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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in  

Fulfillment of the requirement for the degree of Doctor of Philosophy 

 

 

 PREPARATION AND CHARACTERIZATION OF 

Fe3O4/MONTMORILLONITE AND Fe3O4/TALC NANOCOMPOSITE FOR 

REMOVAL OF HEAVY METALS  

 

By 

 

KATAYOON KALANTARI 
 

January 2015 

 

 

Chairman: Mansor Ahmad, PhD 

Faculty: Science 

 

Toxic metal contamination in water systems is a serious problem threating environment. 

Many researches have been done to develop effective ways for the heavy metals 

removal. Traditionally methods used for removal have some disadvantages, such as low 

efficiency and high cost. Adsorption is one of the techniques use in this area due to its 

effectiveness and easy operation. In this work, Fe3O4/montmorillonite and Fe3O4/talc 

nanocomposites as nanoadsorbent were prepared by co-precipitation method in different 

percentages. The suitability of the magnetic nanocomposites for the adsorption of Cu2+, 

Ni2+ and Pb2+ ions and its efficiency were investigated. The Response Surface 

Methodology was used for designing the experiment sets. The analysis of variance for 

Cu2+, Ni2+ and Pb2+ removal was used to estimate the response of initial concentration of 

heavy metal ion (mg/L), removal time (s) and dosage of adsorbent (g). Transmission 

electron microscopy showed that the average nanoparticles size were between 8.24 to 

12.88 and 6.62 to 8.13 nm for Fe3O4/montmorillonite and Fe3O4/talc nanocomposites, 

respectively. Scanning electron microscopy showed that the nanoparticles were highly 

uniform in size and spherical shape. X-ray diffraction and Energy-dispersive X-ray, 

confirmed that magnetic nanoparticles were prepared. Vibrating sample magnetometer 

reveals the nanoparticles were superparamagnetic. The Fe3O4/montmorillonite 

nanocomposite showed a better capability for adsorption of heavy metals from aqueous 

solution. The best interpretation for the equilibrium data was given by Langmuir 

isotherm and the kinetic data showed that the adsorption process followed the pseudo-

second order kinetic model for both adsorbents. According to RSM results, for 

Fe3O4/montmorillonite nanocomposite, removal efficiency were 89.72%,94.89%, and 

76.15% while the removal time was 120s, Fe3O4/montmorillonite nanocomposite 

amount were 0.06, 0.08 and 0.08 g and initial heavy metal concentrations were 510.16 

for Cu2+, 182.94 for Ni2+ and 111.90 mg/L for Pb2+. Moreover for Fe3O4/talc 

nanocomposite, removal efficiency were 72.15%, 50.23%, and 91.35% while the 

removal time was 120s, Fe3O4/talc nanocomposite amount was 0.12 g and initial heavy 

metal concentrations were 100 for Cu2+, 92 for Ni2+ and 270 mg/L for Pb2+ ions. As a 

results two unique nano adsorbents made of montmorillonite and talc as a natural 
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substrate and loaded magnetic nano particles were used to rapid remove of Cu2+, Ni2+  

and Pb2+ ions from aqueous solution. The adsorbents can easily separate by an external 

magnetic field.  
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Abstrak tesis yang dikemukakan kepada senate Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Doktor Falsafah 

 

PENYEDIAAN DAN PENCIRIAN FE3O4/MONTMORILONIT DAN 

NANOKOMPOSIT FE3O4/TALKUM UNTUK PENYINGKIRAN LOGAM  

 

 

Oleh 

 

KATAYOON KALANTARI 
 

  Januari 2015 

 

 

Pengerusi: Mansor Ahmad, PhD 

Fakulti: Sains 

 

Pencemaran sistem air oleh logam toksik adalah masalah serius yang mengancam alam 

sekitar. banyak kajian telah dilakukan untuk mencari cara yang berkesan untuk 

menyingkir logam berat. Kaedah penyingkiran secara tradisi biasanya mempunyai 

beberapa kelemahan seperti kecekapan yang rendah dan kos yang tinggi. Penjerapan 

adalah salah satu teknik yang digunakan dalam bidang ini disebabkan keberkesanannya 

dan operasi yang mudah. Dalam kajian ini, nanokomposit Fe3O4/montmorillonite dan 

Fe3O4/talkum sebagai nanopenjerap telah disintesis melalui kaedah pemendakan 

bersama dalam peratusan yang berbeza. Kesesuaian  nanokomposit magnetik untuk 

penjerapan ion Cu(II), Ni(II) dan Pb(II) dan kecekapannya telah dikaji. Kaedah Respon 

Permukaan telah digunakan untuk mereka bentuk eksperimen. Analisis varians untuk 

penyingkiran Cu(II), Ni(II) dan Pb(II) telah digunakan untuk menganggar kepekatan 

awal ion logam berat (mg/L), masa penyingkiran (s) dan dos bahan penjerap (g). 

Mikroskopi transmisi elektron dan mikroskopi pengimbasan elektron menunjukkan 

bahawa purata saiz NPs untuk Fe3O4/montmorillonite dan nanokomposit Fe3O4/talkum 

masing-masing adalah di antara 8.24 nm ke 12.88 nm dan 6.62 nm ke 8.13 nm. 

Pembelauan sinar-X, Tenaga-serakan sinar-X, spektroskopi inframerah Transform 

Fourier dan magnetometer getaran sampel  telah digunakan untuk pencirian. 

Nanopenjerap magnet menunjukkan keupayaan yang baik untuk menyerap logam berat 

daripada larutan akueus. Isoterma Langmuir memberikan interpretasi terbaik untuk data 

keseimbangan dan data kinetik menunjukkan proses penjerapan mengikuti model 

perintah pseudo-kedua kinetik bagi kedua-dua penjerap. Menurut keputusan RSM, bagi 

nanokomposit Fe3O4/MMT, kecekapan penyingkiran ialah 89.72%, 94.89%, dan 76.15% 

manakala masa penyingkiran  ialah 120 s, kandungan nanokomposit Fe3O4/MMT ialah 

0.06, 0.08 dan 0.08 g dan kepekatan awal logam berat untuk Cu(II), Ni(II) dan Pb(II), 

masing-masing ialah 510.16, 182.94 dan 111.90 mg/L.Tambahan pula, untuk 

nanokomposit Fe3O4/talkum, kecekapan penyingkiran ialah 72.15%, 50.23%, dan 

91.35% manakala masa penyingkiran ialah 120 s, kandungan nanokomposit 

Fe3O4/talkum  ialah 0.12 g dan kepekatan awal logam berat untuk ion Cu(II ), Ni(II) dan 

Pb(II) masing-masing ialah 100, 92 dan 270 mg/L. Hasilnya, dua nanopenjerap unik 
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diperbuat daripada montmorilonit dan talkum daripada bahan semulajadi dan dimuatkan 

nanozarah magnet telah digunakan untuk menyingkirkan Cu (II), Ni (II) dan Pb (II) ion 

dari larutan akueus dengan lebih cepat. Penjerap tersebut boleh dipisahkan oleh medan 

magnet luar dengan mudah.  
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CHAPTER 1 

 

 

INTRODUCTION 

 
 

1.1 Background of Research 

 
The nanotechnology is one of the most widely fields in present study and improvement 

in fundamental of all technological disciplines, for examples polymer research and 

wide range of subjects (Paul and Robeson, 2008). As regards nano sized components 

possess a significant surface area for provided volume (Luo and Daniel, 2003), many 

essential chemical and physical interactions are influenced through their surface area 

and surface properties (Hussain et al., 2006). 

