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This study investigated the adsorption of crystal violet by magnetic active carbon
adsorbent synthesized from the abundant and low-cost Oleaster source. Carbon
charcoal was first prepared from the seed and peal of Oleaster, and two different
acidic and basic activating agents were used to activate it. Activated carbon
synthesized under optimal conditions (using Oleaster seed and acidic activator) was
modified by placing iron oxide nanoparticles on the surface. Effects of various
parameters, including pH, adsorbent dose, contact time, temperature, and dye
concentration, on the adsorption process of crystal violet were investigated. The
maximum adsorption capacity was obtained as 91.7431 mg/g under pH=8, adsorbent
dose 0.5 g/l, time 30 min, temperature 25 °C, and initial concentration 10 mg/I.
Examining isotherms and adsorption kinetics showed a better data fit with Langmuir
isotherm and second-order kinetics. Thermodynamic investigation indicated the
physical and exothermic nature of adsorption and spontaneous degree reduction at
high temperatures. The adsorbent regeneration tests confirmed its high ability to be
reused during consecutive cycles.
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1- Crystal violet

2- Basic violet

3- Gentian violet

4- Methyl violet 10B

5- Adsorption

6- Biosorption

7- Solvent extraction

8- lon exchange

9- Membrane filtration

10- Chemical precipitation
11- Oxidation

12- Electrochemical treatment
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Table 1: Specifications of Crystal Violet (CV) dye.

molecular formula Molecular Weight Chemical structure
CH, CHs

Crystal Violet

V) C2sH30CIN3

407.979 g/mol

| |
N N,
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3- Zongli Ren

4- Acid blue 80

5- 1 Lestari

6- Rhodamine B

7- Wenyan Jiang

8- Nour T

9- Coomassie brilliant blue
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2- Energy Dispersive X-ray Spectroscopy
3- Brunauer Emmett Teller
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Figure 1: Synthesis steps of magnetic activated carbon (Fe-AC) adsorbent.
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Table 2: Relations used for the calculations.

Dye removal R%= C XIOO

Equilibrium adsorption _(C-Co) <V

2 capacity YL~
Cm
3 Dye desorption D% = (C—)xloo
. Ce_ 1K LG
Langmuir isotherm Qe max'™L Gmax
5 RL:—1+KL .
6 Freundlich isotherm Ing =In KF+l InC,
¢ n
0= €XP(-BE%)
1
Dubinin—Radushkevich € :RTln(H —)
7 . C
isotherm 1
:WB
- RT
8 Temkin isotherm qe=b—(KT C.)
T
pseudo-first-order kit
J Kinetics log(q,-q,)=logq-5=7% 2.303
10 pseudo-second-order g4
Kinetics q, kq? q,
(Co-Ce) V
11 k= X —
C. M
12 Thermodynamic dzﬁ_ﬂ
ASe AHS
13 =
Ink 4 K RT

Co : Initial dye concentration (mg.L™%)
C.: equilibrium of dye concentration (mg.L?)
M: Adsorbent mass (g)
V: Volume of dye solution (L)
Cm: Concentration of released dye ( mg.L?)
C. : Concentration of dye after adsorption (mg.L™)

QOmax: Maximum adsorption capacity (mg.g™?)

0e: Equilibrium adsorption capacity (mg.g?)

K.: Langmuir adsorption constant (L.mg-1)
R : Dissociation constant

Ke: Freundlich isotherm constant ((mg.g?) (L.g ")
n: Adsorption intensity
B: D-R constant (mol? -kJ-2)
€: Polanyi’s potential
R: Global constant of gases (J.mol* K)
T: Absolute temperature (K)
E: Average absorbed energy (kJ.mol )

K+, br: Temkin constant (L-g %)

t: Time (min)
gr: Adsorption capacity at time t (mg.g?)
ki: Adsorption rate constant of PFO (min™)

ka: Adsorption rate constant of PSO (min™)

Kq: Equilibrium constant

AH°: Enthalpy (kJ.mol™)

