
Accepted Manuscript

Nano zirconium silicate coated manganese dioxide nanoparticles:
Microwave-assisted synthesis, process optimization, adsorption
isotherm, kinetic study and thermodynamic parameters for
removal of 4-nitrophenol

Mohamed E. Mahmoud, Gehan M. Nabil

PII: S0167-7322(17)31726-9
DOI: doi: 10.1016/j.molliq.2017.05.075
Reference: MOLLIQ 7367

To appear in: Journal of Molecular Liquids

Received date: 22 April 2017
Revised date: 16 May 2017
Accepted date: 16 May 2017

Please cite this article as: Mohamed E. Mahmoud, Gehan M. Nabil , Nano zirconium
silicate coated manganese dioxide nanoparticles: Microwave-assisted synthesis, process
optimization, adsorption isotherm, kinetic study and thermodynamic parameters for
removal of 4-nitrophenol, Journal of Molecular Liquids (2017), doi: 10.1016/
j.molliq.2017.05.075

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/10.1016/j.molliq.2017.05.075
http://dx.doi.org/10.1016/j.molliq.2017.05.075
http://dx.doi.org/10.1016/j.molliq.2017.05.075


AC
CEP

TE
D M

AN
USC

RIP
T

 

1 
 

Nano Zirconium Silicate Coated Manganese Dioxide Nanoparticles: 
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Kinetic Study and Thermodynamic Parameters for Removal of 4-Nitrophenol  
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Abstract 

          The adsorption behavior and interaction of 4-nitrophenol (4NP) with a novel 

designed nanoadsorbent were investigated and optimized by the batch technique, 

using a green chemical process via solvent free microwave-assisted coating of 

zirconium silicate with manganese dioxide nanoparticles (ZrSiO4–MnO2-NPs).  

The assembled nanosorbent was characterized by XRD, FT-IR, TGA and SEM 

techniques. The high resolution transmission electron microscopic analysis (HR-

TEM) has confirmed the nanosize range (3.15 – 8.59 nm) of ZrSiO4–MnO2-NPs. 

The adsorption reactions were optimized in presence of different experimental 

parameters such as pH, contact time, nanosorbent dose, initial concentration of 

4NP, other coexisting species and reaction temperature. The presence of coexisting 

NaCl, KCl, CaCl2, NH4Cl and MgSO4 with 4NP was found to strongly influence 

the adsorptive removal process. The adsorption mechanism of 4NP onto ZrSiO4–

MnO2-NPs was found to fit well with the pseudo-second order model (R
2
 = 0.999-

1.000) compared to pseudo-first order, intraparticle diffusion, Elovich and 

fractional power models. The adsorption processes were found to obey the 

Langmuir, Freundlich, Temkin and Sips models, also the characterized values of 

ΔG°, ΔH° and ΔS° confirmed the spontaneity and endothermic behaviors. 

Excellent recovery values for removal of 4NP (4.0-6.0 and 8.0 mgL
-1

) were 

established for real water samples such as tap water (93.068-98.54%), industrial 

wastewater (88.86-92.27%) and sea water (82.72-88.31%). 
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