 

Recently nanomaterials have got drawn good attention because of they are employed 

in different applications regarding their outstanding and unique magnetic, optical, 

catalytic, biological, mechanical, and electrical properties. Application of 

nanomaterials could improve the environment and control the contamination, which 

create much more progresses environmental technology and engineering science (Shan 

et al., 2009). 

 

In nanotechnology field, polymer substrate focused nanocomposites have created a 

large amount of consideration in recent few years. This field emerged using the 

cognition that the clays with exfoliated structure can create important mechanical 

property benefits. Nanocomposites usually are consisting of building blocks 

components in the size of nm.  

  

The nanocomposite properties are established by the properties of each of the material 

and by the interactions between various phases and the interfaces between them. 

Nanocomposites promise to become the trend for the future, getting main ramifications 

for industries and technological area (Lee and Lichtenhan, 1999). 

 

Recently contamination of water by heavy metal ions has grown as an issue of interest. 

The activities of human and industries among many sources are the main reason for 

heavy metals contamination in the aquatic systems (Dirilgen, 2011). As the heavy 

metal ions are not biodegradable, their existence in water flows and lakes results in 

bioaccumulation in organisms, that represent a some sort of health hazard to humans 

Karatas (2012), animals Mishra et al. (2012) and, plants (Monferrán et al.). Metal ions 

like Ni(II), Pb(II), and Cu(II) are harmful and carcinogenic at even relatively low level 

concentration (Liu et al., 2008). 

 

 Among these heavy metal ions, Pb(II) is considerable pollution source of water, since 

they are traditionally used in a number of industrial procedures like metal mining, 

electronics, and petroleum refining (Freitas et al., 2008).  

The industries that use or make the nickel and nickel compounds or mining are the 

main sources of Ni(II) released to the environment. Contamination with Ni(II) lead to 

lung cancer (Sen Gupta and Bhattacharyya, 2008).  
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Copper originates from some industrial activities like printing and electronic 

processes. Cu(II) is an important element for human body. However, it may cause 

severe damages in high level concentrations. Many disadvantages have been reported 

for Cu(II) such as toxicity Chuah et al. (2005), neurotoxicity Papandreou et al. (2007) 

and dizzy feeling (Yu et al., 2000).  

 

Numerous techniques have been used for metal ions removing from aqueous solutions 

(Kul and Koyuncu, 2010). Among these techniques, adsorption method is accepted as 

one of the most promising and effective approaches (Crini, 2005). The significant 

benefit of adsorption is that adsorbent has high tendency and great level of loading 

capacity for heavy metal ion (Li et al., 2010). 

 

Among the available adsorbents, metal nanoparticles are categorized as the best ones 

for heavy metal ion removal from aqueous solutions. Beside traditional nanoparticles, 

Fe3O4-NPs are gaining increasing attention in remediation of the environment due to 

the fact that they can be simply separated from water using a magnetic field 

(Mahdavian and Mirrahimi, 2010).  

 

Additionally, for the recycling and regeneration purpose, Fe3O4-NPs based composite 

adsorbents allowed simple separation from aqueous systems. This kind of facile 

separating is important to enhance the function performance and reduce the cost during 

treatment of water and waste water (Zhao et al., 2011). 

 

The modeling and optimization for improving the efficiency of a system are the main 

stages in an environmental procedure without raising in the cost (Montgomery, 2008). 

The adsorption processes mechanism is complex. This is to the complicated interaction 

between parameters and non-linear behavior of these procedures. Consequently, it is 

very important to determine the optimum experimental condition to get highest 

efficiency.  

 

The traditional optimization technique (single variable optimization) is not only 

tiresome and time consuming but also does not illustrate the entire effects of the 

variables in the procedure and ignores the mixed interaction between physicochemical 

parameters. This technique can also result in misinterpretation of final results. In order 

to conquer this problem, a few statistical techniques have been applied. Recently, 

response surface methodology has drawn great interest since a collection of numerical 

and statistical methods helpful for examining the effect of several independent 

parameters (Özdemir and Yapar, 2009).  

 

RSM assesses the interactions between the response (s) and the independent 

parameters Montgomery (2008) and describes the influence of the independent 

parameters, alone or combination, in the procedure. This method has many advantages 

like being more economical, needing fewer experiments number, studding interaction 

between parameters on response, predicting of the response, checking of method 

adequacy, and requiring shorter time (Shojaeimehr et al., 2013). 

1.2 Problem Statement 

Recently Pollution of water and groundwater is one of the most severe problems in 

environment. Heavy metal ions constitute a significant environmental difficulty 

because these types of materials usually are not biodegradable and very harmful to 
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human bodies (Júnior et al., 2009). The metal ions that cause significant problem 

contain Cu(II), Ni(II), and Pb(II) that are usually related to contaminations and toxic 

properties. 

 

Many techniques are already designed in order to heavy metal ions pollution removing. 

Among these techniques, Adsorption is now recognized as an economic and effective 

technique for heavy metal wastewater treatment. The adsorption process offers 

flexibility in design and operation and in many cases will produce high-quality treated 

effluent. In addition, because adsorption is sometimes reversible, adsorbents can be 

regenerated by suitable desorption process.  

 

Recent research focused on adsorbents such as activated carbons, zeolites, clays, 

biomass and polymeric materials for the removal of heavy metals. In wastewater 

treatment, especially in the removal of heavy metals, clays such as montmorillonite 

have attracted particular attentions, due to their physico-chemical characteristics, low 

cost, high surface area, availability and the presence of various reactive groups on the 

surface. Clays present, however some disadvantages that limit their use in practical 

wastewater treatment applications, such as difficult separation from the liquid phase. 

Fe3O4-NPs on the other hand, have a relatively high surface area, good kinetics for the 

adsorption and are easy to separate and manipulate in complex multiphase systems 

with an external magnetic field. Therefore, an excellent, scalable, economic, and non-

toxic production of Fe3O4-NPs is significantly preferred for potential applications and 

original study. In addition, the ability and effectiveness of magnetic separation has 

been showed to be an incredibly technique for solid-liquid phase separation. 

 

However, no material has the properties of both higher saturated magnetization and 

higher adsorption capacities at the same time. The synthesis of materials with these 

two properties would be beneficial for their applications in environmental remediation. 

Fe3O4 clay nanocomposites are usually including of Fe3O4-NPs to make sure a 

powerful magnetic response and clay layers to provide favorable functional groups and 

protection from particle aggregation. 

In this study Fe3O4/MMT-NCs and Fe3O4/talc-NCs were prepared by co-precipitation 

method for adsorption of metal ions from aqueous solutions optimized by response 

surface methodology. 

1.3 Scope 

In this research, using the co-precipitation method, Fe3O4-NPs were effectively 

prepared in the interlayer space of MMT and external surface of talc as solid supports. 

The Fe ions were reduced to the Fe3O4-NPs.  

 

Therefore, the present study represents an attempt toward introducing different 

percentage of Fe3O4-NPs (1, 3, 5, 7, 9 and 12 wt%) into the MMT and talc in. 

Fe3O4/MMT-NCs and Fe3O4/talc-NCs were prepared as final products. 

