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FE3:04 ASOSIDAGI ADSORBENT YORDAMIDA PB* IONLARINI SUVLI ERITMALARDAN AJRATIB OLISH:
SPEKTROSKOPIK TAVSIFLASH VA IZOTERMIK TAHLILI
Annotatsiya

Ushbu tadqiqotda suvli eritmalardan Pb?" ionlarini samarali ajratib olish maqsadida magnetit asosidagi adsorbent sintez qilindi va
uning adsorbsion xususiyatlari har tomonlama o‘rganildi. Strukturaviy va sirt funksional guruhlarini aniglash uchun 1Q tahlili
o‘tkazildi. Natijalar FesOs yadrosining saqlanib qolganligini hamda adsorbent yuzasida —OH, —NH, C=0 va —COOH Kkabi
funksional guruhlar mavjudligini tasdigladi, bu esa og‘ir metall ionlari bilan o‘zaro ta’sir gilish uchun faol markazlar hosil
bo‘lishini ko‘rsatadi. Pb?* ionlarining adsorbsiyasi UV-Vis spektroskopiya yordamida tahlil gilindi. Vaqt o‘tishi bilan absorbans
intensivligining muntazam kamayishi eritmadagi qo‘rg‘oshin ionlari konsentratsiyasining pasayganligini va adsorbsiya
jarayonining samarali kechganligini ko‘rsatdi. lzoterma tahlillari Langmuir, Freundlich va Dubinin—Radushkevich modellari
asosida amalga oshirildi. Natijalar adsorbsiya jarayonining asosan monomolekulyar gatlam hosil gilish mexanizmi bilan birga
sirtning gisman geterogen tabiatini ham aks ettirishini ko‘rsatdi. Energetik tahlil esa ion-sirt ozaro ta’sirining muhim rol o‘ynashini
tasdigladi. Olingan natijalar magnetit asosidagi adsorbentning Pb*" ionlarini suv muhitidan samarali ajratib olishda istigbolli
material ekanligini ko‘rsatadi.

Kalit so‘zlar: FesOa, Pb* ionlari, adsorbsiya, UV-Vis spektroskopiya, FTIR, izoterma modellari, Langmuir, Freundlich, Dubinin—
Radushkevich, og‘ir metallarni tozalash.

YIAAJEHUE HOHOB PB* U3 BOAHBIX PACTBOPOB AJICOPEEHTOM HA OCHOBE FE;O4:
CHEKTPOCKOITUYECKASI XAPAKTEPUCTUKA U U3OTEPMUYECKHA AHAJIN3

AHHOTAIHS
B manHOM MccnenoBaHNM OBUT CHHTE3UPOBAH aICOPOCHT Ha OCHOBE MarHETUTA C IEJbI0 S(PEKTUBHOTO yaaleHnss HOHOB Pb?" u3
BOJIHBIX PacTBOPOB, M BCECTOPOHHE HW3y4YECHHI €ro aJcopOUMOHHBIE CBOHCTBa. Bpul mpoBeneH anamu3 meronom MK-Oypre
cnekrpockormun  (FTIR) mms wneHTHUKAIMH CTPYKTYPHBIX W TOBEPXHOCTHBIX (DYHKIHOHANBHBIX TpYMI. Pe3ymbraThl
MOATBEpANIH coxpaHeHue sapa FesOs 1 Hannaue Ha MOBEPXHOCTH aficopOenTa (GpyHKIIMOHANBHBIX TPy, Takux kak —OH, —NH,
C=0 u C-0, uro yka3bIBaeT Ha 00pa30BaHUE aKTUBHBIX IICHTPOB AJISl B3AUMOICHCTBHS C HOHAMH TSDKEJBIX METAJIOB. AcopOnus
noHOB Pb*" koHTponMpoBanack ¢ nomoupo Y ®-Bun cnekrpockomnuu. PerynspHoe yMeHbIIEHHE HHTEHCHBHOCTH MOTJIOIIEHUSI CO
BpPEMEHEM YKa3bIBaJIO Ha CHIDKEHUE KOHIIEHTPAIIMY HOHOB CBHHIIA B pacTBOpE U 3P eKTHBHOE MPOTEeKaHHe IpoLecca aiCoOpOLIHH.
W3oTepMuueckuii aHaan3 mpoBOIMIICS Ha ocHOBe Mojeneil Jlenrmiopa, ®peiinmmxa n Jlyonnnna-Pagymkesnya. Pesynbrarsl
TOKa3aJIM, YTO MPOLECC aACOPOLIHU B OCHOBHOM OTPa)KaeT MEXaHW3M 00pa30BaHKs MOHOMOJICKYJISIPHOTO CJIOSI HApsIy C YACTHYHO
TeTepOTeHHOH TPHPONON TIOBEPXHOCTH. ODHEPreTHYeCKWH aHaiW3 MOATBEPIMI BaXKHYI0 pOJb HOHHO-IIOBEPXHOCTHOTO
B3aMMOJICHCTBYS.
TlomyueHHBIe pe3ynbTaTHl MOKAa3BIBAIOT, YTO AJCOPOEHT HA OCHOBE MAarHETHUTA SIBISETCS MEPCHEKTUBHBIM MaTepHaJIoOM JUIS
3¢ PeKTUBHOTO yaaneHus noHOB Pb?" u3 BOJHOI cpembl.
KmoueBble ciaoBa: FesOs, nonsl Pb?', amcop6ums, Y®-Bua cnekrpockonus, FTIR, usorepmuueckue mopenu, JIeHrmrop,
Dpeitnmnx, JJyOnHuH-PagykeBiy, 04HCTKA OT TSOHKEIBIX METAJIIOB.

