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Crystal violet dye removal was investigated using activated carbon adsorbent
prepared from oleaster peel and seed. The effects of the various parameters were
examined, including the adsorbent dosage, the contact time, the initial dye
concentration, pH, and temperature. The results showed that the maximum dye
removal capacity occurred at a contact time of 45 minutes, pH=8, ambient
temperature, the dose of 1 g/L, and initial dye concentration of 50 ppm for the
adsorbent prepared from oleaster seed and the dose of 1.5 g/L and initial dye
concentration of 30 ppm for the adsorbent prepared from oleaster peel. Under
optimal conditions, the crystal violet dye removal efficiencies were obtained as
98.67 % and 96.22 % for adsorbents prepared from seed and peel, respectively. The
maximum adsorption capacity for adsorbents prepared from oleaster seed and peel
was 89.2 and 44.8 mg/g, respectively. The experimental results were in good
agreement with the Langmuir isotherm. Moreover, it was found that the crystal violet
dye removal followed the pseudo-second-order kinetic model as a spontaneous
process.
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Figure 1: Chemical structure of crystal violet dye.
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Figure 2: FTIR spectra of pyrolyzed peel (PP), activated peel (ACP),
pyrolyzed seed (PS) and activated seed (ACS) samples.
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Figure 3: SEM images of a) Pyrolyzed seed (PS) b) Activated seed (ACS) c) Pyrolyzed peel (PP) d) Activated peel (ACP).
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Table 1: Results of EDS analysis on different synthesized samples.

Element
Adsorbent

Pyrolyzed seed (PS) 79.08

Pyrolyzed peel (PP) 70.19 5.40
Activated seed (ACS) 86.8 3.81
Activated peel (ACP) 85.10 5.41
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Figure 4: Investigation of the effect of adsorbent dose on the removal efficiency of crystal violet dye at 45 minutes adsorption time, initial dye
concentration of 20 ppm, temperature 25 °C and pH =6.
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Figure 5: Investigation of the effect of contact time on the removal efficiency of crystal violet dye at initial dye concentration of 20 ppm, temperature
25°C, pH =6 and dose 1 g/L for ACS adsorbent and 1.5 g/L for ACP adsorbent.
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Figure 6: Diagram of pHzec determination for ACS and ACP adsorbents.
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Figure 7: Investigation of the effect of pH on the removal efficiency of crystal violet dye at initial dye concentration of 20 ppm, temperature of 25
°C, dose 1 g/l for ACS adsorbent and 1.5 g/l for ACP adsorbent and contact time of 45 minutes.
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Figure 8: Investigation of the effect of initial dye concentration on crystal violet dye removal efficiency at temperature 25 °C, pH = 8 and dose 1 g/l
for ACS adsorbent and 1.5 g/l for ACP adsorbent and contact time of 45 minutes.
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Figure 9: Investigation of the effect of temperature on the removal efficiency of crystal violet dye at initial dye concentration of 50 ppm and 30 ppm
for ACS and ACP adsorbents, pH = 8 and a dose of 1 g/l for ACS adsorbent and 1.5 g/l for ACP absorber and 45 minutes contact time.
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Figure 10: Diagrams of isotherms a) Langmuir and b) Freundlich c) Dubinin—Radushkevich.
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Table 2: Parameters obtained by Langmuir, Freundlich and Dubinin—Radushkevich isotherms for the process of adsorption of crystal violet dye by
ACS and ACP adsorbents

dm (Ma/g) 89.289 44.843
Langmuir K (L/mg) 0.560 0.929

R. 0.015-0.151 0.009-0.096
R? 0.999 0.968
n 3.945 3.283
Freundlich Ke 51.676 18.098
R? 0.822 0.798
gm (Mg/g) 66.867 35.556
Dubinin-Radushkevich B*107 (mol? Kj?) 0.659 0.773
E (KJ.mol?) 0.086 0.804
R? 0.779 0.927
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Table 3: Kinetic parameters determined by pseudo-first order, pseudo-second order, intra-particle diffusion and Elovitch for the crystal violet dye
adsorption process using ACS and ACP adsorbents.

d. (My/g)
Pseudo-first order Ceexp (MQY/Q)
K1 (1/min)
RZ
g (Mg/g)
Pseudo-second order Ceexp (MQ/Q)
K (1/min)
RZ

ki (mg/g.min*?)

Intra-particle diffusion C
RZ
a (mg/g. min)
Elovitch B (g/mg)
RZ

26.891 10.264
19.144 12.179
-0.111 -0.073
0.913 0.933
21.882 13.793
19.144 12.179
0.004 0.007
0.995 0.996
1.717 1.068
5.141 3.437
0.826 0.817
5.039 2.945
0.214 0.342
0.945 0.942
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Figure 11: Investigation of kinetic models a) pseudo-first order b) pseudo-second order c) Intra-particle diffusion d) Elovitch on crystal violet dye
adsorption using ACS and ACP adsorbents.
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Figure 12: Linear relationship of Ln kd in terms of 1/T to determine the thermodynamic parameters of crystal violet dye adsorption.
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Table 4: Thermodynamic parameters determined for the crystal violet dye adsorption process using ACS and ACP adsorbents.

25

AS° (J/mol)

-10.675 54.084 217.004
35 -11.825 e
ACS 45 -16.062 e
55 -17.736 e
65 184708
25 -8.024 19.017 91.163
35 8100 e -
ACP 45 -10 461 BRI
55 SEEEES | e | o
65 SULEE | s |
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Table 5: Comparison of qmax Obtained for different adsorbents to adsorb crystal violet dye.

Sulphuric acid activated carbon (male flowers coconut tree) 85.8 [26]
Phosphoric acid activated carbon (male flowers coconut tree) 60.4 [26]
Magnetized zeolite extracted from fly ash (powder) 0.97 [37]
Alginate/clinoptilolite/Fe;O,4 (granules) 12.4 [39]
Nanomagnetic iron oxide 16.5 [40]
Magnetically modified spent grain 40.2 [41]
Pinus bark powder 32.8 [42]
Palm kernel fiber 789 [43]
Potassium hydroxide activated carbon (oleaster seed) 89.3 This study
Potassium hydroxide activated carbon (oleaster peel) 44.8 This study
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