 

The crystalline structure of Fe3O4-NPs to all of samples, average size, size 

distributions, magnetization property, surface morphology and functional groups were 

characterized using powder X-ray diffraction (PXRD), transmission electron 

microscopy (TEM), scanning electron microscopy (SEM), energy dispersive x-ray 

spectroscopy (EDX), vibrating sample magnometer (VSM) and Fourier transform 

infrared (FT-IR). 
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The ability of these two nanocomposites were investigated for removal of Cu(II), 

Ni(II) and Pb(II) ions from solution. Conventional methods of optimization, changing 

one parameter at a time and keeping the other parameters constant, provide the 

information related to that particular parameter only. This method of optimization is 

time consuming and cannot take the mutual interactions of the parameters on the 

desired outcome. Statistical procedures provide an alternative methodology to 

optimize a particular process by considering mutual interactions among the variables 

and give an estimate of the combined effect of these variables on final result. RSM is 

one such statistical technique and used to optimize the removal efficiency of heavy 

metals. Three parameters were chosen: 

 

 Removal time (s), heavy metal concentration (mg/L) and adsorbent dosage (g).pH of 

the solution was not changed to avoid of precipitation. 

1.4 Objectives 

The objectives of the project are: 

1. To study the Fe3O4/MMT-NCs  fabricated by  co-precipitation method for 

removal of  heavy metals Pb(II), Ni(II) and Cu(II) through response surface 

methodology 

2. To study the Fe3O4/talc-NCs fabricated by  co-precipitation method for 

removal of  heavy metals Pb(II), Ni(II) and Cu(II) through response surface 

methodology 

3. To evaluate the adsorption abilities of Fe3O4/MMT-NCs as nanoadsorbent for 

heavy metals Pb(II), Ni(II) and Cu(II) through response surface methodology 

4. To evaluate  the adsorption abilities of Fe3O4/talc-NCs as nanoadsorbent for 

heavy metals Pb(II), Ni(II) and Cu(II) through response surface methodology 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

80 

 

REFERENCES 

 

 

Ahmad, M., Shameli, K., Yunus, W., Ibrahim, N.,Darroudi, M. (2010). Synthesis and 

characterization of silver/clay/starch bionanocomposites by green method. 

Aust J Basic Appl Sci, 4(7), 2158-2165.  

 

Alemdar, A.,Bütün, V. (2005). Interaction between a tertiary amine methacrylate 

based polyelectrolyte and a sodium montmorillonite dispersion and its 

rheological and colloidal properties. Journal of applied polymer science, 95(2), 

300-306.  

 

Amini, M., Younesi, H., Bahramifar, N., Lorestani, A.A.Z., Ghorbani, F., Daneshi, 

A.,Sharifzadeh, M. (2008). Application of response surface methodology for 

optimization of lead biosorption in an aqueous solution by Aspergillus niger. 

Journal of Hazardous Materials, 154(1–3), 694-702. doi: 

http://dx.doi.org/10.1016/j.jhazmat.2007.10.114 

 

Araujo, P.W.,Brereton, R.G. (1996). Experimental design II. optimization. TrAC 

Trends in Analytical Chemistry, 15(2), 63-70.  

 

Badruddoza, A.Z.M., Shawon, Z.B.Z., Tay, W.J.D., Hidajat, K.,Uddin, M.S. (2013). 

Fe3O4/cyclodextrin polymer nanocomposites for selective heavy metals 

removal from industrial wastewater. Carbohydrate polymers, 91(1), 322-332.  

 

Benguella, B.,Benaissa, H. (2002). Cadmium removal from aqueous solutions by 

chitin: kinetic and equilibrium studies. Water Research, 36(10), 2463-2474.  

 

Benito, Y.,Ruiz, M. (2002). Reverse osmosis applied to metal finishing wastewater. 

Desalination, 142(3), 229-234.  

 

Bezerra, M.A., Santelli, R.E., Oliveira, E.P., Villar, L.S.,Escaleiraa, L.A. (2008). 

Response surface methodology (RSM) as a tool for optimization in analytical 

chemistry. Talanta, 76, 965–977.  

 

Bhattacharyya, K.G.,Gupta, S.S. (2008). Adsorption of a few heavy metals on natural 

and modified kaolinite and montmorillonite: a review. Advances in Colloid and 

Interface Science, 140(2), 114-131.  

 

Božić, D., Gorgievski, M., Stanković, V., Štrbac, N., Šerbula, S.,Petrović, N. (2013). 

Adsorption of heavy metal ions by beech sawdust–Kinetics, mechanism and 

equilibrium of the process. Ecological Engineering, 58, 202-206.  

 

Bradl, H.B. (2004). Adsorption of heavy metal ions on soils and soils constituents. 

Journal of Colloid and Interface Science, 277(1), 1-18.  

 

Brown, S.R.,Melamed, L.E. (1990). Experimental Design and Analysis: SAGE. 

 

Buzea, C., Pacheco, I.I.,Robbie, K. (2007). Nanomaterials and nanoparticles: sources 

and toxicity. Biointerphases, 2(4), MR17-MR71.  

http://dx.doi.org/10.1016/j.jhazmat.2007.10.114


© C
OPYRIG

HT U
PM

81 

 

 

Chang, Y.-C.,Chen, D.-H. (2005). Preparation and adsorption properties of 

monodisperse chitosan-bound Fe3O4 magnetic nanoparticles for removal of Cu 

(II) ions. Journal of Colloid and Interface Science, 283(2), 446-451.  

 

Chaudhary, N.,Balomajumder, C. (2014). Optimization study of adsorption 

parameters for removal of phenol on aluminum impregnated fly ash using 

response surface methodology. Journal of the Taiwan Institute of Chemical 

Engineers, 45(3), 852-859.  

 

Chen, B.,Evans, J.R. (2006). Elastic moduli of clay platelets. Scripta materialia, 54(9), 

1581-1585.  

 

Chen, D., Jiang, M., Li, N., Gu, H., Xu, Q., Ge, J., Xia, X.,Lu, J. (2010). Modification 

of magnetic silica/iron oxide nanocomposites with fluorescent polymethacrylic 

acid for cancer targeting and drug delivery. Journal of Materials Chemistry, 

20(31), 6422-6429.  

 

Chen, J., Wang, F., Huang, K., Liu, Y.,Liu, S. (2009). Preparation of Fe3O4 

nanoparticles with adjustable morphology. Journal of Alloys and Compounds, 

475(1), 898-902.  

 

Chuah, T., Jumasiah, A., Azni, I., Katayon, S.,Thomas Choong, S. (2005). Rice husk 

as a potentially low-cost biosorbent for heavy metal and dye removal: an 

overview. Desalination, 175(3), 305-316.  

 

Cornell, R.M.,Schwertmann, U. (2003). The iron oxides: structure, properties, 

reactions, occurrences and uses: John Wiley & Sons. 

 

Crini, G. (2005). Recent developments in polysaccharide-based materials used as 

adsorbents in wastewater treatment. Progress in polymer science, 30(1), 38-

70.  

 

Dabrowski, A., Hubicki, Z., Podkościelny, P.,Robens, E. (2004). Selective removal of 

the heavy metal ions from waters and industrial wastewaters by ion-exchange 

method. Chemosphere, 56(2), 91-106.  

 

Daraei, P., Madaeni, S.S., Ghaemi, N., Salehi, E., Khadivi, M.A., Moradian, 

R.,Astinchap, B. (2012). Novel polyethersulfone nanocomposite membrane 

prepared by PANI/Fe3O4 nanoparticles with enhanced performance for Cu (II) 

removal from water. Journal of Membrane Science, 415, 250-259.  

 

Dastjerdi, R.,Montazer, M. (2010). A review on the application of inorganic nano-

structured materials in the modification of textiles: focus on anti-microbial 

properties. Colloids and Surfaces B: Biointerfaces, 79(1), 5-18.  

