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Abstract: Biomass-based biosorbents have demonstrated significant potential for
removing synthetic organic dyes from water. This study explores the use of a
magnetic biosorbent (Fe;04/MB) derived from Ambrosia artemisiifolia, as a
novel material for the removal of Congo red (CR) dye from aqueous solution.
The biosorption process was investigated by varying key parameters: pH,
Fe;04/MB dosage, CR concentration, and temperature, followed by kinetic and
equilibrium analyses. The structural properties of Fe;04/MB were characterized
with Fourier Transform Infrared spectroscopy (FTIR). The CR concentration
was monitored via UV—Vis spectrophotometry. Kinetic studies indicated that the
biosorption of CR followed a PSO model (R?=0.99). Isotherm analysis revealed
that the Langmuir model best described the biosorption of CR (R? = 0.97), with
a maximum adsorption capacity (Qma) of 33.56 mg g'!'. The implementation of
Fe;04/MB. supports sustainable water management and contributes to the

development of greener, and more circular industrial practices.
Keywords: biomass; biosorption; synthetic organic dyes; water treatment.

INTRODUCTION

Water pollution has become an escalating global problem. Synthetic organic
dyes, used in textile, paper and leather industries, significantly impact the
environment, and contribute to water contamination.! Many of these dyes are toxic,
carcinogenic, and resistant to degradation.” Reports indicate that about 700 tons of
dye-laden industrial wastewater are daily released into the world’s water bodies.
Research reveals that even low concentrations of these compounds can be harmful
to the environment.? Congo red (CR) is the widely utilized benzidine-based anionic
azo dye, characterized by double azo groups, a long linear chain, and two
symmetrical naphthylamine moieties, with good water solubility and poor

* Corresponding author. E-mail: sandra.bulatovic@ihtm.bg.ac.rs
https://doi.org/10.2298/JSC250909092N



mailto:sandra.bulatovic@ihtm.bg.ac.rs
https://doi.org/10.2298/JSC250909092N

NEDIC et al.

biodegradability. The CR is primarily used in the textile and rubber industries and
can enter the body through the skin, eyes, respiratory system or gastrointestinal
tract, affecting vital organs and the immune system, including cancerogenic and
mutagenic effects on human health.* Therefore, effectively removing Congo red
from industrial wastewater is important for environmental quality.

Numerous techniques, such as: adsorption, ozonation, advanced oxidation,
reverse osmosis, flocculation, ion exchange, membrane separation, photocatalytic
degradation, and biodegradation, have been implemented for removing synthetic
organic dyes from wastewater in order to reduce environmental pollution.
Adsorption is the most widely used due to its operational simplicity, low cost, high
efficiency, and minimal sludge generation.>® Various adsorbent materials, like
synthetic polymers, nanocomposites, clays, modified adsorbents, carbon-based
materials etc., have been used for dye removal.” Among the many materials for dye
sorption, biomass-based materials are an excellent choice because of their non-
hazardous nature, wide available in sufficient quantities, sorption efficiency, and
cost-effectiveness. These materials.are not harmful to the environment, and their
use in environmental protection has become an ecological and economic challenge,
representing an effective eco-friendly solution. Many researchers have
investigated the use of biomass for wastewater treatment.®'° Biomass is composed
of cellulose, lignin, hemicellulose, lipids, and proteins, which contain functional
groups (hydroxyl, carboxyl, amino, and phenol groups), making them effective for
dye removal. A variety of biosorbents have been utilized in dye biosorption, such
as microorganisms, agricultural wastes or weeds, forestry and food residues, wood
wastes, etc, 113