REMOVAL OF PB? IONS FROM AQUEOUS SOLUTIONS USING FE:0,-BASED ADSORBENT: SPECTROSCOPIC
CHARACTERIZATION AND ISOTHERM ANALYSIS
Annotation
In this study, a magnetite-based adsorbent was synthesized and its adsorption properties were comprehensively investigated for the
purpose of effectively removing Pb*" ions from aqueous solutions. FTIR analysis was performed to identify structural and surface
functional groups. The results confirmed the preservation of the FesO4 core and the presence of functional groups such as —-OH, —
NH, C=0, and C-O on the adsorbent surface, indicating the formation of active sites for interaction with heavy metal ions. The
adsorption of Pb?" ions was monitored using UV-Vis spectroscopy. The regular decrease in absorbance intensity over time
indicated a decrease in the concentration of lead ions in the solution and the effective progress of the adsorption process. Isotherm
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analyses were performed based on the Langmuir, Freundlich, and Dubinin—Radushkevich models. The results showed that the
adsorption process mainly reflects a monolayer coverage mechanism along with the partially heterogeneous nature of the surface.
Energetic analysis confirmed the important role of ion-surface interaction.

The results obtained indicate that the magnetite-based adsorbent is a promising material for effectively removing Pb?* ions from
the aqueous environment.

Keywords: FesOs, Pb*" ions, adsorption, UV-Vis spectroscopy, FTIR, isotherm models, Langmuir, Freundlich, Dubinin—
Radushkevich, heavy metal removal

Introduction. One of the major water pollutants is heavy metals because this type of material is not biodegradable and
accumulates in living organisms[1]. Thus, due to their toxicity and carcinogenic effects, heavy metal removal is a challenging task.
Copper, lead, and chromium ions in industrial wastewater are toxic heavy metals of particular concern[2-4]. Currently, various
approaches have been proposed for heavy metal removal from industrial wastewater. However, adsorption is preferred among them
due to its advantages, including effectiveness, ease of operation, broad adaptability, high efficiency, and low cost[5]. Thus, various
sorbents such as activated carbon, zeolites, biomass, and nanomaterials have been proposed[6]. Among the available adsorbents,
nano-sized materials are promising and have been widely used for environmental treatment and remediation because nanomaterials
exhibit high chemical activity and adsorption capacity[7, 8]. In this manner, magnetic nanoparticles are widely used in water
treatment due to their ease of separation. Another type of nanoadsorbents are carbon nanostructures such as carbon nanotubes,
graphene oxide, nanocarbons, and carbon nanocomposites[9].

On the other hand, nanocomposites exhibit improved or unusual properties, leading to the development of innovative
applications. One of the important types of nanocomposites is magnetic carbon dots nanocomposites. Magnetic carbon dots
nanocomposites show great application potential in various fields. In this way, magnetic carbon dots nanocomposites have been
used to remove heavy metal ions[10-12]. Recently, FesOs/Carbon dots magnetic nanocomposite was introduced as a new
synergistic nanozyme. In this study, the applicability of FesO4/Carbon dots magnetic nanocomposite as a nanoadsorbent for the
removal of heavy metal cations, namely Pb(ll) ions, was investigated. In this way, the mechanism of the adsorption process for
cations was obtained by calculating kinetic parameters and the interaction between isotherm models.