 

De Montferrand, C., Hu, L., Milosevic, I., Russier, V., Bonnin, D., Motte, L., Brioude, 

A.,Lalatonne, Y. (2013). Iron oxide nanoparticles with sizes, shapes and 

compositions resulting in different magnetization signatures as potential labels 

for multiparametric detection. Acta biomaterialia, 9(4), 6150-6157.  



© C
OPYRIG

HT U
PM

82 

 

Dellisanti, F., Valdrè, G.,Mondonico, M. (2009). Changes of the main physical and 

technological properties of talc due to mechanical strain. Applied Clay Science, 

42(3), 398-404.  

 

Demim, S., Drouiche, N., Aouabed, A., Benayad, T., Dendene-Badache, O.,Semsari, 

S. (2013). Cadmium and nickel: Assessment of the physiological effects and 

heavy metal removal using a response surface approach by L. gibba. 

Ecological Engineering, 61, 426-435.  

 

Deng, H., Li, X., Peng, Q., Wang, X., Chen, J.,Li, Y. (2005). Monodisperse Magnetic 

Single‐Crystal Ferrite Microspheres. Angewandte Chemie, 117(18), 2842-

2845.  

 

Dirilgen, N. (2011). Mercury and lead: Assessing the toxic effects on growth and metal 

accumulation by Lemna minor. Ecotoxicology and environmental safety, 

74(1), 48-54.  

 

Faivre, D., Agrinier, P., Menguy, N., Zuddas, P., Pachana, K., Gloter, A., Laval, J.-

Y.,Guyot, F. (2004). Mineralogical and isotopic properties of inorganic 

nanocrystalline magnetites. Geochimica et cosmochimica acta, 68(21), 4395-

4403.  

 

Fan, M., Yuan, P., Zhu, J., Chen, T., Yuan, A., He, H., Chen, K.,Liu, D. (2009). Core–

shell structured iron nanoparticles well dispersed on montmorillonite. Journal 

of Magnetism and Magnetic Materials, 321(20), 3515-3519.  

 

Fendler, J.H. (1987). Atomic and molecular clusters in membrane mimetic chemistry. 

Chemical Reviews, 87(5), 877-899.  

 

Freitas, O.M., Martins, R.J., Delerue-Matos, C.M.,Boaventura, R.A. (2008). Removal 

of Cd (II), Zn (II) and Pb (II) from aqueous solutions by brown marine macro 

algae: kinetic modelling. Journal of hazardous materials, 153(1), 493-501.  

 

Garg, U.K., Kaur, M., Garg, V.,Sud, D. (2008). Removal of Nickel (II) from aqueous 

solution by adsorption on agricultural waste biomass using a response surface 

methodological approach. Bioresource technology, 99(5), 1325-1331.  

 

Geyikçi, F., Kılıç, E., Çoruh, S.,Elevli, S. (2012). Modelling of lead adsorption from 

industrial sludge leachate on red mud by using RSM and ANN. Chemical 

Engineering Journal, 183, 53-59.  

 

Goya, G., Berquo, T., Fonseca, F.,Morales, M. (2003). Static and dynamic magnetic 

properties of spherical magnetite nanoparticles. Journal of Applied Physics, 

94(5), 3520-3528.  

 

Gu, X., Evans, L.J.,Barabash, S.J. (2010). Modeling the adsorption of Cd (II), Cu (II), 

Ni (II), Pb (II) and Zn (II) onto montmorillonite. Geochimica et cosmochimica 

Acta, 74(20), 5718-5728.  

 



© C
OPYRIG

HT U
PM

83 

 

Guo, B., Jia, D.,Cai, C. (2004). Effects of organo-montmorillonite dispersion on 

thermal stability of epoxy resin nanocomposites. European polymer journal, 

40(8), 1743-1748.  

 

Gupta, A.K.,Gupta, M. (2005). Synthesis and surface engineering of iron oxide 

nanoparticles for biomedical applications. Biomaterials, 26(18), 3995-4021.  

 

Gupta, S.,Babu, B. (2009). Removal of toxic metal Cr (VI) from aqueous solutions 

using sawdust as adsorbent: Equilibrium, kinetics and regeneration studies. 

Chemical Engineering Journal, 150(2), 352-365.  

 

Hakuta, Y., Hayashi, H.,Arai, K. (2003). Fine particle formation using supercritical 

fluids. Current Opinion in Solid State and Materials Science, 7(4), 341-351.  

 

Hakuta, Y., Shimoyachi, K., Hayashi, H.,Arai, K. (2003). Hydrothermal synthesis of 

potassium hexatitanate photocatalyst under supercritical water conditions. J. 

Ion Exch, 14, 393-396.  

 

Harker, J., Backhurst, J.R.,Richardson, J.F. (2002). Chemical engineering (Vol. 2): 

Butterworth-Heinemann. 

 

Hayashi, H.,Torii, K. (2002). Hydrothermal synthesis of titania photocatalyst under 

subcritical and supercritical water conditions. Journal of Materials Chemistry, 

12(12), 3671-3676.  

 

Heidari, A., Younesi, H.,Mehraban, Z. (2009). Removal of Ni (II), Cd (II), and Pb (II) 

from a ternary aqueous solution by amino functionalized mesoporous and nano 

mesoporous silica. Chemical Engineering Journal, 153(1), 70-79.  

 

Hong, R., Pan, T., Han, Y., Li, H., Ding, J.,Han, S. (2007). Magnetic field synthesis 

of Fe3O4 nanoparticles used as a precursor of ferrofluids. Journal of magnetism 

and magnetic materials, 310(1), 37-47.  

 

Hribernik, S., Sfiligoj-Smole, M., Bele, M., Gyergyek, S., Jamnik, J.,Stana-

Kleinschek, K. (2012). Synthesis of magnetic iron oxide particles: 

Development of an in situ coating procedure for fibrous materials. Colloids 

and Surfaces A: Physicochemical and Engineering Aspects, 400, 58-66.  

 

Hu, J., Lo, I.,Chen, G. (2004). Removal of Cr (VI) by magnetite. Water Science & 

Technology, 50(12), 139-146.  

 

Huang, P.,Fuerstenau, D.W. (2000). The effect of the adsorption of lead and cadmium 

ions on the interfacial behavior of quartz and talc. Colloids and Surfaces A: 

Physicochemical and Engineering Aspects, 177(2), 147-156.  

 

Hussain, F., Hojjati, M., Okamoto, M.,Gorga, R.E. (2006). Review article: polymer-

matrix nanocomposites, processing, manufacturing, and application: an 

overview. Journal of composite materials, 40(17), 1511-1575.  

 



© C
OPYRIG

HT U
PM

84 

 

Ijagbemi, C.O., Baek, M.-H.,Kim, D.-S. (2009). Montmorillonite surface properties 

and sorption characteristics for heavy metal removal from aqueous solutions. 

Journal of Hazardous Materials, 166(1), 538-546.  

 

Inglezakis, V.,Poulopoulos, S. (2006). Adsorption, ion exchange and catalysis: design 

of operations and environmental applications (Vol. 3): Elsevier. 

 

Jamil, M., Zia, M.S.,Qasim, M. (2010). Contamination of agro-ecosystem and human 

health hazards from wastewater used for irrigation. Journal of the Chemical 

Society of Pakistan, 32(3), 370-378.  

 

Jamil, N.H.,Palaniandy, S. (2010). Acid medium sonication: A method for the 

preparation of low density talc nano-sheets. Powder Technology, 200(1), 87-

90.  