Ambrosia artemisiifolia is an invasive weed plant that has spread extensively
across Europe, America, and Asia. Only in Europe, about 44 million people suffer
from allergies caused by Ambrosia, resulting in high medical costs, with impaired
quality of life for those patients. Beyond its allergenic effects, 4. artemisiifolia can
cause significant crop yield losses, exerting generally negative impacts on the
environment.'* This weed is particularly widespread in northern regions of the
Republic of Serbia, and the maximum recorded pollen concentration reached
12356 grains m, making it the dominant airborne allergen.'> Several researchers
have explored the potential use of A. artemisiifolia as a biosorbent for removing
some hazardous compounds, while its use in the removal of synthetic organic dyes
remains largely unexplored.!®!® Therefore, the literature of this topic remains
limited, presenting opportunities for further investigation. In our previous study, a
magnetic biosorbent derived from A. artemisiifolia biomass showed great potential
in the removal of Malachite green (MG), a cationic dye, from aqueous solution.'
The aim of this study was to examine the potential of the same magnetic
biosorbent, Fe304/MB, for the sorption of a different type of dye, the anionic dye
Congo red (CR), including a circular economy aspect of this research.
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EXPERIMENTAL
Chemicals

The chemicals used in this research were: iron (II) chloride (FeCl,-4H,0, > 98 %), iron
(IID) chloride (FeCls-6H>0, > 97 %), Congo red (C3,H2NgNa,06S>), sodium hydroxide (NaOH),
sodium chloride (NaCl), acetone ((CHs3)CO), ethanol (C.HsOH), methanol (CH:OH), and
hydrochloric acid (HCI). All chemicals were purchased from Sigma Aldrich (Saint Louis, MO,
USA).

Biosorbent material and characterization

The sample collection, biomass pre-treatment, preparation of magnetic biosorbent
Fe;04/MB, and its characterization (SEM, EDS, XRD and pH,x) were thoroughly described in
detail in our previous paper.'® The structure of Fe;04/MB, before and after biosorption of CR
dye, in this study was characterized using: Nicolet SUMMIT ET-IR Spectrometer (Thermo
Fisher Scientific, Waltham, MA, USA), in ATR mode; in the range 4000400 cm™'.

Biosorption study in a batch system

Determination of the optimal conditions for the efficient biosorption of CR with Fe;04/MB
in a batch system, was enabled by tracking effects of biosorbent dose (1-5 g L), contact time
(0—-180 min), dye concentration (10-300ppm), pH (2—10), and temperature (298—318 K). For
the monitoring of the biosorption process, 5 g L' of the Fe;04/MB was added to a vial flask
with 20 mL of a 50 ppm CR solution, based on the experience from our previous study.'® The
samples were shaken for 180 min at 450 rpm, in an orbital shaker (Orb-Pro Labbox Labware,
Barcelona, Spain). After the biosorption process, the Fe;04/MB was separated using an external
magnet, and the remaining CR concentration was measured using a UV—Vis spectrophotometer,
at Amax = 498 nm. UV~Vis spectroscopy (NOVEL-102S, COLOLab Experts, Polje ob Sotli,
Slovenia) was used for determination of the CR concentrations. The removal efficiency (R, %),
and the biosorption capacity (Q, mg g™!) of CR were calculated by Equations (1) and (2):%°

R (%) = “=x 100 (1)
0
Q, =X 2)

where Cy, C., and C; (ppm) represent the CR concentrations in the water solution at the
initial, equilibrium, and any time #; (L) is the water solution volume; m (g) is the biosorbent
mass.

For desorption experiment Fe;04/MB (5 g L) was added to the CR dye solution (Cy = 50
ppm; pH = 3; T = 298 K; contact time = 180 min; shaking speed = 450 rpm). After CR
biosorption, the CR-loaded Fe;04/MB was separated using an external magnet. Desorption
agents (20 mL) including absolute EtOH,?' 0.1 M HCL?' 0.1 M NaOH,*' distilled water,?
acetone,” MeOH and 10 % NaCl:MeOH (volume ratio 3:7),%* were used for desorption of CR
from the CR-loaded Fe;04/MB, and shaken for 60 min at 450 rpm. The samples were separated
using an external magnet and the concentrations of CR were measured using a UV-Vis
spectrophotometer at Amax = 498 nm. The desorption percentage (D, %) of CR was determined
using Equation (3).

