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Removal of phosphate from aqueous solutions using modified activated 
carbon prepared from agricultural waste (Populous caspica): optimization, 
kinetic, isotherm, and thermodynamic studies

Zeinab Gholamia, Seid Kamal Ghadirib, Moayed Avazpourc,d, Mohammad Alizadeh Farde, 
Nader Yousefia, Seyedeh Solmaz Talebif, Mohammad Khazaeig, Mohammad Hossien Saghih, 
Amir Hossein Mahvia,i,j,*
aDepartment of Environmental Health Engineering, School of Public Health, Tehran University of Medical Sciences,  
Tehran, Iran, emails: ahmahvi@yahoo.com (A.H. Mahvi), Zeinab.gholami_tums@yahoo.com (Z. Gholami) 
bDepartment of Environmental Health Engineering, School of Public Health, Shahroud University of Medical Sciences,  
Shahroud, Iran, email: Kamalgh2005@gmail.com 
cDepartment of Environmental Health Engineering, School of Public Health, Shahid Beheshti University of Medical Sciences,  
Tehran, Iran, email: m_f_1859@yahoo.com 
dDepartment of Environmental Health Engineering, Ilam University of Medical Science, Ilam, Iran 
eMichigan Technological University, Houghton, MI, United States, email: malizade@mtu.edu 
fDepartment of Epidemiology, School of Public Health, Shahroud University of Medical Sciences, Shahroud, Iran, email: Talebi_solmaz@yahoo.com 
gDepartment of Environmental Health Engineering, School of Public Health, Hamadan University of Medical Sciences,  
Hamadan, Iran, email: khazaei57@gmail.com 
hDepartment of Environmental Health Engineering, School of Public Health, Sabzevar University of Medical Sciences,  
Sabzevar, Iran, email: mohamadsaghi@gmail.com 
iCenter for Solid Waste Research (CSWR), Institute for Environmental Research (IER), Tehran University of Medical Sciences (TUMS), Tehran, Iran 
jNational Institute of Health Research, Tehran University of Medical Sciences, Tehran, Iran

Received 8 March 2018; Accepted 25 August 2018

a b s t r a c t
Activated carbon was successfully prepared from Populous caspica wood by a thermochemical reduc-
tion method and modified by grafting amine groups. In the batch tests, pH, initial phosphate con-
centration, reaction time, and adsorbent dose were evaluated to remove phosphate (PO4

3–) from the 
aqueous phase. The response surface method was chosen to study the composition effect of indepen-
dent input factors and one dependent output response (removal efficiency). The p-value (2.2 × 10−16), 
F-value (116.6), R2 (multiple: 0.9774, adjusted: 0.97), and lack of fit (0.167) indicated that the reduced
quadratic model is highly significant for the phosphate removal using aminated activated carbon. 
The maximum efficiency removal of phosphate (92.76%) was obtained at pH, initial phosphate con-
centrations, contact time, and adsorbent dose of 3, 10 mg L–1, 60  min, and 90  mg L–1, respectively. 
The adsorption data fitted well with the Freundlich isotherm and pseudo-second-order kinetic model. 
Therefore, the intraparticle diffusion was the dominant adsorption mechanism but it was not the sole 
rate controlling step. In addition, regeneration process with five repetitions of regeneration cycles 
showed high desorption efficiencies and slight loss of spent adsorbent initial adsorption capacity. 
Thus, the results recommended that modified activated carbon prepared from agricultural waste 
(P. caspica) could properly remove phosphate from aqueous solution.
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