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EXTENDED ABSTRACT

Introduction: The Earth's surface is covered by 75% water. However, only 3% of this water is
freshwater, and just 1% of that freshwater is accessible for human consumption. In most
instances, humans are responsible for introducing pollutants into water. Dyes are among the
most significant pollutants found in textile wastewater. As a result of its economic feasibility
and high selectivity, adsorption has gained widespread popularity as a technique for treating
organic dyes. In this research, a novel magnetic adsorbent was developed and utilized to remove
certain toxic dyes.

Material and Methods: In this research, Gum Arabic has been utilized as a natural and
biodegradable polymer for the preparation of an effective adsorbent. To enhance the surface
area, efficiency and stability of this natural polymeric adsorbent, citric acid has been employed
as a green crosslinker. According to our findings, ,Gum Arabic has been polymerized for the
first time with citric acid as a crosslinker and utilized for the removal of cationic dyes.
Additionally, a crosslinked Gum Arabic polymer synthesized using citric acid has been
incorporated with magnetite nanoparticles, ensuring its facile recovery from the medium upon
application of a magnetic field. Furthermore, the prepared magnetic Gum Arabic was employed
for the removal of Crystal Violet (CV), Malachite Green (MG), and Methylene Blue (MB) dyes
from aqueous samples.

Results and Discussion: In this study, the impact of various parameters, including initial dye
solution concentration, solution pH, contact time between the adsorbent and the dye solution,
adsorbent dosage, and dye solution temperature, on the removal efficiency of cationic dyes
from aqueous samples was investigated. According to the results, the adsorption capacity of the
adsorbent (CL-GA/FesOs) increased with increasing dye solution concentration, reaching
maximum levels of 209.80, 205.12, and 177.12 mg/g for MB, CV, and MG, respectively.
Additionally, the removal efficiency for these dyes increased with increasing solution pH,
reaching 99.43% (MB), 97.13% (MG), and 96.62% (CV) at a pH of 6. Furthermore, the removal
efficiency of dyes increased with increasing adsorption temperature, indicating an endothermic
process. It is noteworthy that in this study, both MB and MG dyes reached their maximum
removal efficiency after 20 min. In contrast, CV reached its maximum removal efficiency
within a 15-min time frame. In this investigation, the Langmuir model showed a significantly
better fit to the adsorption data compared to the Freundlich model, indicating its accuracy in
describing monolayer adsorption. Additionally, this study revealed that the obtained adsorption
kinetic data fit well with the pseudo-second-order model. This suggests that chemisorption
likely plays a significant role in the rate-limiting step of the adsorption process.

Conclusion: In this research, a novel nano adsorbent (CL-GA/Fes0s4) based on crosslinked
Gum Avrabic with citric acid and magnetized with FesO4 nanoparticles was employed for the
removal of cationic dyes. To validate the effectiveness of the (CL-GA/Fe30s) adsorbent,
various characterization techniques, including FT-IR, FESEM, EDX, Zeta potential, and VSM,
were employed. The findings of this study demonstrate the development of an innovative and
efficient adsorbent for dye removal, which holds significant importance in addressing
environmental challenges.
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Fig. 6- Effect of adsorbent dose on dye removal (conditions: temperature: 25°C, pH: 6, adsorption time: 15 min, and initial dye
concentration: 100 mg/L (20 mL))
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Table 1. Adsorption constants obtained from Langmuir and Freundlich isotherm models

R? K dn(Mg. g) Sy
Langmuir
0.999 0.322 212.77 MB
0.971 0.020 188.68 MG
0.998 0.077 208.33 Ccv
R? Ke N &
Freundlich
0.783 92.555 6.468 MB
0.921 18.642 2.537 MG
0.883 25.189 2.447 cv
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Table 2. Constant parameters of pseudo-first-order rate constants (PFO), pseudo-second-order rate constants (PSO)

R? qe (cal) Ki PFO
0.926 1.327 0.309 MB
0.895 3.900 0.305 MG
0.975 1.019 0.148 CVv

R? Qe (cal) K, PSO
0.999 20.62 0.140 MB
0.988 26.32 0.016 MG
1.000 19.49 0.268 Ccv
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Table 3- Various adsorbents based on modified Gum reported in scientific sources for color removal.
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Reference MaX|mur_n adsorption Isotherm Kinetic Model Analyte Adsorbent
capacity (mg/qg)
(Sharma, Kaith et al. 2019) 3.06 sl PFO MG GA-SA
7.55 cVv
(Gaurav Sharma, Amit Kumar et al. 2018) 90.90 5eSSY PSO cv GA-cl-poly(AAm)
(Abu Elella, EIHafeez et al. 2019) 450 R Y, PSO cv TMC/XG
(Sharma, Kaith et al. 2019) - adgi B PSO CV  Xan-Aca-cl-poly(AAm)
c EY
9SSy
(Liang, He et al. 2019) 184.2 5eSSY PSO GV CoFe, 04 AC
(Elella, Sabaa et al. 2019) 625 RS PSO cVv XG-PVI
Jabli, Almalki et al. 2020) 58 ERIRYY PSO MB SAB
75 SAB@Ce545
6.8 SAB@ A-carr-Cp
6.5 SAB@CMC
(Gautam, Hooda et al. 2020) 403.78 RSN PSO Ccv MGO/CH
332.61 MB
(Mittal, Morajkar et al. 2020) 766.52 RS PSO MG GA-cl-PAM
(Wadhera, Jindal et al. 2020) 16.50 Tlodip pgalY PSO (GrA-Psy)-cl-PAA
(Ibrahim, Elkony et al. 2021) 655.2 RSN PSO MB GA/AA/AHPS
(Hussain, Khan et al. 2021) 220.21 RS PSO PB GG/NIWO,
170.42 CcVv
(Nguyen, Ngwabebhoh et al. 2022) 13.49 ENIRYC PSO CcV GG/BC
212.77 MB
yol> asllas 188.68 ey PSO MG CL-GA/Fe;04
208.33 CVv
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