D (%) =Z—Z>< 100 3)

where O, and O, (mg g) are the desorbed and adsorbed quantities of CR.
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RESULTS AND DISCUSSION
FTIR characterization of Fe;O4/MB

The Fourier Transform Infrared Spectroscopy (FTIR) spectrum of FesOs+/MB,
before and after biosorption of CR, given in Fig. 1 shows the presence of many
functional groups responsible for dye biosorption. The broad band at 3331.8 ¢cm™!
is characteristic of the stretching vibration of hydroxyl groups (—-OH) and primary
amines stretching (—-NH), probably connected to hydrogen bonds within cellulose
and lignin.?*?” The peaks at 2919.1 and 2850.9 cm™' can be attributed to C-H
stretching vibrations in —CH2 and —CH groups. The absorption peaks at 1641.5 and
1419.6 cm™! indicate the presence of ~COO of carboxyl, and C—O groups on the
Fes04/MB surface.?>?® The peak at 1260.9 cm™ can refer to stretching of the COC
group, while the peak at 1026.5 cm™ corresponds to the CO stretching vibration of
a primary alcohol.  The spectrum after CR ‘biosorption didn’t show significant
changes in peaks intensity in the region from 3300-2000 cm™, but in the region
from 2000-500 cm™! were evident changes in the intensity and appearance of a new
peaks at 1602.5, 1421.2, and 1041.1 cm, due to the dye biosorption on the
Fes04/MB surface.’® The peak at 587.7 em! is related to magnetite, incorporated
into the structure of magnetic FesOs/MB.*! According to these results, the
functional groups potentially involved in the biosorption of CR dye included
hydroxyl, carboxyl, and amine groups. The shifting of the peak’s frequency and
intensity in the FTIR spectrum of CR loaded FesO+/MB, compared to the
FesO4/MB could be assigned to the biosorption of CR on the Fe:O4/MB surface. In
general, the biosorption of CR with Fe;0./MB takes place by hydrogen bonding,
electrostatic interaction, n-m interactions, and ion exchange (Fig. 3). Presence of
cellulose; hemicellulose, and lignin, in the biosorbent structure, with a large
number of hydroxyl, carbonyl, and carboxyl functional groups, allows CR
biosorption from aqueous solutions.?’

Effect of pH on biosorption

The pH of the CR solution plays a crucial role in determining the biosorption
capacity, because it directly affects the surface charge of the Fe3O4+/MB and the
ionization of the CR. The removal efficiency of CR from aqueous solutions using
Fe;04/MB was evaluated across a range of pH values (2—10), while maintaining
constant experimental conditions (Co = 50 ppm, FesOs/MB dose =5 g L', T =298
K, contact time = 180 min, and shaking speed = 450 rpm). The pH of the CR
solutions was adjusted using a pH meter by adding 0.1 M NaOH, and 0.1 M HCL
solutions. Fe;0s/MB was added to each of the solution, after which the samples
were shaken. After the biosorption process at different pH, the samples were
separated using an external magnet, and the concentrations of CR were measured
using a UV-Vis spectrophotometer at Amax = 498 nm. As illustrated in Fig. 2a, the
CR removal percentage increased from 32.23 % at pH 10 to a maximum of 82.88
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% at pH 3. At pH values below the point of zero charge (pHpzx = 4.8)', the
Fe;04/MB surface was positively charged, leading to electrostatic attraction
between the FesOs/MB and the anionic CR dye, which increased biosorption
efficiency (Fig. 3). In contrast, at pH values above 4.8, the FesO+/MB surface
becomes negatively charged, leading to a decrease in CR biosorption.
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Figure 1. FTIR spectra of Fe;04/MB and Fe;O./MB—-CR.

