoBy pesyntara, Elovich monen je nmoxasao Hajbosse crna-
rame ca KarmagutetoM copruuje ox 21,34 mg ¢'. onatHo, ancopbosanu deHon je ebrkacHo
necopdoBan ca NMO/Al nospurriHe Koprirhewem eTaHoua, a 3aTUM je NMO/Al HaHOKOMITO3UT
NoHOBO KkopulrheH 3a ykiawamne (eHona. Pesynraty cy nokasanu ga ce NMO/Al HaHOKOMITO3UT
MOXKe KODUCTHTH y BUILE Off IeT uuwiyca. Ha ocHOBY Hajasa, Ipouec agcopnuuje deHomna 13
ornagHe Boje kopuirheweM NMO/Al HaHOKOMIO3UTa ce cMaTpa eUKacCHUM afCOPNLHOHUM
ITPUCTYTIOM y CUCTEMY afCOpIILIHje BeMUKUX pa3Mepa.

(ITpumsbeHo 21. oxTodpa, peBuarpano 14. Hosembpa 2023, npuxsaheHo 6. anpuna 2024)
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