 

Júnior, O.K., Gurgel, L.V.A., de Freitas, R.P.,Gil, L.F. (2009). Adsorption of Cu (II), 

Cd (II), and Pb (II) from aqueous single metal solutions by mercerized 

cellulose and mercerized sugarcane bagasse chemically modified with EDTA 

dianhydride (EDTAD). Carbohydrate Polymers, 77(3), 643-650.  

 

Kádár, F., Százdi, L., Fekete, E.,Pukánszky, B. (2006). Surface characteristics of 

layered silicates: influence on the properties of clay/polymer nanocomposites. 

Langmuir, 22(18), 7848-7854.  

 

Karatas, M. (2012). Removal of Pb (II) from water by natural zeolitic tuff: kinetics 

and thermodynamics. Journal of hazardous materials, 199, 383-389.  

 

Khan, S., Cao, Q., Zheng, Y., Huang, Y.,Zhu, Y. (2008). Health risks of heavy metals 

in contaminated soils and food crops irrigated with wastewater in Beijing, 

China. Environmental pollution, 152(3), 686-692.  

 

Kim, D.K., Mikhaylova, M., Zhang, Y.,Muhammed, M. (2003). Protective coating of 

superparamagnetic iron oxide nanoparticles. Chemistry of Materials, 15(8), 

1617-1627.  

 

Kluchova, K., Zboril, R., Tucek, J., Pecova, M., Zajoncova, L., Safarik, I., Mashlan, 

M., Markova, I., Jancik, D.,Sebela, M. (2009). Superparamagnetic maghemite 

nanoparticles from solid-state synthesis–their functionalization towards 

peroral MRI contrast agent and magnetic carrier for trypsin immobilization. 

Biomaterials, 30(15), 2855-2863.  

 

Kołodyńska, D. (2009). Polyacrylate anion exchangers in sorption of heavy metal ions 

with the biodegradable complexing agent. Chemical Engineering Journal, 

150(2), 280-288.  

 

Kul, A.R.,Koyuncu, H. (2010). Adsorption of Pb (II) ions from aqueous solution by 

native and activated bentonite: kinetic, equilibrium and thermodynamic study. 

Journal of Hazardous materials, 179(1), 332-339.  

 



© C
OPYRIG

HT U
PM

85 

 

Kun, R., Mogyorósi, K.,Dékány, I. (2006). Synthesis and structural and photocatalytic 

properties of TiO2/montmorillonite nanocomposites. Applied Clay Science, 

32(1), 99-110.  

 

Kurniawan, T.A., Chan, G.Y.S., Lo, W.-H.,Babel, S. (2006). Physico–chemical 

treatment techniques for wastewater laden with heavy metals. Chemical 

Engineering Journal, 118(1–2), 83-98. doi: 

http://dx.doi.org/10.1016/j.cej.2006.01.015 

 

Larraza, I., López-Gónzalez, M., Corrales, T.,Marcelo, G. (2012). Hybrid materials: 

magnetite–polyethylenimine–montmorillonite, as magnetic adsorbents for Cr 

(VI) water treatment. Journal of colloid and interface science, 385(1), 24-33.  

 

Lawrence, M.J.,Rees, G.D. (2000). Microemulsion-based media as novel drug 

delivery systems. Advanced drug delivery reviews, 45(1), 89-121.  

 

Lee, A.,Lichtenhan, J.D. (1999). Thermal and viscoelastic property of epoxy–clay and 

hybrid inorganic–organic epoxy nanocomposites. Journal of Applied Polymer 

Science, 73(10), 1993-2001.  

 

Li, G., Zhao, Z., Liu, J.,Jiang, G. (2011). Effective heavy metal removal from aqueous 

systems by thiol functionalized magnetic mesoporous silica. Journal of 

hazardous materials, 192(1), 277-283.  

 

Li, J.-G., Ishigaki, T.,Sun, X. (2007). Anatase, brookite, and rutile nanocrystals via 

redox reactions under mild hydrothermal conditions: phase-selective synthesis 

and physicochemical properties. The Journal of Physical Chemistry C, 

111(13), 4969-4976.  

 

Li, S., Wu, P., Li, H., Zhu, N., Li, P., Wu, J., Wang, X.,Dang, Z. (2010). Synthesis and 

characterization of organo-montmorillonite supported iron nanoparticles. 

Applied Clay Science, 50(3), 330-336.  

 

Li, Y., Du, Q., Wang, X., Zhang, P., Wang, D., Wang, Z.,Xia, Y. (2010). Removal of 

lead from aqueous solution by activated carbon prepared from Enteromorpha 

prolifera by zinc chloride activation. Journal of hazardous materials, 183(1), 

583-589.  

 

Li, Z., Sun, Q.,Gao, M. (2005). Preparation of water‐soluble magnetite nanocrystals 

from hydrated ferric salts in 2‐pyrrolidone: mechanism leading to Fe3O4. 

Angewandte Chemie International Edition, 44(1), 123-126.  

 

Liu, X., Hu, Q., Fang, Z., Zhang, X.,Zhang, B. (2008). Magnetic chitosan 

nanocomposites: a useful recyclable tool for heavy metal ion removal. 

Langmuir, 25(1), 3-8.  

 

Lodhia, J., Mandarano, G., Ferris, N., Eu, P.,Cowell, S. (2010). Development and use 

of iron oxide nanoparticles (Part 1): Synthesis of iron oxide nanoparticles for 

MRI. Biomedical imaging and intervention journal, 6(2), e12.  

 

http://dx.doi.org/10.1016/j.cej.2006.01.015


© C
OPYRIG

HT U
PM

86 

 

Lu, A.-H., Salabas, E.L.,Schüth, F. (2007). Magnetic nanoparticles: synthesis, 

protection, functionalization, and application. Angewandte Chemie 

International Edition, 46(8), 1222-1244.  

 

Lu, A.H., Salabas, E.e.L.,Schüth, F. (2007). Magnetic nanoparticles: synthesis, 

protection, functionalization, and application. Angewandte Chemie 

International Edition, 46(8), 1222-1244.  

 

Lu, W., Shen, Y., Xie, A.,Zhang, W. (2010). Green synthesis and characterization of 

superparamagnetic Fe3O4 nanoparticles. Journal of Magnetism and Magnetic 

Materials, 322(13), 1828-1833.  

 

Luengo, C., Puccia, V.,Avena, M. (2011). Arsenate adsorption and desorption kinetics 

on a Fe (III)-modified montmorillonite. Journal of hazardous materials, 

186(2), 1713-1719.  

 

Lundstedt, T., Seifert, E., Abramo, L., Thelin, B., Nystrom, A., Pertensen, J.,Bergman, 

R. (1998). Chemometrics and Intelligent Laboratory Systems, 42 3.  

 

Luo, J.-J.,Daniel, I.M. (2003). Characterization and modeling of mechanical behavior 

of polymer/clay nanocomposites. Composites Science and Technology, 63(11), 

1607-1616.  

 

Mahalingam, P., Liu, H.,Dandy, D.S. (1995). Chemisorption of hydrocarbon species 

on transition metals during diamond chemical vapour deposition. Chem Phys 

Lett.  

 

Mahdavian, A.R.,Mirrahimi, M.A.-S. (2010). Efficient separation of heavy metal 

cations by anchoring polyacrylic acid on superparamagnetic magnetite 

nanoparticles through surface modification. Chemical Engineering Journal, 

159(1), 264-271.  

 

Maleki, H., Simchi, A., Imani, M.,Costa, B. (2012). Size-controlled synthesis of 

superparamagnetic iron oxide nanoparticles and their surface coating by gold 

for biomedical applications. Journal of Magnetism and Magnetic Materials, 

324(23), 3997-4005.  

