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Effective adsorption of 2-nitroaniline from wastewater applying mesoporous 
material MCM-48: equilibrium, isotherm, and mechanism investigation

Alyaa E. Mahdia, Nisreen S. Alib, Hassan Sh. Majdic, Talib M. Albayatia,*, 
Mahir A. Abdulrahmana, Dheyaa. J. Jasimd,e, Khairi R. Kalashf, Issam K. Salihc

aDepartment of Chemical Engineering, University of Technology-Iraq, 52 Alsinaa St., P.O. Box: 35010, Baghdad, Iraq,  
emails: Talib.M.Naieff@uotechnology.edu.iq (T.M. Albayati), Alyaa.E.Mahdi@uotechnology.edu.iq (A.E. Mahdi), 
mahir.a.abdulrahman@uotechnology.edu.iq (M.A. Abdulrahman) 
bMaterials Engineering Department, College of Engineering, Mustansiriyah University, Baghdad, Iraq, 
email: nisreensabah@uomustansiriyah.edu.iq (N.S. Ali) 
cDepartment of Chemical Engineering and Petroleum Industries, Al-Mustaqbal University, Babylon 51001, Iraq, 
emails: hasanshker1@gmail.com (H. Sh. Majdi), Dr_IssamKamil@mustaqbal-college.edu.iq (I.K. Salih) 
dDepartment of Petroleum Engineering, Al-Amarah University College, Maysan 
eGeneral Company for Food Products, Ministry of Industry and Minerals, Baghdad 10011, Iraq, 
email: dhyiaa.joumaa@alamarahuc.edu.iq (D.J. Jasim) 
fEnvironment and Water Directorate, Ministry of Science and Technology, Baghdad, Iraq, email: khairirs@gmail.com (K.R. Kalash)

Received 6 March 2023; Accepted 28 June 2023

a b s t r a c t
In this work, the MCM-48 mesoporous material was prepared and characterized to apply it as an 
active adsorbent for the adsorption of 2-nitroaniline (2-nitrobenzenamine) from wastewater. The 
MCM-48 characterizations were specified by implementing various techniques such as scanning
electron microscopy, energy-dispersive X-ray analysis, X-ray diffraction, Brunauer–Emmett–Teller
surface area, pore-size distribution, and Fourier-transform infrared spectroscopy. The batch adsorp-
tion results showed that the MCM-48 was very active for the 2-nitroaniline adsorption from waste-
water. The adsorption equilibrium results were analyzed by applying isotherms like Langmuir
and Freundlich. The Langmuir isotherm was used to calculate the theoretical and experimental
maximal adsorption capacity of 100 and 65 mg/g, respectively. The Langmuir model is superior to
the Freundlich model for the adsorption of 2-nitroaniline onto the mesoporous material MCM-48.
The results demonstrated that the kinetics models of the adsorption are very fast and close to the
pseudo-second-order model. The findings of adsorption isotherms and kinetics studies indicate
the adsorption mechanism is a chemisorption and physical adsorption process.
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