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ABSTRACT

Textile industries generate a substantial amount of wastewater that contains
significant quantities of dyes and hazardous metals, and their discharge into water
sources is detrimental to humans, aquatic animals, and microorganisms. In this
study, the adsorption process of reactive blue 21 dye with activated carbon has
been investigated using the density functional theory (DFT) method. SEM, FTIR,
XRD, and zeta potential analyses characterized the properties of the adsorbent.
Based on the Box-Benken model results, under optimal conditions, a removal
efficiency of 74.48% was obtained at an adsorbent dose of 3 g/L, pH 3, contact time
of 30 min, and dye concentration of 10 mg/L. The adsorption process followed the
Langmuir isotherm and the pseudo-second-order kinetic model. The mechanism of
the adsorption process of reactive blue 21 dye on activated carbon was proposed
using density functional theory and analysis of the adsorbent characteristics,
including electrostatic interactions, hydrogen bonding, and n-m stacking.
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Figure 1: Image of (a) SEM, (b) FTIR spectrum, and (c) XRD
analyses of activated carbon prepared from date palm fibers.
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Table 2: Box-Behnken design and response function value.

Adsorbent dose (g/L) Dye concentration (mg/L)
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Figure 2: (a) Plot of experimental data versus predicted data, and (b) normal probability plot for reactive blue 21 dye removal by activated carbon.
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Table 3: Results of analysis of variance (ANOVA) for removal of
reactive reactive blue 21 dye by activated carbon.
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Figure 3: Effect of parameters on the removal efficiency of reactive blue 21 dye by activated carbon.
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Figure 4: Effect of pH on reactive blue 21 dye adsorption efficiency
by activated carbon.
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Figure 5: (a) Langmuir, (b) Freundlich, and (c) Dubinin-Radushkevich isotherm models for reactive blue 21 dye adsorption by activated carbon.
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Table 4: Langmuir, Freundlich and Dubinin-Radushkevich isotherm
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7 et S parameters of reactive blue 21 dye adsorption by activated carbon.
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Figure 6: (a) Pseudo-first-order (b) Pseudo-second-order and (c) Intraparticle diffusion kinetic models for reactive blue 21 dye adsorption by
activated carbon.
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Figure 7: Reusability of activated carbon in the removal of reactive
blue 21 dye.
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Table 5: Pseudo-first-order, Pseudo-second-order and Intraparticle
diffusion kinetic model parameters for the adsorption of reactive blue
21 dye on activated carbon.

Kinetic model Kinetic coefficients

ks (1/min) 0.006

Pseudo-first-order g. (mg/g) 1.073
R? 0.056

k2 (9/mg min) 0.252

Pseudo-second-order 0. (Mg/g) 2.425
R? 0.971

kip (Mg/g min0.5) 0.386

e [ € g
R? 0.836

Suzxo odliw! Cculsld —A-Y
ob ST, 1355, Qi a5 > iy jo 3l 5l susee eolau] colild

Joloee Lol lax Q3> ol a3 2 5o 5l g B ()2 T

YAV F(E-E)10 /) s » wolallhae (sole ag yuini



w03 3gs Jlad (335 (590 22 98 95 S1HTS) A Salyd Jw ) e/ UL 9 SIS YLD Ayl

051500959 5 (SLoog S (o (Selinsly Sl Mg ais 10 5 L3>
sl JsSse (-80%) e Jb b Slgilgus slaog,S o ilr laws
2,5 9l | s Gl B il guls 098 e VY b 52251, 1555,
oais lis aS og g Lo +V/T (Jd S Uy Jenily Hlase
9 1) sb 95T, 1355, (sl (slagSge o Soslinly Sl wign
1S b 45 05 e i FTIR _eicinbs el bl haus
OS5 Se) Slge Sl a8 ceul il Jlele slaog S 55l b
JonS 9908 (slaog )5 a5 sl (il g Juige S JonS g 008 slog 5)
S isn JoSas slp 1) sl oher T s o
w2l B VY sl 95T, SIS, Sl 5o (5T 5 03955 bl
loog)S o Wlgi oo N iSieo p Cuols )3 TV TA) aiiS o
ox S 5 23 mhaw 59y GiaNer 9 OieST G9 Sl saSTaal
& VY sk 55T, G135, Sileg| (sladil> ;0 (T pinw) (59,251
O3l 1y ol anl )3 Wilg g T 1S 00wl oo Lid 45 was
69y 2 VY sk 581, S5, iz gl g5l conlplis (F]) aao
(Siaed Wem «SSlile Sl STy Gl 1) JW8 0n)S

(A ) o )5 slgainy o Sill la iaS oo

3590 Oldlao U pile andllan dwo lio —Ye-Y
eiz Sed b b Loy i Slea by JUd (S casdllas ol o
35 obal y ek Gile Sy oy 4o 15 ke VY- OF
ol cd 318 solai il 0,50 VY ol 58T, (61555, Bas ayl )8
boaglio jo ol O3 YL o1 cnmo i Qi o8 b
? Jgaz y0 a5 cewl Ko Sldlas o solatw! 5,90 sladl> ple
Sldlas plo [0 35250 loosls b gl cpl avglae .l ouls &l
i JleaBangs Jld ()5 3l L cudib aS was e ol
Sisle Jdo ey cplas ojls J13 oYL v jo casdlas cpl o Lo y>

ol ol sl o colus § Jodse haw

caliSre gdls lawgs VY gl 5351, 61550, Bis danslie i Jgus
Table 6: Comparison of Reactive Blue 21 dye removal by different

adsorbents.
Adsorbent type AdsorptrlT?apaCIty Ref.
Palm fiber activated 13.054 This
carbon study
Natural zeolite 9.65 (40)
Polyurethane foam 8.31 (41)
Tio, 22.79 (42)
Acid-treated palm shell 24.866 43)
powder
Sesame stalk activated 29 (14)
carbon
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Figure 7: (a) Molecular electrostatic potential maps, (b) HOMO surface electron density, (c) LUMO surface electron density, and (d) Mechanism of
the adsorption process of reactive blue 21 dye molecule on activated carbon.
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