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1. Introduction 
 

The high performance nano-scale zero valent iron 

(nZVI), and its bimetallic, iron/nickel (Fe/Ni), 

iron/palladium (Fe/Pd), and iron/copper (Fe/Cu) are getting 

tremendous attention from the industries. They are largely 

adopted in treating organics such as trichloroethylene 

compounds, and nitrate compound in waste water (Parshetti 

and Doong 2009, Zin et al. 2013). nZVI is reported to have 

large active surface area, high heavy metal adsorption 

capacity, reduction and precipitation of toxic and 

carcinogenic metals. For instance, it is used to convert toxic 

or unstable form of chromium, Cr (III) to a more non-toxic 

form via in situ remediation (Liu 2010). Besides that, nZVI 

can stabilize halogenated hydrocarbons, carbon 

tetrachloride and polychlorinated biphenyls (PBCs). It is 

used to perform effective transformation of many common 

environmental contaminants like chlorinated organic 

solvents, organochloride pesticides, organic dyes and 

various inorganic compounds and metal ions (Fu et al. 

2013). Zin et al. (2013) report that degradation of 

dichlorodiphenyl trichloroethane (DDT) improves 

significantly by using Fe/Cu bimetallic compare to nZVI. 

Fe/Cu bimetallic metallic particles embedded within 

ordered mesoporous carbon is also studied for degradation 

of organic contaminants (Wang et al. 2015).  

These zero valent nanomaterials are unfavourable in 

many applications due to several drawbacks. Firstly, its 

large surface area increase its reactivity which causes it to  

 

oxidize easily. The oxide layer on the zero valent 
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nanoparticles decreases its capacity to treat a targeted 

compound. In addition, it has high tendency to agglomerate 

because of interparticle interactions such as Van der Waals 

forces and magnetic interaction. The agglomeration of 

nanoparticles results in volumetric expansion of elemental 

metals upon oxidation and compaction or cementation by 

metal (hydr) oxides. The presence of these effects will 

subsequently reduce the accessible surface area and 

emasculate the reactivity of nZVI (Yaacob et al. 2012). 

Furthermore, the recovery of nZVI in aqueous solutions 

after the water treatment process was also a major concern 

in the application of nZVI (Yuvakkumar et al. 2011, Jiang 

et al. 2012).  

Several strategies have been developed to overcome the 

weaknesses of nZVI and other zero valent metallic 

nanoparticles. For instance, stabilizers and capping agents 

are used to stabilize the iron nanoparticles and to reduce the 

possibility against oxidation reactions (Allabaksh et al.   

2010). The addition of various stabilizers including thiols, 

carboxylic acids, surfactants and polymers were 

investigated to be used in prevention of agglomeration of 

nano scale iron oxide and zero valent nanoparticles. 

Unfortunately, stabilizer such as thiols and carboxylic acids 

tend to be reduced by nZVI and therefore were found to be 

unsuitable for stabilizing nZVI (Jiang et al. 2012). Another 

strategy to enhance the performance of nZVI was to make 

use of the characteristics of microfiltration membrane such 

as their open structures and large pore sizes as a support for 

nZVI (Parshetti and Doong 2009, 2012). This strategy can 

be done by immobilization of iron nanoparticles in 

polymers or co-polymers with applications of coating, 

grafting and blending techniques to modify the surface of 

the membrane. 

Among all the organic polymer materials, 

Polyvinylidene fluoride (PVDF) was reported as a good 

support to nZVI due to its significant properties such as 

excellent chemical resistance and thermal stability which 
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Abstract.  The principal objective of this study is to investigate the effect of Polyethylene Glycol (PEG) crosslinking in 

Polyvinylidene Fluoride (PVDF) in immobilization of Fe and bimetallic Fe/Cu and Cu/Fe zero valent particles on the membrane 

and its efficiency on removal of nitrate in wastewater. PVDF/PEG polymer solution of three weight compositions was prepared 

to manipulate the viscosity of the polymer. PEG crosslinking was indirectly controlled by the viscosity of the polymer solution. 

In this study, PEG was used as a modifier of PVDF membrane as well as a cross-linker for the immobilization of the zero valent 

particles. The result demonstrates improvement in immobilization of metallic particles with the increase in crosslinking of PEG. 

Nitrate removal efficiency increases too.  
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