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Article Info ABSTRACT

Article type: Background and Objectives: Human development and rapid population
Full Length Research Paper  growth exert significant pressure on the quality and accessibility of water
resources. The discharge of pollutants from various industries significantly
affects the quality and accessibility of water resources. Among these

Article history:

Received: 09.21.2025 pollutants, dyes are major contaminants originating from industries such as
Revised: 10.29.2025 food processing, tanning, pulp and paper, textiles, and chemicals. When
Accepted: 10.30.2025 released into water systems, dyes make the water unsuitable for use and

challenging to treat due to their complex molecular structure and synthetic,
stable, and degradation-resistant nature. Different technologies have

Egm?rrfs' been ap_plied for d)_/e removal from aqu_eous_environments, including
Kinetic, coagulation/flocculation, ion exchange, biological treatment, advanced
Methylene blue, oxidation processes, and adsorption. Among these, adsorption is
Pine wood powder, recognized as one of the most efficient and versatile techniques for
Surface adsorption wastewater treatment. In this study, the potential of Pinus eldarica wood

powder as an adsorbent for removing a cationic dye from an aqueous
solution using a batch adsorption method was investigated.

Materials and Methods: The adsorbent, with a mesh size of 60, was
prepared from waste Pinus eldarica wood. To enhance its adsorption
capacity and activate its surface sites, the wood powder underwent alkaline
treatment with NaOH. Methylene Blue was selected as the model cationic
dye. The effects of adsorbent dosage, pH, and contact time on the removal
efficiency (%R) were analyzed. The physico-chemical characteristics of the
NaOH-treated wood powder were examined using FE-SEM, BET, XRD,
and FTIR analyses.

Results: FTIR analysis confirmed successful chemical modification of the
wood powder. The BET surface area of the treated sample slightly
increased compared to the untreated one, indicating improved adsorption
characteristics. XRD results showed a rise in the crystallinity index after
chemical treatment. The maximum dye removal was achieved at pH 6.5, an
adsorbent dosage of 1.24 g, and a contact time of 65 minutes. FE-SEM
images revealed significant changes in surface morphology after
adsorption, with dye particles clearly covering the treated wood powder
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surface. Adsorption kinetics were evaluated using pseudo-first-order and
pseudo-second-order models. The results fitted the pseudo-second-order
model more accurately, suggesting chemical adsorption. Equilibrium data
were analyzed using Freundlich and Langmuir isotherms, both of which
described the adsorption process; however, the higher correlation
coefficient from the Freundlich model indicated a better fit. The maximum
adsorption capacity predicted by the Langmuir model increased with
temperature, showing that adsorption was enhanced at higher temperatures.

Conclusion: In general, Pinus eldarica wood powder proved to be an
effective adsorbent for Methylene Blue removal. Among the factors
examined, adsorbent dosage had the most significant influence on dye
removal efficiency, followed by contact time.
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1- Adsorbate
2- Adsorbent
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1- Thermogravimetric analysis
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Figure 1. The structure of methylene blue dye.
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Table 1. Influencing variables and their investigated levels for the methylene blue dye removal process using
pine wood powder adsorbent.

s
Levels A1 b, 55t
Unit Factors
-1 0 +1
4 6.5 9 - pH(A)
o3l s
0.3 0.65 1 mg ' ..
Adsorbent dosage (B)
s Independent
30 65 100 min o variables
Time (C)

1- Central composite design
2- Response surfaces methodology
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R% o B A Run
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Figure 3. FE-SEM images of raw wood powder samples (a), after alkaline treatment (b), and after dye
adsorption (c). Images were obtained at magnifications of 1000x (top) and 5000x (bottom).
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Table 3. BET analysis results of unmodified and modified pine wood powder.
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Table 4. The crystallinity degree of the wood powder and the wood powder after alkali treatment.
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Figure 4. Comparison of X-ray diffraction patterns of raw wood powder (a) and wood powder after alkaline
treatment (b).
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Figure 5. FTIR spectra from the analysis of initial pine wood powder samples (a), after alkali treatment (b),
and after dye adsorption (c).
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Figure 6. a) Proposed adsorption mechanism of methylene blue (37) on b) pine wood powder.
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Table 5. ANOVA analysis results for the methylene blue dye removal process using modified wood powder adsorbent.

P-value F-value N ans s
Sum of squares Model
<0.0001 430.44 20.33
0.0052 12.67 0.0665 A
<0.0001 544.79 2.86 B
<0.0001 305.79 1.60
Significant < 0.0001 812.24 4,26 AB
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0.0029 15.24 0.0800 BC
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<0.0001 1515.84 7.96 B?
<0.0001 224.31 1.18 Cc?
Not significant 0.5786 0.8299 0.0238 LOF"
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Table 6. Statistical data obtained for the dye removal percentage model (26R).
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Figure 7. Three-dimensional plots related to the binary interaction of variables influencing the process of
methylene blue dye removal from water using pine wood powder adsorbent on the %R response.
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Figure 8. Kinetic graphs of a) Pseudo-first order, b) Pseudo-second order.
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Table 7. Kinetic parameters obtained from fitting the experimental data.
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Figure 9. Diagram resulting from fitting Langmuir (a) and Freundlich (b) adsorption isotherms to
experimental data.

@,‘JA’} K J.IL&N 6\.&ch}1| ‘h..e_,s sﬁf’.’: 6\.{“:‘: Q;h?" ;Jf‘}‘ﬁ }‘ a.\.ﬁ&:—al’u le.&jﬂ‘)lg’ ‘8 d}-\?
Table 8. Parameters calculated from linear fitting of experimental data by Langmuir and Freundlich isotherms.

2SN e 55! LS ez
Langmuir isotherm Freundlich isotherm Te (K)
R? R K. Om R? N Ky
0.983 0.077 0.0595 24.57 0.995 1.374 1.2644 298
0.988 0.092 0.0491 26.98 0.9936 1.2580 1.1590 308
0.986 0.1208 0.03637 29.325 0.9907 1.1527 1.0417 318
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