 

Martinez, B., Obradors, X., Balcells, L., Rouanet, A.,Monty, C. (1998). Low 

temperature surface spin-glass transition in γ-Fe 2 O 3 nanoparticles. Physical 

Review Letters, 80(1), 181.  

 

Massart, R., Dubois, E., Cabuil, V.,Hasmonay, E. (1995). Preparation and properties 

of monodisperse magnetic fluids. Journal of Magnetism and Magnetic 

Materials, 149(1), 1-5.  

 

Melo, J.D.D., de Carvalho Costa, T.C., de Medeiros, A.M.,Paskocimas, C.A. (2010). 

Effects of thermal and chemical treatments on physical properties of kaolinite. 

Ceramics International, 36(1), 33-38.  

 



© C
OPYRIG

HT U
PM

87 

 

Mishra, A.K., Allauddin, S., Narayan, R., Aminabhavi, T.M.,Raju, K. (2012). 

Characterization of surface-modified montmorillonite nanocomposites. 

Ceramics International, 38(2), 929-934.  

 

Mishra, S.P., Singh, V.K.,Tiwari, D. (1996). Radiotracer technique in adsorption 

study: Part XIV. Efficient removal of mercury from aqueous solutions by 

hydrous zirconium oxide. Applied radiation and isotopes, 47(1), 15-21.  

 

Mohanty, K., Jha, M., Meikap, B.,Biswas, M. (2006). Biosorption of Cr (VI) from 

aqueous solutions by Eichhornia crassipes. Chemical Engineering Journal, 

117(1), 71-77.  

 

Monferrán, M.V., Pignata, M.L.,Wunderlin, D.A. (2012). Enhanced phytoextraction 

of chromium by the aquatic macrophyte Potamogeton pusillus in presence of 

copper. Environmental Pollution, 161, 15-22.  

 

Montgomery, D.C. (2008). Design and analysis of experiments: John Wiley & Sons. 

 

Mukhopadhyay, S.S., Parshad, V.R.,Gill, I.S. (2009). Nanoscience and Nano-

Technology: Cracking Prodigal Farming.  

 

Munshi, N., De, T.K.,Maitra, A. (1997). Size modulation of polymeric nanoparticles 

under controlled dynamics of microemulsion droplets. Journal of colloid and 

interface science, 190(2), 387-391.  

 

Ngomsik, A.-F., Bee, A., Draye, M., Cote, G.,Cabuil, V. (2005). Magnetic nano-and 

microparticles for metal removal and environmental applications: a review. 

Comptes Rendus Chimie, 8(6), 963-970.  

 

O'Brien, S., Brus, L.,Murray, C.B. (2001). Synthesis of monodisperse nanoparticles of 

barium titanate: toward a generalized strategy of oxide nanoparticle synthesis. 

Journal of the American Chemical Society, 123(48), 12085-12086.  

 

Ocana, M., Rodriguez‐Clemente, R.,Serna, C.J. (1995). Uniform colloidal particles in 

solution: Formation mechanisms. Advanced Materials, 7(2), 212-216.  

 

Oliveira, L.C., Petkowicz, D.I., Smaniotto, A.,Pergher, S.B. (2004). Magnetic zeolites: 

a new adsorbent for removal of metallic contaminants from water. Water 

Research, 38(17), 3699-3704.  

 

Orbell, J.D., Godhino, L., Bigger, S.W., Nguyen, T.M.,Ngeh, L.N. (1997). Oil spill 

remediation using magnetic particles: an experiment in environmental 

technology. Journal of chemical education, 74(12), 1446.  

 

Orolínová, Z., Mockovčiaková, A., Zeleňák, V.,Myndyk, M. (2012). Influence of heat 

treatment on phase transformation of clay–iron oxide composite. Journal of 

Alloys and Compounds, 511(1), 63-69.  

 



© C
OPYRIG

HT U
PM

88 

 

Özdemir, G.,Yapar, S. (2009). Adsorption and desorption behavior of copper ions on 

Na-montmorillonite: Effect of rhamnolipids and pH. journal of Hazardous 

Materials, 166(2), 1307-1313.  

 

Pan, B., Pan, B., Zhang, W., Lv, L., Zhang, Q.,Zheng, S. (2009). Development of 

polymeric and polymer-based hybrid adsorbents for pollutants removal from 

waters. Chemical Engineering Journal, 151(1), 19-29.  

 

Papandreou, A., Stournaras, C.,Panias, D. (2007). Copper and cadmium adsorption on 

pellets made from fired coal fly ash. Journal of Hazardous Materials, 148(3), 

538-547.  

 

Park, J., An, K., Hwang, Y., Park, J.-G., Noh, H.-J., Kim, J.-Y., Park, J.-H., Hwang, 

N.-M.,Hyeon, t. (2004). Ultra-large-scale syntheses of monodisperse 

nanocrystals. Nature materials, 3(12), 891-895.  

 

Paul, D.,Robeson, L. (2008). Polymer nanotechnology: nanocomposites. Polymer, 

49(15), 3187-3204.  

 

Pradhan, P., Giri, J., Samanta, G., Sarma, H.D., Mishra, K.P., Bellare, J., Banerjee, 

R.,Bahadur, D. (2007). Comparative evaluation of heating ability and 

biocompatibility of different ferrite‐based magnetic fluids for hyperthermia 

application. Journal of biomedical materials research Part B: Applied 

Biomaterials, 81(1), 12-22.  

 

Rath, R.K., Subramanian, S.,Laskowski, J. (1997). Adsorption of dextrin and guar gum 

onto talc. A comparative study. Langmuir, 13(23), 6260-6266.  

 

Ray, S.S., Yamada, K., Okamoto, M.,Ueda, K. (2003). Control of biodegradability of 

polylactide via nanocomposite technology. Macromolecular Materials and 

Engineering, 288(3), 203-208.  

 

Redl, F.X., Black, C.T., Papaefthymiou, G.C., Sandstrom, R.L., Yin, M., Zeng, H., 

Murray, C.B.,O'Brien, S.P. (2004). Magnetic, electronic, and structural 

characterization of nonstoichiometric iron oxides at the nanoscale. Journal of 

the American Chemical Society, 126(44), 14583-14599.  

 

Reynaud, E., Gauthier, C.,Perez, J. (1999). Nanophases in polymers. Revue de 

Metallurgie, Cahiers d'Informations Techniques(France), 96(2), 169-176.  

 

Saliba, R., Gauthier, H., Gauthier, R.,Petit‐Ramel, M. (2000). Adsorption of copper 

(II) and chromium (III) ions onto amidoximated cellulose. Journal of applied 

polymer science, 75(13), 1624-1631.  

 

Sen Gupta, S.,Bhattacharyya, K.G. (2008). Immobilization of Pb (II), Cd (II) and Ni 

(II) ions on kaolinite and montmorillonite surfaces from aqueous medium. 

Journal of environmental management, 87(1), 46-58.  

 



© C
OPYRIG

HT U
PM

89 

 

Senthilkumaar, S., Bharathi, S., Nithyanandhi, D.,Subburam, V. (2000). Biosorption 

of toxic heavy metals from aqueous solutions. Bioresource Technology, 75(2), 

163-165.  

 

Shameli, K., Ahmad, M.B., Al-Mulla, E.A.J., Shabanzadeh, P.,Bagheri, S. (2013). 

Antibacterial effect of silver nanoparticles on talc composites. Research on 

Chemical Intermediates, 1-13.  

