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ABSTRACT

Background and objective: Wastewaters including dyes produced by various industries have serious
destructive effects on the environment. Therefore, proposing analytical and numerical mathematics
methods simulating dye removal process from industrial wastewaters are great of importance.
Methods: In this research, the Fe;Ogy-activated carbon magnetic nanocomposite was synthesized and
its crystalline structure, surface, and magnetic properties were characterized by XRD, SEM, and VSM
techniques. Efficiency of the composite adsorbent for decolorization of Reactive Red dye in different
conditions was investigated. Then, an artificial neural network was constructed by using Matlab
program to predict the removal efficiency of dye onto magnetic activated carbon and the number of
neurons in a hidden layer was optimized. pH, contact time, initial dye concentration, and temperature
as input parameters and dye removal percentage as an output parameter were considered.
Performance of network after its training was evaluated based on the correlation factor. The
experimental data were analyzed by pseudo- first- order, pseudo- second- order , and intra-particle
diffusion kinetics models. The Langmuir and Freundlich models were used to describe the sorption
equilibrium isotherms.

Results: . The high correlation factor for testing data showed that artificial neural network model can
estimate the experimental data. The intra-particle diffusion kinetics and Freundlich isotherm models
best describe the experimental data for the uptake of dye. A relatively low activation energy (34.6 kJ
mol) suggests that the adsorption involve physio sorption. Maximum adsorption capacity decreased
with increasing temperature.

Conclusion: Use of network prediction resulted to eliminate experiments and to improve dye
removal percentage.
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Kinetics models Parameters Temperature (K)
283 293 298 303 313 323
Pseudo-first order k; (min~1) 0.3017 0.1598 0.2198 0.2492 0.2806 0.1249
Qecal (Mg g™) 43795 3.68 3.19 2.99 2.40 1.92
R? 0.9960 0.9908 0.9944 0.9935 0.9961 0.9985
" Pseudo- second order  k, (gmg min~1) 0.1182° 700592 0.1028 0.1234 7 0.1880  0.0752
Gecal (mgg™) 4.6386 4.06 3.48 3.25 2.58 2.19
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Isotherm models Parameters Temperature (K)
283 293 303 313 323
Langmuir Gm (mgg™1) 16.40 12.4041 9.6238 5.0215 4.4026
K, (Lmg™) 0.0489 0.0356 0.0261 0.02573 0.0183
R, 0.1697 02191 0.2766 0.2799 03534
R? 0.9918 0.9868 0.9899 0.9912 0.9951
Freundlich Ky (mg" ™7 L g1 1.9628 13313 0.7308 0.4009 0.2276
n 2.1680 22042 1.9652 2.0320 1.7828
R2 0.9940 0.9936 0.9965 0.9971 0.9974
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Temperature (K) AH (k] mol™?) AS (J mol~1K1) T AS (k] mol™?) AG (k] mol™1)

283.15 —8.4258 —9.0668
293.15 —8.7234 -8.7692
303.15 -17.4927 -29.7575 -9.0210 —8.4717
313.15 -9.3186 -8.1741
323.15 —9.6161 —7.8765
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Initial dye
Adrbent Adsorbate pH concentration (n?max_l) Ref.
(mg L) 99

Fe3Os- activated carbon Reactive Red 198 3.0 10-100 16.40 S{L}l‘c‘fy
Activated carbon Reactive Red 198 3.0 10-100 5.20 This

study
Moringa peregrina ash Readier Red 198 2.0 10-150 13.61 (491
Moringa peregrina ash Methyl Orange 2.0 10-150 15.43 [49]
Tannery sludge Reactive Red 31 2.0 10-60 39.37 (501
developed activated carbon
Tannery sludge Reactive Red 2 2.0 10-60 55.87 [50]
developed activated carbon
Zeolite  from fly ash-iron ) ive Orange 16 . PH- 5-11 1.06 [51]
oxide independent
Magnetic Orange G 2.0 10-150 20.85 [52]
graphene oxide
Activated carbon of thespesia Orange G Not cited 505 913 [53]
populneapods
Graphene oxide Direct Red 23 3.0 10-50 15.3 [54]
Activated carbon prepared Congo Red 4.0 20-80 6.7 [55]
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