The pH analysis of CR solutions before and after biosorption of CR with
Fe;0./MB revealed a dependence on the initial acidity of the solution. Under acidic
conditions, the final pH values increased relative to the initial pH, whereas in basic
conditions, the pH remained largely unchanged, reaching a plateau. Notably, at the
optimal pH 3, a pronounced change in pH was observed (from 3 to 6.37),
corresponding to the highest CR removal. Hence, acidic conditions were more
favorable for the biosorption process of CR with Fes0./MB, which is in accordance
with literature data.’*33
Effect of biosorbent dose

The effect of varying Fes0+/MB doses (1-5 g L!) on the removal efficiency
of CR was investigated while keeping all other experimental parameters constant
(Co =50 ppm, pH = 3, T = 298 K, contact time = 180 min, and shaking speed =
450 rpm). The results indicate that CR removal efficiency increased from 57.39 %
to 80.72 % as the Fes04/MB dose was raised from 1 to 5 g L' (Fig. 2b). This is
attributed to the greater availability of active sites on the FesO4/MB surface at
higher doses, which facilitates dye biosorption. Based on these results, a Fes0./MB
dose of 5 g L' was selected as the optimal for CR removal.
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Biosorption Thermodynamics

The thermodynamic parameters - Gibbs free energy (4G°), enthalpy (4H°),
and entropy (45°), for the biosorption of CR on Fe;O+/MB were evaluated at three
different temperatures (298, 308, and 318 K), while maintaining constant
experimental conditions (Co = 50 ppm, FesO4/MB dose = 5 g L', pH = 3, contact
time = 180 min, and shaking speed = 450 rpm). The reduction in CR uptake
capacity of the Fes0./MB at higher temperatures might be due to the weakening
of interactions between the dye molecules and the active sites on the Fes;O+4/MB
surface (Fig. 2c). The negative values of AG° (Table I), in the temperature range
298-318K, suggests that the biosorption of CR with Fe;04/MB is spontaneous.
The negative values of AH° and 45° (Table I) indicate the exothermic nature of the
biosorption process, associated with the lowered randomness and disorder at the
solid-liquid interface.>* The thermodynamic parameters were determined using the
Van’t Hoff equations (4)—(7).%%

4G° = =RT InKq o
Ky=2 5)

A5° AH®
log Ky = 2303R  2.303RT (6)
AG® = AH° — TAS® 7

where R is the ideal gas constant (8.314 J mol! K1), T is the Kelvin
temperature of biosorption, K« is the linear sorption distribution coefficient, Q. (mg
g!) is the equilibrium adsorption capacity representing the mass of CR adsorbed
per unit mass of the biosorbent, and C, (mg L) is the equilibrium concentration
of the dye in the solution.
Biosorption kinetics

The influence of contact time on the removal efficiency of CR by Fes0+/MB
is illustrated in Fig. 4. The biosorption process demonstrated a relatively rapid
uptake, reaching ~83 % removal within 120 minutes. Initially, the biosorption rate
was high due to the abundance of available binding sites on the FesO4/MB surface.
Over time, the rate of CR biosorption decreased, suggesting saturation of the
binding sites. For a better understanding of the biosorption mechanism, the
experimental data were fitted to the linearized forms of four kinetic models:
pseudo-first-order (PFO), pseudo-second-order (PSO), Elovich, and Intra-particle
diffusion (IPD) model (Table SI). According to the results (Table II; Fig. 5), the
PSO model provided the best fit, with a correlation coefficient (R?) of 0.99.
Furthermore, the calculated equilibrium biosorption capacity from the PSO model
(8.68 mg g closely matched the experimentally determined value (Fig. 4; 8.36
mg g'), confirming the suitability of the PSO model for describing the biosorption
kinetics of CR with Fe;O./MB.
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Fig. 2. The effects of the experimental parameters: (a) initial pH (2—10) and final pH, (b)
Fes04/MB dose (1-5 g L), and (c) temperature (298-318 K), on CR biosorption with
FC304/ MB.