 

Shameli, K., Ahmad, M.B., Yunus, W.Z.W., Ibrahim, N.A.,Darroudi, M. (2010). 

Synthesis and characterization of silver/talc nanocomposites using the wet 

chemical reduction method. International journal of nanomedicine, 5, 743.  

 

Shameli, K., Ahmad, M.B., Zargar, M., Yunus, W., Ibrahim, N.A., Shabanzadeh, 

P.,Moghaddam, M.G. (2011). Synthesis and characterization of 

silver/montmorillonite/chitosan bionanocomposites by chemical reduction 

method and their antibacterial activity. Int. J. Nanomed, 6, 271-284.  

 

Shameli, K., Ahmad, M.B., Zargar, M., Yunus, W., Rustaiyan, A.,Ibrahim, N.A. 

(2011). Synthesis of silver nanoparticles in montmorillonite and their 

antibacterial behavior. Int J Nanomed, 6, 581-590.  

 

Shan, G., Surampalli, R.Y., Tyagi, R.D.,Zhang, T.C. (2009). Nanomaterials for 

environmental burden reduction, waste treatment, and nonpoint source 

pollution control: a review. Frontiers of Environmental Science & Engineering 

in China, 3(3), 249-264.  

 

Shojaeimehr, T., Rahimpour, F., Khadivi, M.A.,Sadeghi, M. (2013). A modeling study 

by response surface methodology (RSM) and artificial neural network (ANN) 

on Cu2+ adsorption optimization using light expended clay aggregate (LECA). 

Journal of Industrial and Engineering Chemistry.  

 

Singh, A., Sharma, R.K., Agrawal, M.,Marshall, F.M. (2010). Health risk assessment 

of heavy metals via dietary intake of foodstuffs from the wastewater irrigated 

site of a dry tropical area of India. Food and chemical toxicology, 48(2), 611-

619.  

 

Sinha Ray, S.,Okamoto, M. (2003). Polymer/layered silicate nanocomposites: a review 

from preparation to processing. Progress in polymer science, 28(11), 1539-

1641.  

 

Sohrabi, M.R., Amiri, S., Masoumi, H.R.F.,Moghri, M. (2013). Optimization of Direct 

Yellow 12 dye removal by nanoscale zero-valent iron using response surface 

methodology. Journal of Industrial and Engineering Chemistry.  

 

Somorjai, G. (2002). The evolution of surface chemistry. A personal view of building 

the future on past and present accomplishments. The Journal of Physical 

Chemistry B, 106(36), 9201-9213.  

 



© C
OPYRIG

HT U
PM

90 

 

Son, Y.-H., Lee, J.-K., Soong, Y., Martello, D.,Chyu, M. (2010). Structure− property 

correlation in iron oxide nanoparticle− clay hybrid materials. Chemistry of 

Materials, 22(7), 2226-2232.  

 

Sprynskyy, M., Gadzała-Kopciuch, R., Nowak, K.,Buszewski, B. (2012). Removal of 

zearalenone toxin from synthetics gastric and body fluids using talc and 

diatomite: A batch kinetic study. Colloids and Surfaces B: Biointerfaces, 94, 

7-14.  

 

Sprynskyy, M., Kowalkowski, T., Tutu, H., Cukrowska, E.M.,Buszewski, B. (2011). 

Adsorption performance of talc for uranium removal from aqueous solution. 

Chemical Engineering Journal, 171(3), 1185-1193.  

 

Sun, S., Zeng, H., Robinson, D.B., Raoux, S., Rice, P.M., Wang, S.X.,Li, G. (2004). 

Monodisperse MFe2O4 (M= Fe, Co, Mn) nanoparticles. Journal of the 

American Chemical Society, 126(1), 273-279.  

 

Szabó, T., Bakandritsos, A., Tzitzios, V., Papp, S., Korösi, L., Galbács, G., 

Musabekov, K., Bolatova, D., Petridis, D.,Dékány, I. (2007). Magnetic iron 

oxide/clay composites: effect of the layer silicate support on the microstructure 

and phase formation of magnetic nanoparticles. Nanotechnology, 18(28), 

285602.  

 

Tran, H.V., Tran, L.D.,Nguyen, T.N. (2010). Preparation of chitosan/magnetite 

composite beads and their application for removal of Pb (II) and Ni (II) from 

aqueous solution. Materials Science and Engineering: C, 30(2), 304-310.  

 

Veiseh, O., Sun, C., Gunn, J., Kohler, N., Gabikian, P., Lee, D., Bhattarai, N., 

Ellenbogen, R., Sze, R.,Hallahan, A. (2005). Optical and MRI multifunctional 

nanoprobe for targeting gliomas. Nano Letters, 5(6), 1003-1008.  

 

Wan Ngah, W.,Hanafiah, M. (2008). Adsorption of copper on rubber (Hevea 

brasiliensis) leaf powder: Kinetic, equilibrium and thermodynamic studies. 

Biochemical Engineering Journal, 39(3), 521-530.  

 

Wang, W.-W., Zhu, Y.-J.,Ruan, M.-L. (2007). Microwave-assisted synthesis and 

magnetic property of magnetite and hematite nanoparticles. Journal of 

Nanoparticle Research, 9(3), 419-426.  

 

Wang, X., Zhuang, J., Peng, Q.,Li, Y. (2005). A general strategy for nanocrystal 

synthesis. Nature, 437(7055), 121-124.  

 

Wang, Y., Zhang, L., Tang, C.,Yu, D. (2000). Preparation and characterization of 

rubber–clay nanocomposites. Journal of Applied Polymer Science, 78(11), 

1879-1883.  

 

Wesołowski, M. (1984). Thermal decomposition of talc: A review. Thermochimica 

Acta, 78(1), 395-421.  

 



© C
OPYRIG

HT U
PM

91 

 

Willis, A.L., Turro, N.J.,O'Brien, S. (2005). Spectroscopic characterization of the 

surface of iron oxide nanocrystals. Chemistry of materials, 17(24), 5970-5975.  

 

Winey, K.I.,Vaia, R.A. (2007). Polymer nanocomposites. MRS bulletin, 32(04), 314-

322.  

 

Wu, P., Wu, W., Li, S., Xing, N., Zhu, N., Li, P., Wu, J., Yang, C.,Dang, Z. (2009). 

Removal of Cd2+ from aqueous solution by adsorption using Fe-

montmorillonite. Journal of hazardous materials, 169(1), 824-830.  

 

Wu, S., Sun, A., Zhai, F., Wang, J., Xu, W., Zhang, Q.,Volinsky, A.A. (2011). Fe3 O4 

magnetic nanoparticles synthesis from tailings by ultrasonic chemical co-

precipitation. Materials Letters, 65(12), 1882-1884.  

 

Wu, W., He, Q.,Jiang, C. (2008). Magnetic iron oxide nanoparticles: synthesis and 

surface functionalization strategies. Nanoscale research letters, 3(11), 397-

415.  

 

Wu, W., He, Q.,Jiang, C. (2009). Magnetic iron oxide nanoparticles: synthesis and 

surface functionalization strategies. ChemInform, 40(24), i.  

 

Xu, D., Zhou, X.,Wang, X. (2008). Adsorption and desorption of Ni2+ on Na-

montmorillonite: Effect of pH, ionic strength, fulvic acid, humic acid and 

addition sequences. Applied Clay Science, 39(3), 133-141.  

