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Figure 1: Chemical structure of Disperse Red 167 (35).

1. MP method
2. BJH method
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Table 1: Ultimate and proximate analysis of walnut shell and prepared adsorbent.

Ultimate analysis(%owt)

Proximate analysis (Yowt)

Sample _ _
Volatile “Fixed

walnut
shell 250
AC 84.12 2.54 0.56 0.00

49.21 64.79 26.65

12.78 4.34 24.78 3.45 67.43

" Calculated by difference
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Figure 2: Nitrogen adsorption—desorption isotherm of the synthesized activated carbon.
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Table 2: Textural Properties of the Prepared Activated Carbon Sample

SBET (mZ/g) Vmic (Cmglg) Vmes (CmS/g) Vtotal (CmS/g)
AC 0.54 0.09 0.63

1189 1.82

25 0.012
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0.008 -
a 151 -
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3 2
© 104
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Figure 3: a) Mesopore and b) micropore size distributions of walnut shell-based AC obtained by BJH and MP.
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Figure 4: SEM image of prepared activated carbon.
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Figure 5: Effect of the initial solution pH on the removal of DR167
dye (contact time: 1 h, initial dye concentration: 50 mg L%, and
temperature: 45°C).
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Figure 7: The effect of initial solution concentration on the
equilibrium adsorption capacity of the adsorbent and the percentage of

dye removal at different temperatures.
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Figure 6: Effect of contact time on the adsorptive uptake of DR167
onto prepared sample at 25 °C, pH=2, and Co,=50 mg/g.
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Figure 8: Nonlinear fitting of experimental adsorption data using the a) Langmuir, b) Freundlich, and c) Sips isotherm models, and d) the plot of the
dimensionless separation factor (R.) as a function of initial dye concentration at different temperatures.
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Table 3: Equilibrium model constants for dye adsorption by prepared activated carbon sample

Langmuir

Freundlich Sips

O
IS S IR BN N N N IV O N B

25 42.615 0.063 0.9983 0.21-0.61
35 44.861 0.091 0.9961 0.15-0.52
45 46.004 0.142 0.9911 0.11-0.41
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Figure 9: Kinetics of dye adsorption by walnut shell-based AC at
different temperatures.
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Table 4: Kinetic parameters of the different adsorption kinetics models.

Pseudo-first-order

Pseudo-second-order

25 25.62 10.74 23.43
35 29.36 13.04 26.81
45 32.96 16.40 30.32
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Figure 10: Calculation of the isosteric heat of dye adsorption onto
activated carbon adsorbent with different surface coatings.
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Figure 11: The isosteric heat of adsorption calculated from the
Clausius—Clapeyron equation as a function of dye uptake on the
synthesized activated carbon.

0.9692 0.48 27.32 0.9914
0.9727 0.55 30.57 0.9939
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Table 5: Thermodynamic parameters of dye adsorption onto activated
carbon.

(J/mol.K) (kJ/mol) (kJ/mol)
25

-1.03739 1.52
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Figure 12: Plot of In K4 versus 1/T.
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Table 6: Comparison of adsorption capacities and removal efficiencies of various adsorbents for disperse dyes.

Adsorption Capacity/ Experimental conditions Adsorbent
Removal Efficiency

86.1 mg/g pH=6, C,=500 mg/L, T=298 K HPMA-co-EGDMA-co-GMA)-SO;H terpolymer resin Direct Red R
50 179.7 mg/g pH=6, C,=500 mg/L, T=298 K HPMA-co-EGDMA-co-GMA)-SO3H terpolymer resin Disperse Violet 28
51 118.93 mg/g pH=7, Co=125 mg/L, T=293 K AC Disperse Orange 25
- = - ; A - - Disperse Yellow
52 45.52 mglg pH=1.2, Cx=50 mg/L, T=296 K polyepicholorohydrin-dimethylamine/bentonite Brown S-2RFL
52 51.16 mg/g pH=1.2, C,=50 mg/L, T=296 K polyepicholorohydrin-dimethylamine/bentonite Disperse Red S-R
52 43.94 mglg pH=1.2, Cx=50 mg/L, T=296 K polyepicholorohydrin-dimethylamine/bentonite Disperse Blue SBL
52 28.46 mg/g pH=1.2, C¢=50 mg/L, T=296 K polyepicholorohydrin-dimethylamine/bentonite Disperse Yellow
53 93% pH=6, C¢=40 mg/L, T=318K zeolite Disperse Orange 25
53 89% pH=6, Cy=40 mg/L, T=318K zeolite Disperse Blue 79
_ pH=7, C,=30 mg/L, T=room .
54 Omax=122.13 mg/g temperature AC Disperse scarlet RR
55 80.56 mg/g pH=3, C,=30 mg/L, T= 297K montmorillonite Disperse Blue 56
55 97.72 mg/g pH=3, C,=30 mg/L, T= 297K montmorillonite Disperse Red 135
56 79 % pH=6, Co=40 mg/L, T=318K AC Disperse Orange 25
56 76% pH=6, C,=40 mg/L, T=318K AC Disperse Blue 79
57 99% pH=7, C,=200 mg/L, T=333K cellulose-based adsorbent Disperse Red 3B
This study 88% pH=2, Co= 50 mg/L, T=318K AC Disperse Red 167
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