Required Reagents. carbon dots, sodium hydroxide FesOa, Pb(NOs)., HC1

Synthesis. Initially, carbon dots were dissolved in water, and a specific ratio of magnetic FesO4 nanoparticles was added.
The mixture was stirred under heating for 4 hours. The resulting product was washed several times with water and ethanol to
remove excess substances. The product was separated from the solution using a magnetic field and then dried.

Analysis of results. The composition of the best product obtained in pure form was examined using FTIR spectroscopy.
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Figure 1. FTIR spectral analysis of FesO4 and Fes04/CD

The synthesized FesOs and FesO./CD nanocomposite samples were analyzed by FTIR in the range of 4000-500 cm™
(Figure 1.). In the spectrum of pure FesOs, a strong peak observed in the 570-590 cm™ region corresponds to the Fe—O stretching
vibration, confirming the successful formation of the magnetite phase. In the FesO./CD nanocomposite spectrum, additional
characteristic peaks appeared. The broad peak around 3400 cm™ corresponds to —OH/~NH groups and the peak around 1600 cm™
corresponds to C=0 or COO" vibrations. Strong peaks in the 1000-1200 cm™ range indicate C-O—-C and C-O bonds. At the same
time, the Fe—O signal in the 570-590 cm™ region was also preserved in the composite. The results indicate that the surface of FesOa
was successfully modified with carbon functional groups while preserving the FesOas core. These functional groups can increase
the adsorption activity of the material.
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Figure 2. UV-Vis Analysis of Pb* Ton Adsorption
The UV—Vis spectra of the Pb** ion solution before adsorption and at different contact times were analyzed in the 190-300
nm range (Figure 2.). In the initial solution, a clear maximum absorption (Amax) is observed around ~205-210 nm. This peak is
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specific to Pb** ions and represents the initial concentration in the solution. After adding the adsorbent, the overall intensity of the
spectrum decreases regularly over time. In this case, the maximum wavelength remains almost unchanged, meaning that the peak
position is maintained without shifting. This indicates that no new absorption centers were formed during the adsorption process,
but rather that Pb?* ions moved from the solution to the adsorbent surface. The preservation of the spectrum shape and only the
decrease in intensity indicate that the process is mainly related to the decrease in concentration. According to Beer—Lambert's law,
the decrease in absorbance value confirms the decrease in the amount of Pb?" in the solution. The sharp decrease in absorption with
increasing time indicates that the adsorption process is actively occurring and that the system is gradually approaching equilibrium.
Overall, the UV—Vis results confirm that Pb*" ions were effectively removed from the solution and that the adsorption process
occurred gradually, depending og time.
A

Figure 3. The adsorption isotherm data
in terms of Langmuir (A), Freundlich
EC (B). and Dubimin—Radushkevich (D-R)
: (C) isotherm models.

o

To evaluate the adsorption behavior of Pb?" ions, the experimental results were analyzed based on the Langmuir,
Freundlich, and Dubinin—-Radushkevich (D-R) isotherm models (Figure 3.). The observation of linear dependencies in the obtained
graphs indicates that the adsorption process occurs in accordance with the isothermal models. The results of the Langmuir model
indicate that the adsorption process mainly occurs based on monolayer coverage, meaning that Pb?" ions fill the active sites on the
adsorbent surface. The Freundlich model, on the other hand, shows that the adsorbent surface is somewhat heterogeneous and that
there are centers with different energies. The analysis of the Dubinin—Radushkevich model confirms that the ion-surface interaction
is energetically significant in the process. Thus, the isotherm results show that the adsorption of Pb?" ions occurs through a complex
but orderly mechanism, and that the process involves monolayer coverage along with the energetic heterogeneity of the surface.

Conclusion. In this study, a magnetite-based adsorbent was synthesized, and its effectiveness in removing Pb*" ions from
aqueous solutions was comprehensively investigated. FTIR analysis results confirmed the successful formation of the Fe304 core
and the presence of functional groups such as —OH, —NH, C=0, and C-O on the adsorbent surface. These functional groups were
found to serve as active sites interacting with heavy metal ions.

UV-Vis spectroscopic results showed an effective reduction of Pb** ions from the solution over time, confirming that the
adsorption process was consistent and efficient. Analyses based on isotherm models indicated that the adsorption process mainly
occurs through a monolayer coverage mechanism, while also showing that the adsorbent surface has a certain degree of
heterogeneous character. Energetic evaluation results confirm the important role of ion-surface interaction.

Overall, the results obtained indicate that the magnetite-based adsorbent is a promising material for effectively removing
Pb?* ions from the aqueous environment and justifies its potential application in the treatment of heavy metal-contaminated
wastewater.
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