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Abstract

In this study, the removal of acid blue 92 (AB92) dye was investigated Received: 13 March 2024
using black cumin as a natural adsorbent and the resulting activated Accepted: 17 September 2024
carbon. Activated carbon was produced from black cumin with the help of Page Number: 53-70

ultrasound and by Box-Behnken design. The results showed that activated
carbon as an adsorbent requires a small amount to achieve maximum
color removal. It was observed that increasing the AB92 concentration
from 10 to 50 mg/L led to a decrease in the removal percentage, dropping
from 96.75% to 89.38%. Adsorption isotherms and thermodynamics were
studied to compare the adsorption capacity, rate, and mechanisms.
The absorption process follows the Langmuir isotherm and
pseudo-second order model, which shows its spontaneity and exothermic
nature. As the dye concentration increases, the rate constant (k2)

decreases from 0.05 to 0.004 for black cumin and 0.135 to 0.003 Keywqrds:
activated carbon, which proves the competition for adsorption sites at Adsorption Process,
higher concentrations. The results showed that the interaction between Caraway,

the active sites on the surface of the adsorbent and the dye molecules Ac_tivated Carbon,
controls the adsorption process. Negative enthalpy values indicate Microwave,

an exothermic absorption process, where higher temperatures lead to RSM

increased dye removal.
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Table 1. Previous studies on the use of natural adsorbents for dye removal.

Adsorbant

Wood Acid blue 25
: Acid orange 12
Chitosan Acid orange 10

Direct red 23

Orange peel Direct red 80

Acid green 25
Nut shell Acid red 80
Lignin Cationic dyes
Coal Acid red 88

Sewage sludge Acid blue 74

Zeolite Basic red 22

Modified zeolite Reactive yellow 176

Adsorption capacity(mg.g™) Reference

7-11.6 [10]

99272239 1]

205 2

- [13]

- [14]

30.9 [15]

60.04 [16]

14.91 [17]

88.5 [18]
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Table 2. Coded variables and levels for RSM design.

Variable

Variable

Time (min) Time
Microwave power (watts) Power
The ratio of the weight of the AA
activator to the material

4 8 12
360 540 720
0.75 1.25 1.75

1. Response Surface Methodology
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Figure 1. FTIR spectra of activated carbon using different activating agents.
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Figure 5. The effect of the amount of black cumin on the removal of AB92. Initial dye concentration: 10 mg/L, pH=7.
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Figure 6. The effect of the initial concentration of the dye on the removal process, adsorbent dose = 0.8 g/liter, pH = 7.
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Table 3. Experimental design parameters and responses.

Time (X1,min) Power (Xz,W)
1 8 360
2 12 540
3 8 720
4 4 360
5 540
6 12 360
7 8 720
8 12 720
9 4 720
10 8 540
11 8 360
12 8 540
13 4 540
14 8 540
15 12 540

Ratio(Xs)

1.75
0.75
0.75
1.25
0.75
1.25
1.75
1.25
1.25
1.25
0.75
1.25
0.75
1.25
1.25

Dye removal (%)

95.07
58.88
7241
72.74
85.97
989.90
97.05
95.71
96.75
98.86
52.39
98.86
57.98
98.86
101.74

Predicted Experimental data

96.07
56.22
72.30
75.50
83.32
95.85
97.45
98.47
93.7

98.86
52.00
98.23
61.14
97.45
98.85

1585, Saa gl oadidalans (g S5 o S ¥ Jgua

Table 4. Regression coefficient calculated for dye removal.

Response

constant
Time
Power
AA
Time?
Power?
AAZ
[CoP
Time.Power
Time.AA
Power.AA

Dye removal (%0)

coeficient

98.864
4.827
5.275

17.052

-5.942

-1.966

-17.44

-12.970

-5.344
4381

-4.732

p-value
0
0.014
0.010
0
0.027
0.353
0
0
0.034
0.034
0.05

ANOVA slaJae j osslcsads (s lel (sladaiiic & Jgaa

Table 5. Statistical parameters obtained from ANOVA models.

Degree of

Freedom
Regression 9
Linear 3
Square 3
Interference 3
Residual error 5
Lack of fit 3
Error 2
Sum 14

Dye

0.001

4217.72
2735.05
1202.08
280.59
68.18
68.18
0
2485.89

468.64

911.68

400.69

93.53

13.64

22.73
0

43.37
66.86
29.39

6.86

0

0.001
0.032
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Figure 8. 3D diagram of relationship between independent factors.
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Figure 10. Langmuir isotherm for adsorption of AB92, black cumin (a) and activated carbon (b).
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Table 6. Isotherm parameters for dye adsorption on black cumin.

Adsorbant Langmuir
Om Ky R?
black cumin 59.88 0.95 0.989
Activated carbon 90.09 1.42 0.980

Br Kt R? Kr 1/n R?
12.27 11.01 0.93 25.79 1.41 0.821
7.3 67.12 0.902 62.58 0.11 0.931
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Figure 11. Pseudo-second order absorption of AB92 with: natural adsorbent (a) and activated carbon (b).
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Table 7. Kinetic parameters for adsorption of dyes on cumin and activated carbon.

Pseudo-first order

Pseudo-second order

Intraparticle diffusion

Co Qe e o) ki R?
10 1206 830 013 0979
20 2418 2037 011 0947

Black cumin

30 3628 2802 012  0.994
40 4488 4716 011  0.968
50 5325 5505 010  0.963
10 4979 187 0016 0115
Activated 20 9135 2905 0059 0973
Saicel 30 1183 4456 0050  0.857
40 1605 4407 0060 0971

Qe ka R? C K R?
12.40 0.05 0.99 3.83 1.34 0.722
25.15 0.017 0.997 6.59 2.80 0.767
37.73 0.011 0.997 9.66 4.27 0.781
47.61 0.005 0.994 9.25 5.49 0.868
57.14 0.004 0.989 9.97 6.78 0.836
49.75 0.135 1 43.5 1.44 0.479
93.45 0.006 0.998 62.04 4.13 0.958
117.4 0.003 0.993 81.7 4.22 0.942
163.9 0.003 0.999 1215 5.15 0.887
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