 

Yan, F., Li, J., Zhang, J., Liu, F.,Yang, W. (2009). Preparation of Fe3O4/polystyrene 

composite particles from monolayer oleic acid modified Fe3O4 nanoparticles 

via miniemulsion polymerization. Journal of Nanoparticle Research, 11(2), 

289-296.  

 

Yan, H., Zhang, J., You, C., Song, Z., Yu, B.,Shen, Y. (2009). Influences of different 

synthesis conditions on properties of Fe3O4 nanoparticles. Materials Chemistry 

and Physics, 113(1), 46-52.  

 

Yu, B., Zhang, Y., Shukla, A., Shukla, S.S.,Dorris, K.L. (2000). The removal of heavy 

metal from aqueous solutions by sawdust adsorption—removal of copper. 

Journal of Hazardous Materials, 80(1), 33-42.  

 

Yuan, P., Fan, M., Yang, D., He, H., Liu, D., Yuan, A., Zhu, J.,Chen, T. (2009). 

Montmorillonite-supported magnetite nanoparticles for the removal of 

hexavalent chromium [Cr (VI)] from aqueous solutions. Journal of hazardous 

materials, 166(2), 821-829.  

 

Zargar, M., Hamid, A.A., Bakar, F.A., Shamsudin, M.N., Shameli, K., Jahanshiri, 

F.,Farahani, F. (2011). Green Synthesis and Antibacterial Effect of Silver 

Nanoparticles Using Vitex Negundo L. Molecules, 16(8), 6667-6676.  

 

Zhao, X., Lv, L., Pan, B., Zhang, W., Zhang, S.,Zhang, Q. (2011). Polymer-supported 

nanocomposites for environmental application: a review. Chemical 

Engineering Journal, 170(2), 381-394.  



© C
OPYRIG

HT U
PM

92 

 

Zhou, Y.-T., Nie, H.-L., Branford-White, C., He, Z.-Y.,Zhu, L.-M. (2009). Removal 

of Cu2+ from aqueous solution by chitosan-coated magnetic nanoparticles 

modified with α-ketoglutaric acid. Journal of colloid and interface science, 

330(1), 29-37.  

 

Zhou, Y., Pervin, F., Biswas, M.A., Rangari, V.K.,Jeelani, S. (2006). Fabrication and 

characterization of montmorillonite clay-filled SC-15 epoxy. Materials letters, 

60(7), 869-873.  

 

Zhu, J., Cozzolino, V., Pigna, M., Huang, Q., Caporale, A.G.,Violante, A. (2011). 

Sorption of Cu, Pb and Cr on Na-montmorillonite: Competition and effect of 

major elements. Chemosphere, 84(4), 484-489.  

 

Zhu, Z., Gao, C., Wu, Y., Sun, L., Huang, X., Ran, W.,Shen, Q. (2013). Removal of 

heavy metals from aqueous solution by lipopeptides and lipopeptides modified 

Na-montmorillonite. Bioresource technology, 147, 378-386.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

94 

 

LIST OF PUBLICATIONS 

 

 

1. Kalantari, K., Ahmad, MB., Fard Masoumi, H.R., Shameli, K., Basri, M., 

Khandanlou, R. (2014). Rapid adsorption of heavy metals by magnetic/talc 

nanocomposite and optimization study using response surface methodology. 

(International Journal of Molecular Science,15, 12913-12927, 

DOI:10.3390/ijms150712913. 

 

2. Khandanlou, R., Ahmad, MB., Shameli, K., Kalantari, K. (2014). Investigation 

of the Role of Reductant on the Size Control of Fe3O4 Nanoparticles on Rice 

Straw. BioResources, 9(1), 642-655. 

 

3. Kalantari, K., Ahmad, MB., Shameli, K., Khandanlou, R. (2014). Size-

controlled synthesis of Fe3O4 magnetite nanoparticles on the exterior of talc 

layers. Research on Chemical Intermediates, 1-13. DOI: 10.1007/s11164-013-

1336-4. 

 

4. Khandanlou, R., Ahmad, MB., Shameli, K., Zobir Hussein, M., Zainuddin, N., 

Kalantari, K. (2014). Effect of Unmodified Rice Straw on the Properties of 

Rice Straw/Polycaprolactone Composites. Research on Chemical 

Intermediates, DOI: 10.1007/s11164-014-1746-y. 

 

5. Kalantari, K., Ahmad, MB., Shameli, K., Khandanlou, R. (2013). Synthesis of 

talc/Fe3O4 magnetic nanocomposites using chemical co-precipitation method. 

International journal of Nanomedicine, 8, 1817–1823. 

DOI:10.2147/IJN.S43693. 

 

6. Khandanlou, R., Ahmad, MB., Shameli, K., Kalantari, K. (2013). Synthesis 

and Characterization of Rice Straw/ Fe3O4 Nanocomposites by a Quick 

Precipitation Method, international journal of Nanomedicine, 8: 1817–1823. 

DOI:10.2147/IJN.S43693. 

  

7. Kalantari, K., Ahmad, MB., Shameli, K., Zobir Hussein, M., Khandanlou, R. 
(2014). Size-controlled synthesis of Fe3O4 magnetic nanoparticles in the layers 

of montmorillonite, Journal of Nanomaterials, (8), DOI: 

10.1155/2014/739485. 

 

8. Kalantari, K., Ahmad, MB., Fard Masoumi, H.R., Shameli, K., Basri M., 

Khandanlou, R. (2014). Rapid and high capacity adsorption of heavy metals 

by Fe3O4 /montmorillonite nanocomposite using response surface 

methodology: preparation, characterization, optimization, equilibrium 

isotherms, and adsorption kinetics study. Journal of the Taiwan Institute of 

Chemical Engineers. 

9. Khanehzaei, H., Ahmad, MB., Shameli, K., Ajdari, Z., Abd Ghani, M., 

Klantari, K. (2014). Effect of seaweed Kappaphycus alvarezii in the synthesis 

http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=pREU-74AAAAJ&citation_for_view=pREU-74AAAAJ:2osOgNQ5qMEC
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=pREU-74AAAAJ&citation_for_view=pREU-74AAAAJ:2osOgNQ5qMEC
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=pREU-74AAAAJ&citation_for_view=pREU-74AAAAJ:2osOgNQ5qMEC
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=pREU-74AAAAJ&citation_for_view=pREU-74AAAAJ:9yKSN-GCB0IC
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=pREU-74AAAAJ&citation_for_view=pREU-74AAAAJ:9yKSN-GCB0IC
http://scholar.google.com.my/citations?view_op=view_citation&hl=en&user=pREU-74AAAAJ&citation_for_view=pREU-74AAAAJ:9yKSN-GCB0IC
http://dx.doi.org/10.2147%2FIJN.S43693
http://dx.doi.org/10.2147%2FIJN.S43693


© C
OPYRIG

HT U
PM

95 

 

of Cu@Cu2O nanoparticles prepared by chemical reduction method. Research 

on Chemical Intermediates, DOI: 10.1007/s11164-014-1817-0. 

 

10. Khandanlou, R., Ahmad, MB., Shameli, K., Kalantari, K. (2014). Studies on 

Properties of Rice Straw/Polymer Nanocomposites based on Polycaprolactone 

and Fe3O4 Nanoparticles and Evaluation of Antibacterial Activity. 

(International Journal of Molecular Science, 15, 18466-18483; 

DOI:10.3390/ijms151018466. 
 

 

 

 

 

 

 


	GG1
	FIRST PAGE
	2
	3
	4
	TABLE OF CONTENT
	TABLE OF FIGURES
	table of tables

	GG2
	Blank Page

	LITERATURE REVIEW
	REFERENCES



