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Abstract

Nowadays, wastewater treatment is important for eliminating organic and inorganic

contaminants. Among organic pollutants, colors have a great impact on environmental
pollution. Physical adsorption by activated carbons is very useful in removing pollutants and
wastewater treatment. In this study, an activated carbon fiber with high mechanical properties
and adsorption capacity was prepared through thermal stabilization and chemical activation of
acrylic fibers. Nitrogen adsorption/desorption analysis, Fourier transform infrared spectroscopy
(FTIR) and measurement of mechanical properties and iodine number were used to investigate
different characteristics of the obtained adsorbent. The potential of these new adsorbents for
removal of methylene blue (MB) from aqueous solution was investigated in the batch
experiments and the influence of main operating parameters, including pH, and the initial dye
concentration was studied. Rapid and relatively complete removal (about 95%) of MB dye was
achieved at the pH of 12 and initial dye concentration of 100 mg/L. Moreover, it was revealed
that the experimental data could be expressed well by the Langmuir and pseudo-second-order
model, such that the maximum amount of monolayer adsorption was about 324.83 mg/g. The
thermodynamic parameters indicated the spontaneous nature of the adsorption process.
According to all results, the mechanical properties and adsorption capacity of the fabricated
activated carbon fibers in comparison with other adsorbents exhibit relatively better properties.
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Table 1. Characteristics of the produced activated
carbon fibers

BET specific surface area (m’/g) 561

lodine number (mg/g) 874
Vmes (cm’/g) 0.0542
Vmic (cm’/g) 0.2512
Average pore diameter (nm) 2.7
Tensile strength (MPa) 431
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Fig. 2. Effect of initial solution pH on the removal of
MB on the ACFs (initial concentration = 150 mg/g)
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Table 2. Langmuir, Freundlich, Temkin and D-R
isotherm model parameters.

Langmuir isotherm

am (mg/g) 324.83
K. (L/mg) 0.047
R, 0.050
R’ 0.996
Aq. 3.078
Freundlich isotherm
1/n 0.538
K: (mg ““L/g) 27.714
R 0.935
Aq. 8.069
Temkin isotherm
Kr (L/mg) 1.054
RT/b; 74.116
R’ 0.983
Aq. 38.627
D-R isotherm
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E (kJ/mol) 0.353
R 0.834
Aq. 28.069
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Fig. 5. Fit of the Langmuir, Freundlich, Temkin and

D-R isotherms for MB adsorption on ACFs at 30 °C and
pH 6
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Table 3. The maximum adsorption capacity of some activated carbon fibers along with their operational conditions to
eliminate MB from aqueous solutions
Adsorbent pH Temperature Initial dm (mg/g) References
(°C) concentration
AACFs 6 30 50-400 mg/L 324.83 This study
Modified pitch-based ACFs n.a. 27 5x10° mol/L 295 (Lei et al., 2006
Activated carbon fiber n.a. 27 50-100 mg/L 99.30 Yang, 2008)
Jute fiber activated carbon 6 28 50-200 mg/L 225.64 (Senthilkumaar
et al., 2005)
Vegetal fiber activated 6 30 20-100 mg/L 40 (Cherifi et al.,
carbons 2013)
Resin coated glass fiber n.a. 25 400 mg/L 45 (Wei et al.,
based ACF 2015)
Cotton-based ACF 7 RT 200-800 mg/L 597 (Chiu and Ng,
2012)
Oil palm fiber activated 6.5 30 50-500 mg/L 277.78 (Tan et al.,
carbon 2007)
Piassava fibers activated n.a. 25 Up to 1000 mg/L 276.40 (Avelar et al.,
carbon 2010)
Cotton based activated 2-12 35 100-500 mg/L 476.19 (Duan et al.,
carbon fibers 2017)
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Fig. 7. Pseudo-second-order kinetics for adsorption Fig. 6. Pseudo-first-order kinetics for adsorption of MB
of MB adsorption by ACFs. adsorption by ACFs.
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Table 4. The pseudo-first and pseudo-second-order models kinetic parameters of MB adsorption on ACFs.
Initial MB Qe.exp Pseudo-first order parameters Pseudo-second order parameters
concentration  (mg/L) e, cal k R’ qe, cal k,x10° R’
(mg/L) (mg/L)  (min") (mg/L) (g/mg min)
50 46.361 31.037 0.124 0.905 46.511 25.824 0.990
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100 91.650 107.554 0.082 0.961 93.457 2.862 0.992
200 179.080  225.743 0.0314 0.967 204.081 0.163 0.994
300 251.849  296.189 0.0181 0.964 312.566 0.050 0.999
400 286.096  329.310 0.0159 0.944 344.827 0.046 0.999
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Table 5. Thermodynamic parameters for MB adsorption onto prepared ACFs at different temperatures

Standard enthalpy AH® Standard entropy AS° Gibbs free energy AG® (kJ/mol)
(kJ/mol) (kJ/mol K) 323 (K) 313 (K) 303 (K)
26.57 0.10 -7.52 -6.35 -5.41
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