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ABSTRACT

This study investigated the adsorption efficiency of iron oxide and hydroxyapatite
nanoparticles for the removal of the industrial dye Remazol Black B from aqueous
solutions. Experiments were conducted under varying conditions of pH,
temperature, contact time, and adsorbent dosage. Iron oxide nanoparticles
achieved 78.50% removal efficiency at pH 3, 35 °C, and 180 minutes, while nano-
hydroxyapatite showed 53.75% efficiency at 15 °C and 20 minutes. The adsorption
processes for both followed the pseudo-second-order kinetic model and the
Freundlich isotherm, indicating chemical adsorption and heterogeneous surface
interactions. Thermodynamic analysis revealed spontaneous adsorption in both
cases: endothermic for iron oxide and exothermic for hydroxyapatite. The
adsorption capacities were 22.46 and 25.36 mg/g, respectively. These results
confirmed the potential of these nano-adsorbents for dye removal and provided
insights into their thermodynamic behavior and relative performance. Each
adsorbent, depending on operational conditions, offers specific advantages and can
serve as an effective material for removing anionic dyes from industrial
wastewater, supporting the development of sustainable and efficient treatment
systems.
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Table 1: Physical, Chemical Properties, and Molecular Structure of Remazol Black B Dye.

Characteristic Value/Description

Common Name Remazol Black B

Synonym Reactive Black 5 (RB5)

Molecular Formula C26H21N5Na4O016S6

Dye Type Azo dye, anionic, reactive dye

Solubility in Water Highly soluble in water (due to sulfonate groups)

Amax (Maximum Absorption) Approximately 597 nm (in water)

Primary Application Textile industry (dyeing of cellulosic fibers like cotton)
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Figure 1: FTIR spectrum a) iron oxide, b) hydroxyapatite.
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Figure 4: XRD results, (@) iron oxide, and (b) hydroxyapatite.
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Table 2: BET analysis results of the adsorbents.

Average pore diameter specific surface area
nm m? gt

Total pore volume (cm?

25.71 24.80

36.36 56.72
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Figure 5: Effect of pH on zeta potential.
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Figure 7: Effect of pH on adsorption efficiency of Remazol Black B
dye (dye concentration: 50 ppm, solution volume: 0.025 L, adsorbent

mass: 0.075 g).
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Figure 6: Effect of adsorbent dosage on (a) adsorption efficiency and
(b) dye adsorption (dye concentration: 50 ppm in 0.025 L volume).
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Figure 8: Effect of contact time on adsorption efficiency of Remazol
Black B dye (dye concentration: 50 ppm, solution volume: 0.025 L,
adsorbent mass: 0.075 g, pH = 3).
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Figure 9: Effect of temperature on adsorption efficiency of Remazol Black B dye (dye concentration: 50 ppm, solution volume: 0.025 L, adsorbent
mass: 0.075 g, pH = 3)
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Table 3:Thermodynamic parameters of Remazol Black B adsorption by iron oxide and hydroxyapatite adsorbents.

Hydroxyapatite

AS (J mol?) AH (KJ mol?)

AG (KJ mol?) T (K) AS (J mol?) AG (KJ mol?) T (K)
288 - - 288

Iron oxide

-13.74 -16.11
- - -13.83 293 = - -13.48 293
+39 -2.08 -14.14 298 +69.37 +143.50 -15.15 298
_ - -14.20 303 - - -16.16 303
: - -14.37 308 - - -17.43 308
_ - -14.60 313 - - -15.53 313
: - -14.99 318 - - -17.27 318
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Figure 10: Fitting results of adsorption isotherm models for Remazol Black B dye: (a) Langmuir model for iron oxide, (b) Freundlich model for iron
oxide, (c) Langmuir model for hydroxyapatite, and (d) Freundlich model for hydroxyapatite.
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Table 4: Parameters of isotherm models for the adsorption of Remazol Black B dye on adsorbents.
Isotherm models
Langmulr Freundlich
Adsorbents q o (Ma/G) dm )
ex|
i (mg/g) L/g SSE | RMSE ((mg/g) (L/mg)“") R RMSE
Iron oxide 2246 2673 005 095 144 120 3.76 040 095 014 038
Hydroxyapatite 25.36 13514 0003 034 005 023 129 065 091 002 013
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Figure 11: Fitting results of kinetic adsorption models for Remazol Black B dye: (a) pseudo-first-order model for iron oxide, (b) pseudo-second-
order model for iron oxide, (c) pseudo-first-order model for hydroxyapatite, and (d) pseudo-second-order model for hydroxyapatite.
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Table 6:. Parameters of kinetic models for adsorption of Remazol Black B dye on adsorbents.

kinetic models

Pseudo first-order

Pseudo-Second —order

Adsorbents qexp
RMSE
(mg/g) (1/m|n) (mg/g) (mg/g)

Iron oxide

Hydroxyapatite 0.36 0.004 0.12 17.81
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Table 5: Comparison of the adsorption capacity of different adsorbents in removing dyes.

Adsorbent

Acid-modified pumice
Raw pumice
Bagasse
Zinc oxide (Zno)
Remazol Black B Fe;0s@Granite
Bacterial Cellulose
Cu/zeolite

Iron oxide

Hydroxyapatite

Adsorption Capacity (mg/g) References
10 (83)
5.26 (53)
7.5 (54)
0.77 (85)
29.85 (56)
17.51 (57)
0.43 (58)
22.46 This study
25.36 This study
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Figure 12: SEM images of nano adsorbents at isotherm stage after Remazol Black B adsorption: (a) hydroxyapatite, and (b) iron oxide.
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