TABLE I. Thermodynamic parameters for the biosorption of CR with Fe;04/MB.
AG° (k] mol™h
298K 308K 318K
—6.97 —25 —0.56  -0.98 —1.06
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Fig. 4. Effect of contact time on the removal of CR with Fe;04/MB (Cy = 50 ppm; FesO«/MB
dose =5 g L', T =298 K; pH = 3; shaking speed = 450 rpm.
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TABLE II. Kinetics parameters of various models for the biosorption of CR wth Fe;O+/MB.

Parameter Values

0.7, mg g'! 8.36

PFO
0. mg g! 5.83
ky, min™! 0.02
R’ 0.97

PSO
<4 mg g! 8.68
ko, g mg'min! 0.01
R? 0.99

Elovich model
ap, mg g’ 7.20
B, g mg! 0.89
R’ 0.88
IPD model

k3, g mg™! min™! 0.46
R’ 0.98

y=-0.0097x + 0.7656 (b) 21+
R*=0.9659 184

y=0.1152x + 1.3405
R2=10,9879

o — — — — 77—
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y =0.4593x + 2.6578
R*=10.9795
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Fig. 5. Linear plots of kinetics models: (a) PFO, (b) PSO, (c) Elovich, and (d) IPD model, for
the biosorption of CR with Fe;04/MB.

Biosorption isotherms

The Fig. 6 illustrates the biosorption of CR with FesO+/MB at varying initial
dye concentrations (10-300 ppm), using a constant FesO4/MB dose of 5 g L™!, with
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contact times ranging from 0 to 180 minutes, at 298 K and pH 3. The experiments
were conducted under constant experimental conditions. The results demonstrate
that increasing the initial CR concentration leads to an increase in the biosoerption
capacity of Fe:O4/MB. The experimental data were fitted to the Langmuir,
Freundlich, Temkin, Elovich, and Dubinin-Radushkevich isotherm models (Table
SI). The Langmuir model, which assumes monolayer adsorption on a
homogeneous surface with uniform energy sites, showed the best fit, as indicated
by a high coefficient of determination (R*> = 0.97) (Table III; Fig. 7). The
theoretical maximum adsorption capacity calculated from the Langmuir model was
33.56 mg g’!, closely with the experimentally determined value of 29.64 mg g
The Dubinin-Radushkevich model is important for determination of the adsorption
energy (E) and underlying sorption mechanisms (physical or chemical),
responsible for CR removal. The adsorption processes with E levels < 8 kJ mol™!
reflect physical, between 8 and 16 kJ mol ' reflect combination of physical
chemical, and higher than 16 kJ mol " reflect chemical-based mechanisms.*® The
E values detected in this study > 8 kJ/mol (11.28 kJ mol™!) aligns with the energies
for cooperative processes involving physical and chemical interactions (8—16 kJ
mol™), indicating that ion exchange is the dominant process of absorption of Congo
red onto FesO4/MB,3” which is consistent with other results.

TABLE III. Parameters for various isotherm models of CR biosorption on Fe;0./MB.

Parameter Value
Langmuir model
Om, mg g’! 33.5
K, L mg! 0.03
R? 0.97
Freundlich model
nr 1.89
Kr, Lg! 2.26
R? 0.96
Temkin model
Ar, L mg’! 0.73
R’ 0.91
Elovich model
On, mg g’! 12.58
Kp, Lg! 0.12
R2
Kp.z, mol® kJ? 3.93 - 10°
E, kJ mol"! 11.28
Op.r, mgg! 162.32