AS°: Entropy (mol.kJ.K%)
AG°: Gibbs free energy (J.mol™)
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Figure 2: Performance of Os, Op, H,SO4-AC, AC-KOH, and Fe-AC
adsorbents in CV removal.
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Figure 3: SEM analysis images of: (a) OS, (b) OP, (c) H2SO4-AC, (d) AC-KOH, (e) Fe-AC before CV adsorption and, (f) Fe-AC after CV
adsorption.
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Figure 4: EDX-map analysis of Fe-AC adsorbent.
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Figure 5: BET analysis results: (a) BJH adsorption plot,
(b) adsorption-desorption plot and, (c) BET plot of Fe-AC adsorbent.
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Figure 6: Investigating the effect of parameters (a) pH, (b) adsorbent dose, (c) contact time, (d) temperature, and (e) initial dye concentration in CV
adsorption Fe-AC.
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Table 3: Constants and parameters determined using different isotherm models for the removal of CV dye by Fe-AC adsorbent.

Langmuir
dm(Mg/g) 91.7431
Ky (L/min) 1.9464
RL 0.0101-0.0488
R? 0.9903
Freundlich
n 3.5637
Kg(L/min) 51.9353
R? 0.9843
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Table 3: Continue.

D-R
gm(ma/g) 61.5592
Bx107 (mol? / ki? ) 0.0748
E(kJ/mol) 2.5854
R? 0.7420
Temkin
B(KJ/mol) 12.4240
Kr(L/g) 107.3085
R? 0.9342
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Figure 7: Linear relationship of adsorption isotherms on CV adsorption data (a) Langmuir (b) Freundlich (C) Dubinin-Radeshkovich, and (d)
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Table 4: Kinetic characteristics determined using different kinetic models in the adsorption of CV.

Parameter

Fe-AC

Pseudo-first-order
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Figure 8: : Kinetic models on CV adsorption data (a) pseudo-first-order, (b) pseudo-second-order.
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Figure 9: Linear relationship between In kq and 1/T in order to
determine the thermodynamic parameters of CV adsorption.
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Table 5: Thermodynamic parameters determined for the CV adsorption process by Fe-AC adsorbent.

T(K) AG°(kJ/mol) AS°(J/mol) AH*(kJ/mol)

298.15 -16.115
308.15 -11.438
Fe-AC -266 -94
318.15 -9.534
328.15 -7.981
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Table 6: Comparison of gmax Of different adsorbents in CV dye removal.

K*-cross-linked kappa-carrageenan nanocomposite beads
CarAlg/MMt nanocomposite hydrogels
NaOH-modified rice husk
Alginate-Calcium composite beads
Clin/Fe;04 nanocomposite
magnetic clinoptilolite granules
Sulphuric acid activated carbon (male flowers coconut tree)
Palm kernel fiber
Banyan leaf powder
Jackfruit leaf powder (JLP)

Uncalcined ball clay
Tomato plant root
Grafted sodium alginate/ZnO/graphene oxide composite
Magnetite alginate
Pineapple leaf powder
3-MPA@PM NPs
Wood apple
Chitin nanowhiskers
Eucalyptus camdulensis sawdust-derived biochar (Ec-bio)
Potassium hydroxide activated carbon (oleaster seed)
Activated carbon
Film/AC-Fe
Polymer composite
Modified kaoline
Charred Rice Husks (CRH)

Carbon embedded zeolite from rice husk (Z-RHA)
Silica aerogel
Polyacrylamide-grafted Actinidia deliciosa
activated carbon from poultry litter

Fe-AC

Y-
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84.7 (58)
88.8 (59)
44.9 (60)
29.0 (61)
44.0 (62)
15.7 (31)
85.8 (63)
78.9 (64)
81.0 (65)
433 (86)
48.9 (67)
83.3 (68)
13.8 (38)
375 (69)
78.2 (70)
88.6 (712)
40.1 (72)
59.5 (73)
54.7 (74)
89.2 (75)
35.6 (76)
30.30 (77)
20.92 (46)
20.64 (78)
62.85 (79)
19.28 (80)
50.12 (81)
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