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Simultaneous Adsorption of Methylene Blue and Crystal Violet Dyes from

Water Using Oleaster Seed-Based Magnetic Film and Granular Adsorbents
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1-  Ph.D. Student, Faculty of Chemical and Petroleum Engineering, University of Tabriz, P.O.Box: 1647151666
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Abstract
Magnetic adsorbents based on oleaster seed were synthesized in two forms, film and granular, using
an optimized alginate gelation method, and employed for the simultaneous removal of crystal violet
and methylene blue dyes. The effects of operational parameters, including solution pH, adsorbent dose,
contact time, temperature, and initial dye concentration on adsorption efficiency, were investigated.
BET and SEM analyses revealed that the Film Activated Carbon (FAC) had a higher specific surface
area and a more uniform pore distribution, thus offering a higher adsorption capacity compared to the
Granular Activated Carbon (GAC). Experimental data were fitted to the Langmuir, Freundlich,
Dubinin-Radushkevich, and Temkin isotherm models, as well as first-order, second-order, and Elovich
kinetic models. The highest adsorption capacities for crystal violet and methylene blue were 11.49 and
13.69 mg/g, for the FAC, and 9.73 and 10.20 mg/g for the GAC. Thermodynamic results indicated that
the adsorption process for both adsorbents was spontaneous and exothermic. The findings highlight

high potential of bio-based adsorbents for the simultaneous removal of organic pollutants from water.

Keywords: Granule, Film adsorbent, Magnetic activated carbon, Simultaneous adsorption, Cationic

dye.
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Figure 1: Overview of the method of synthesis of adsorbents and the adsorption process
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Figure 2: Image of FAC and GAC adsorbents in dry state
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Figure 3: SEM images, a and b) before and after simultaneous adsorption of CV and MB by FAC adsorbent and ¢ and d)

before and after adsorption of CV and MB by GAC adsorbent, respectively.
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Figure 6: Effect of adsorbent dose on simultaneous adsorption of CV and MB dyes on (a) GAC and (b) FAC adsorbents
under conditions of (pH = 8, temperature 25°C, contact time 60 min and concentration of 10 mg/L of CV and MB dyes)
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Effect of contact time on simultaneous adsorption of CV and MB dyes on (a) GAC and (b) FAC adsorbents, :Figure 7
under conditions (pH = 8, adsorption kinetics diagrams (c) Pseudo-first order, (d) Pseudo-second-order and, (€) Elovitch
temperature 25 °C, adsorbent dosage 2 g/L and concentration 10 mg/L of CV and MB dyes)

FAC 5 GAC slacdl> Ly MB 3 CV ylojed iz lp (Suitinw slaJae 5l ool cavs sl pal )b g s polio 1) Jgus
Table 1: Constant values and parameters obtained from kinetic models for simultaneous adsorption of CV and MB by GAC
and FAC adsorbents

I R R
Pseudo-first-order

Qe.exp(MQ/Q) 3.8520 4.0710 3.6655 3.8410
S T N N
R? 0.9868 0.9936 0.9818 0.9754
[ Pesdoswndorder ]
Qe.cal(Mg/g) 4.6948 4.5766 4.5248 4.6296
I I I
K(I/min) 0.0058 0.0104 0.0057 0.0064
! |
Elovich
G Y T I T
B(g/mg) 0.9708 1.2406 0.9982 1.0101
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Figure 8: Effect of initial concentration of CV and MB dyes on adsorbent (a) GAC and, (b) FAC ,plots of adsorption
isotherms (c) Langmuir, (d) Freundlich, (e) D-R and, (f) Tamkin under conditions (pH = 8, temperature 25 °C, adsorbent
dosage 2 g/L and contact time 120 min)
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Table 2: Values and parameters obtained from the isotherm for simultaneous adsorption of CV and MB by GAC and
FAC adsorbents

Parameter FAC GAC

Langmuir

K(L/min) 0.2558 0.2354 0.3312 0.4083

0.9992 0.9947 0.9913 0.9844

2.8113 2.4090 2.9682 2.9248

0.9492 0.9322 0.8728 0.8413

gm(ma/g) 9.0250 10.5909 8.1661 9.2073

E(kJ/mol) 7.6843 6.8230 8.3742 6.4349

Temkin

Kr(L/g) 2.8162 2.1160 3.2135 3.4379
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Figure 9: Effect of temperature on the adsorption efficiency of CV and MB on (a)
Adsorption thermodynamic diagrams (vant Hoff relationship) under condition ) (p
dosage 2 g/L, contact time 120 min and concentration of C
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Table 3: Thermodynamic values and parameter imultaneous adsorption of CV and MB by GAC and FAC adsorbents
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Table 4: Comparison of results of different studies on CV and MB absorption

Adsorbent Omax Type Ref.
CcVv MB
FAC 30.30 32.25 Film (16, 65)

GAC 14.28 16.66 Granule a7)
Alg/Clin/Fe3Oq 11.77 13.85 Granule (66)
TLAC/Chitosan composite 2.37 - Granule (67)
Starch-g-poly (acrylic acid)/ZnSe 10.00 - Granule (68)
Activated Carbon/Zn/Alginate 6.69 - Granule (69)
Rutaceae vila Fruit Shell carbon 0.18 - Powder (70)
Soil-silver nanocomposite 1.91 - Powder (72)
Activated charcoal/B-cyclodextrin/Alg - 2.07 Granule (72)
Grape stalks (AC) - 7.81 Powder (73)
Sugarcane bagass (AC) - 6.7 Powder (74)
Zeolite -X - 1.93 Powder (75)
MZ/CS/AL biocomposite - 0.99 Granule (76)
Chitosan-polyglycidol complexes - 8.37 Granule 77)
Bottom ash 3.06 41 Powder (78)

FAC 11.49 13.69 Film This study

GAC 9.73 10.20 Granule This study
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