R’ 0.97
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Comparison studies

The maximum biosorption capacity of FesOs/MB for CR was evaluated in
comparison with other biosorbents reported in the literature (Table V). Based on
the Langmuir isotherm model, in this study, the calculated maximum capacity was
33.56 mg g, indicating that FesO4/MB exhibits competitive efficiency and
promising potential for application in dye-contaminated wastewater treatment. In
addition to its notable performance, application of FesOs/MB has several
advantages: it is a .minimally modified, inexpensive, and readily available
biomaterial; making it attractive for practical applications and contributing to the
reduction of the harmful impact of weeds on the environment and human health.
Moreover, this biosorbent has not been previously analysed for CR removal and,
to date, no studies have reported its application for this purpose in the available
literature. Although these results are favourable compared to many low-cost and
biomass-based biosorbents, it is important to note that the referenced data were
obtained under different experimental conditions. Variations in initial dye
concentration, pH, biosorbent dosage, contact time, and temperature can
significantly influence the results. Therefore, to enable a more accurate
comparison, further studies under standardized conditions are recommended.
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Regeneration of FesO+/MB

A regeneration study of FesO4+/MB was conducted using seven different desorption agents: 0.1
M HCI, 0.1 M NaOH, absolute EtOH, acetone, MeOH, and 10 % NaCl:MeOH (volume ratio
3:7). The results, shown in Fig. 8a, indicate that 10 % NaCl:MeOH was the most effective
desorbing agent after the first adsorption/desorption cycle, and it was used for all subsequent
regeneration tests. As depicted in Fig. 8b, the desorption efficiency of Congo red (CR)
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Conc. Biosorbent _Time Temp. Qmax  Ref.
(ppm) dose ~ (min) X) (mg g™
eLh
Fe;04/MB 50 3 5 180 298 33.50 /
Garlic peel 25 5 7 15 298 1522 38
Oyster shells 72.34 33 0.1 84.44 298 84.77 3
Cotton calyx - 25 . 110 .24 60 293 2066 39
Fe304
Vangueria infausta 10 2 14 180 328 791 40
fruit pericarp
Pleurotus mutilus 50 3.5 1 150 300 36.68 41
Wood bimass 50 7 0.008 360 298 8.00 27
Modified egg shell 100 45 10 180 298 117.65 42
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Fig. 8. A regeneration/reusability study of FesO«/MB (a) Examined CR desorption agents; (b)
number of CR desorption cycles.
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Circular-Economy approach

Circular economy is a production/consumption model that involves 4R’s,
including repairing, reusing, refurbishing, and recycling of existing materials and
bioproducts.** Adopting a circular economy approach in wastewater treatment
emphasizes the reuse of natural, renewable resources to minimize waste and
environmental impact. Utilizing biomass-based biosorbents, such as Fe;:O+4/MB
which is derived from A. artemisiifolia, a widely spread weed species whose
collection incurs no cost, aligns with this strategy by transforming low-value plant
material into an effective tool for pollutant removal. This not only reduces
dependence on synthetic or energy-intensive adsorbents but also adds value to
biological waste, closing the loop between resource use and waste generation.
Implementing such biosorption systems supports sustainable water management
and contributes to the development of greener, more circular industrial practices.**

CONCLUSION

This study demonstrated the strong potential of Fe:O4/MB, derived from
Ambrosia artemisiifolia biomass, for the biosorption of Congo red (CR) in a batch
system. Kinetic analysis confirmed that the PSO model best describes the
biosorption process of CR, indicating that chemisorption is the rate-limiting step.
Isotherm analysis revealed that the Langmuir model accurately fit the experimental
data, suggesting monolayer adsorption of CR on a biosorbent surface. Under
optimal experimental conditions (Co = 50 ppm; Fes04/MB dose =5 g L'!'; T =298
K; t = 180 min; pH = 3), the maximum CR adsorption capacity was 33.56 mg g'.
These findings indicate that Fe;0./MB is an economical, environmentally friendly,
and effective alternative for CR removal from wastewater.

