
Accepted Manuscript

Title: Modified natural zeolite using ammonium quaternary
based material for Acid red 18 removal from aqueous solution

Authors: Nezam Mirzaei, Hamid Reza Ghaffari, Kiomars
Sharafi, Azad Velayati, Gholamreza Hoseindoost, Shervin
Adabi, Amir Hossein Mahvi, Ali Azari, Kavoos Dindarloo

PII: S2213-3437(17)30251-8
DOI: http://dx.doi.org/doi:10.1016/j.jece.2017.06.008
Reference: JECE 1670

To appear in:

Received date: 25-12-2016
Revised date: 29-5-2017
Accepted date: 1-6-2017

Please cite this article as: Nezam Mirzaei, Hamid Reza Ghaffari, Kiomars Sharafi,
Azad Velayati, Gholamreza Hoseindoost, Shervin Adabi, Amir Hossein Mahvi, Ali
Azari, Kavoos Dindarloo, Modified natural zeolite using ammonium quaternary based
material for Acid red 18 removal from aqueous solution, Journal of Environmental
Chemical Engineeringhttp://dx.doi.org/10.1016/j.jece.2017.06.008

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

http://dx.doi.org/doi:10.1016/j.jece.2017.06.008
http://dx.doi.org/10.1016/j.jece.2017.06.008


1 
 

Modified natural zeolite using ammonium quaternary based material for Acid red 18 

removal from aqueous solution 

Nezam Mirzaei1, Hamid Reza Ghaffari2,  Kiomars Sharafi3, Azad Velayati4, Gholamreza Hoseindoost1, 

Shervin Adabi5, Amir Hossein Mahvi6, 7, 8*, Ali Azari6, Kavoos Dindarloo2 

1) Department of Environmental Health Engineering, Faculty of Health, Kashan University of 

Medical Sciences, Kashan, Iran 

2) Department of Environmental Health Engineering, Faculty of Health, Hormozgan University of 

Medical Sciences, Bandar Abbas, Iran. 

3) Environmental Health Engineering Department, Public Health School, Kermanshah University of 

Medical Sciences, Kermanshah, Iran. 

4) Student Research Committee, Sabzevar University of Medical Sciences, Sabzevar, Iran. 

5) Environmental Health Research Center, Kurdistan University of Medical Sciences, Sanandaj, Iran. 

6) Department of Environmental Health Engineering, Schools of Public Health, Tehran University of 

Medical Sciences, Tehran, Iran. 

7) Centre for Solid Waste Research, Institute for Environmental Research, Tehran University of 

Medical Sciences, Tehran, Iran. 

8) National Institute of Health Research, Tehran University of Medical Sciences, Tehran, Iran. 
*Corresponding Author: Phone: +982188954914; Fax: +98216462267; E-mail: ahmahvi@yahoo.com   

Abstract  

The aims of this study were to modify 

local clinoptilolite zeolite (CZ) to 

surfactant modified form and 

investigate its potential for acid red 18 

(AR18) removal from aqueous 

solution. 

Hexadecyltrimethylammonium 

chloride (HDTMA-CL) was applied to 

promote the adsorption capacity of 

CZ. X-ray diffraction (XRD), X-ray 

fluorescence (XRF), and scanning 

electron microscopy (SEM) were 

utilized to determine physical, 

chemical, and morphological 

properties of raw and modified CZ. 

Batch experiments were carried out to 

investigate the isotherms and kinetic 

models of AR18 adsorption on 

surfactant modified clinoptilolite 

zeolite (SMCZ). Besides, the effect of 

contact time and initial dye 

concentration on removal efficiency 

were examined. Nonlinear isotherms 

and kinetic models was obtained using 

Goodness of fit (GooF) method. Also, 

removal mechanism was discussed. 

Higher removal efficiencies were 

observed as the detention time was 

increased and the process reached to 

the equilibrium during 150 min. GooF 

results showed that the best isotherm 

for a description of adsorption 

n Tempkin isotherm model equilibrium binding 

constant (L/g) 
TA 

Number of parameters within the isotherm 

equation 
p Initial sorption rate (mMol/g min) ea 

Maximum monolayer coverage capacities 

(mg/g) 
0Q Langmuir isotherm model constant (L/mg) b 

Amount of adsorbate in the adsorbent at 

equilibrium (mg/g) 
q

e
 Desorption constant (g/mMol) eb 

Calculated amount of adsorbate in the 

adsorbent at equilibrium (mg/g) 
e,calcq Tempkin isotherm model constant (KJ/Mol) Tb 

Experimental amount of adsorbate in the 

adsorbent at equilibrium (mg/g) 
e,expq Adsorbate initial concentration (mg/L) C0 

Theoretical isotherm saturation capacity 

(mg/g) 
sq Equilibrium concentration (mg/L) eC 

Gas constant (J/Mol K) R Intraparticle diffusion constant (mg/g) iC 

Amount of dye adsorbed at time t tq Pseudo-first-order rate constant (1/min) 1K 

Separation factor RL Pseudo-secondorder rate constant (g/mg min) 2K 

Detention time (min) t Radushkevich isotherm model constant –Dubinin

)2/kJ2(Mol 
adk 

Absolute temperature(K) T )1/2Diffusion coefficient (mg/g min  ik 

Reactor volume (L) V Freundlich isotherm model constant (mg/g) related 

to adsorption capacity 
FK 
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