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Removal of humic acid from aqueous media using magnetite nanoparticles

Behzad Shahmoradia,*, Kitirote Wantalab, H. Jaria, Yahya Zandsalimia, S. Mohammadlooa, 
Afshin Malekia, H.P. Shivarajuc, Seok-Soon Choid, Seung-Mok Leee,*
aDepartment of Environmental Health Engineering, Faculty of Health, Kurdistan University of Medical Sciences, Sanandaj, 
Iran, emails: bshahmorady@gmail.com/bshahmoradi@muk.ac.ir (B. Shahmoradi), hannahjari94@gmail.com (H. Jari),  
yzandsalimi@gmail.com (Y. Zandsalimi), salar.mhmdlo@gmail.com (S. Mohammadloo), maleki43@yahoo.com (A. Maleki) 
bDepartment of Chemical Engineering, Faculty of Engineering, Khon Kaen University, Khon Kaen, Thailand,  
email: kitirote@kku.ac.th (K. Wantala) 
cDepartment of Water and Health, Faculty of Life Sciences, JSS Academy of Higher Education and Research,  
Sri Shivarathreeshwara Nagara, Mysuru – 570015, Karnataka, India, email: shivarajuenvi@gmail.com (H.P. Shivaraju) 
dDepartment of Biological and Environmental Engineering, Semyung University, Jecheon 27136, Republic of Korea,  
email: sschoi@semyung.ac.kr (S.-S. Choi) 
eDepartment of Health and Environment, Catholic Kwandong University, Gangnung 25601, Republic of Korea,  
email: leesm@cku.ac.kr (S.-M. Lee)

Received 7 April 2020; Accepted 6 September 2020

a b s t r a c t
Humic acid is one of the predominant organic substances in both surface and ground waters, 
creating an unpleasant taste and color in water. It is one of the most important precursors of 
disinfection by-products. Magnetite nanoparticles were synthesized through the chemical precip-
itation method. Removal of humic acid from aqueous solutions using magnetite nanoparticles was 
compared with commercial hematite nanoparticles by changing the effective parameters including 
pH, nanoparticle dosage, humic acid concentration, reaction time, and temperature. Moreover, the 
adsorption isotherms were evaluated using Langmuir and Freundlich models. The results showed 
that by increasing pH from 3 to 11, the efficiency of both nanoparticles decreased. The highest per-
formance of nanoparticles was achieved at pH = 3, nanoparticles dosage of 0.25 g/L, and contact time 
of 90 min. The isotherm graphs and linear regression coefficient values indicated that adsorption 
using hematite and magnetite fits the Langmuir models. The kinetic study showed that the adsorp-
tion using both hematite and magnetite follows second-order-kinetics. Both synthesized magnetite 
and commercial hematite show good performance for the removal of humic acid.
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