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In the present work, walnut shell was used as the main raw material
for synthesizing activated carbon adsorbent, and its efficiency was
investigated for the removal of reactive dye Brilliant Red HE-3B from
textile wastewater. Adsorption equilibrium experiments were
conducted within the concentration range of 10-60 mg/L at three
temperatures of 25, 35, and 45°C. According to the results, with the
increase in temperature, the adsorption capacity decreases. Also, as
the dye concentration increased, the adsorption capacity increased
while the dye removal percentage decreased. The maximum
adsorption capacity was 33.55 mg/g at an initial dye concentration of
60 mg/L, and the highest dye removal efficiency was 87.7% at Co=10
mg/L and a temperature of 25°C. Equilibrium data at the three
temperatures were analyzed by the Langmuir and Freundlich
isotherm models, and the Langmuir isotherm presented a better
agreement according to the higher correlation coefficient.
Thermodynamic calculations revealed that the adsorption process
was spontaneous (AG<0), exothermic (AH<0), and accompanied by a
decrease in entropy (AS<0). The enthalpy of the reaction was obtained
-35.97 kJ/mol, indicating that physical adsorption dominated and Van
der Waals forces played a major role. The results of this study
demonstrated that the synthesized adsorbent is effective for the
removal of the reactive dye Brilliant Red HE-3B from aqueous
wastewater.
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EXTENDED ABSTRACT

Introduction

Dyes are chemical substances commonly utilized in the food, paper, and textile sectors.
Particularly in the textile sector, a variety of synthetic dyes that are more compatible with
textile fibers are employed to color fabrics. Consequently, a significant amount of
wastewater containing numerous and varied dyes is generated daily by these industries,
potentially resulting in environmental and public health issues if not adequately treated.
The adsorption process has attracted considerable attention for dye removal due to its
low cost, environmental friendliness, and ease of operation. Activated carbon has
extensive capabilities in wastewater treatment due to properties such as high specific
surface area, the presence of abundant functional groups, chemical stability, high
adsorption efficiency, porous structure, and thermal stability. Activated carbon
production from biomass is carried out through physical or chemical activation.

In this research, the walnut shell was initially used as a raw material to produce
activated carbon, with phosphoric acid as the activating agent, and then, the effectiveness
of the created sorbent in eliminating the reactive dye brilliant red HE-3B found in textile
wastewater was investigated. Additionally, equilibrium and thermodynamic data
regarding adsorption were analyzed to comprehend the adsorption mechanism of this
dye onto the activated carbon. It is important to emphasize that, until now, no research
has been conducted on the removal of this dye using an adsorbent derived from walnut
shell, making the application of this adsorbent for this purpose a novel aspect of this study.

Methodology
First, 0.1 g of the brilliant red reactive dye HE-3B with a molecular weight of MW =
1430 g/mol was dissolved in 1 liter of distilled water and then used to prepare the
solutions with concentrations of 10, 20, 30, 40, 50, and 60 mg/L. 0.1 M NaOH and 0.1 M
HCL adjusted the pH to 2. Dye adsorption experiments with the prepared activated carbon
were performed at 25, 35, and 45 °C. The final concentration was detected by a vis-UV
device with a wavelength of A = 530 nm. The amount of dye adsorbed at equilibrium qe
(mg g-1) was calculated by following equation:
CO — Ce *\/ )
W

q:

Then, the equilibrium and thermodynamic data of the adsorption were obtained to
understand the adsorption mechanism of the dye onto activated carbon.

Results and discussion

It was observed that the adsorption equilibrium of the dye decreased with an increase
in temperature, indicating the exothermic nature of the adsorption reaction. On the other
hand, the adsorption equilibrium of dye increased with an increase in temperature,
suggesting that the adsorption of this dye onto AC is an endothermic process. Figure 1 shows
the nonlinear fitting of the experimental results with the two Langmuir and Freundlich
models. The parameters obtained from fitting the experimental data with these two
equilibrium adsorption models, along with the nonlinear regression correlation coefficients,
are listed in Table 1. According to the obtained data, of the two models, the Langmuir
isotherm adsorption model had a better fit than the Freundlich isotherm model. In fact, the
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dye adsorption in the monolayer coating on the surface of the activated carbon occurred
without significant intermolecular interactions with the adsorbed molecules. Furthermore,
the parameters obtained from fitting the adsorption isotherms show that increasing the
adsorption temperature caused a decrease in the values of all the parameters. The decrease
in these parameters indicates the tendency of the adsorbent surface and its capacity to
increase at lower adsorption temperatures.
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Figure 1. Nonlinear fit of experimental data with Langmuir and Freundlich models.

Table 1. Equilibrium model constants for dye adsorption by the prepared AC sample..

Freundlich Langmuir
T(°C) K n R? K R? R
F Om L L
25 8.459 2.353  0.999 40.697 0.146  0.987 0.10-0.41
35 57128  2.057  0.987 40.019 0.086  0.999 0.16-0.54
45 3.9975 1.848 0.977 39.628 0.057  0.995 0.23-0.64

The results also demonstrated that with an increase in the initial concentration, the
equilibrium adsorption capacity of the dye also increases. At lower initial concentrations,
the formation of a monolayer on the adsorbent's external surface is likely the rate-
controlling factor for adsorption. Under these conditions, the adsorption process occurs
more rapidly. However, most of the active sites on the adsorbent remain unsaturated,
leading to a decrease in adsorption capacity. Additionally, the removal efficiency decreases
as the initial concentration increases. At higher concentrations, the ratio of dye molecules to
adsorption sites rises, resulting in lower adsorption efficiency. In other words, at higher
concentrations, more dye molecules remain in the solution, reducing the percentage of
adsorption. These changes are less significant at lower concentration ranges, as the ratio of
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dye molecules to available active sites is lower, making the adsorption efficiency less
dependent on the initial concentration.

Conclusion

In this study, the walnut shell was used as the initial raw material for the synthesis of
activated carbon adsorbent, and its efficiency for removing the reactive dye solution of
brilliant red HE-3B was investigated at three temperatures of 25, 35, and 45 C. The results
showed that by increasing the initial concentration of the dye solution, the adsorption
capacity increased, and in the highest case, at a concentration of 60 mg/L, 33.55 mg/g was
achieved. In contrast, the percentage of dye removal decreased with increasing the initial
concentration and reached a maximum dye separation rate of 87.7% at a concentration of
10 mg/L and a temperature of 25 °C. The results obtained from fitting the equilibrium
adsorption data with adsorption models showed that the Langmuir model described the
behavior of the experimental data better than the Freundlich model. The value of the
dimensionless separation factor was in the range between 0-1, which indicated that the
adsorption process was favorable, especially at lower temperatures. The obtained
thermodynamic parameters showed that the adsorption process of the brilliant red reactive
dye HE-3B on the synthesized adsorbent was exothermic, spontaneous, and physical. The
results of this study illustrated that the synthesized adsorbent is effective for the removal of
the reactive dye HE-3B from aqueous wastewater.
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