Compared to our previous study, the FesO+/MB proved to be effective in the
sorption of anionic dyes, but with a slight advantage for cationic dyes, as the
biosorption efficiency (91.81 % for MG; 83.68 % for CR) was higher for shorter
sorption time (60 min for MG; 180 min for CR). Both studies observed that the
dye uptake, with the same biosorbent, was best fit to the Langmuir isotherm, and
the PSO kinetic model. The thermodynamics modelling revealed that both
biosorption processes were spontaneous and exothermic. In summary, we presume
that the CR and MG uptakes by the FesO+/MB were achieved by a combination of
electrostatic attraction, m—m electron—donor interaction, and hydrogen bonds.
Therefore, the Fes04/MB could serve as an alternative adsorbent/biosorbent for the
treatment of contaminated water that contains different synthetic organic dyes.
Future research will explore FesO4+/MB applicability for removing a broader range
of contaminants like pesticides, and pharmaceuticals, as well as scaling up from
laboratory to industrial applications. This will require a thorough assessment of
technological feasibility, and economic viability.
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HU3BOJ

MATHETUYHU BUOCOPBEHT HA BA3U BUOMACE Ambrosia artemisiifolia 3A YKJIAIbAHE
KOHI'O OPBEHE M3 BOJE: HUPKYJIAPHO EKOHOMCKH ITPUCTYIL

HATAJIMJA HEIUR!, TAMAPA TAIIUR!, BOJAHA MAPKOBUR!, AJIEKCAH/IPA HACTACOBUR', ATEKCAHIIAP
TMIOTIOBUR?, U CAHJIPA BYJIATOBUR"
"Uncinuiiy 3a xemujy, TEXHON0TUjy U Metwdnypiujy Ynusepsuiiei y Beoipagy, Fhetowesa 12, 11000
Beoipag, u Ynusepsuiein y Beoipagy, Xemujcku axynumein, Cinygeniucku wipi 12—16, 11158 Beoipag.
buocopbentn Ha Oasu Ouomace nokasanu Cy 3HayajaH M[OTEHNIMjal 3a YKIamkame
CHHTETHYKHX OpraHCcKkux Ooja u3 Boze. OBa CTyOMja 3aCHMBA C€ Ha YNMOTPEOHM MarHETUYHOT
duocopbenra (FesO4/MB) Ha basu duomace Ambrosia artemisiifolia, ka0 HOBOr MaTepHjaia 3a
yKknamamwe koHro upseHe (KLI) Doje w3 BomeHor pacTtBopa. IIpoiec duocopmiyje je HCIUTHBAH
BapUpameM KbYYHUX mapaMmerapa: pH, no3a duocopbeHTa, KOHIIeHTpauyja doje 1 TeMIiepaTypa,
HaKOH yera Cy ycJjefune KUHeTUYKe ¥ paBHOTeXHe aHanuse. CTpykTypHa cBojctBa FesO4/MB cy
okapakxrepucaHa @ypujeoBom TpanchopmanroHom HHdpanpeeHom Crnekrpockonujom (FTIR).
Konuenrtpauuja. doje npahena je UV-Vis cnexrpodoTtomeTpujoM. KuHeTHYKe aHalIu3e Cy
nokasane ga duocopnuvja doje npatu PSO mopen (R? = 0,99). JIeHTMUPOB MOJEN M30TEPMHU
N0Ka3ao je Hajbosbe cnarame ca ekcliepuMeHTanHuX nopjanrma (R? = 0,97), ca MakcumanHUM
KarmaguTeroM ancopnudje (Qme) om 33,56 mr r'. Tpumena Fes0s/MB monpikaBa OOpPIKHUBO
yIpaB/bathe  BOZaMa M MAONPUHOCH Pa3BOjy EKONOLIKH MPUXBAT/BHBUX M LHUPKYIAPHUX
HHIYCTPHUjCKUX MTPAKCH.

(ITpumrseno 9. centemdpa; peBuaupaHo 8. okrodpa; npuxsaheno 18. nenemdpa 2025.)
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