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ABSTRACT: In the present study, Fe3O4@SiO2-NH2 and Fe3O4@SiO2-CS biocompatible 
nanocomposites were synthesized using Fe3O4 MNPs, amorphous silica extracted from rice husk and 
wheat straw agricultural wastes, and APTMS and CS functional groups and applied as an efficient 
nanofiller to modify PES NF membranes structure. Structural analyses confirmed the fine structure 
of synthesized nanocomposites and fabricated membranes. NFM-WS membrane modified by 
Fe3O4@SiO2-CS nanocomposite with 70.6 L m–2 h–1 had higher pure water flux compared with NFM-
RH membrane modified by Fe3O4@SiO2-NH2 nanocomposite with 65.4 L m–2 h–1. Both membranes 
showed the highest salt rejection with more than 80% for Na2SO4 and the lowest salt rejection with about 
10% for MgCl2. Performance of NFM-RH and NFM-WS membranes for removal of Cd2+ heavy metal 
ions were almost the same as 97 and 98%, respectively. NFM-RH and NFM-WS membranes indicated 
high performance with more than 98% for removal of MR dye. NFM-RH and NFM-WS membranes by 
FRR of more than 88 and 93%, respectively, demonstrated an excellent flux recovery ratio. Also, Rt and 
Rir of NFM-RH membrane were about 69 and 12%, respectively, and Rt and Rir of NFM-WS membrane 
were about 50 and 7%, respectively, which displayed excellent antifouling properties of fabricated NF 
membranes. In conclusion, fabricated NF membranes are so efficient for water treatment and in terms of 
environmental are low cost and due to their primary production source are biocompatible.
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1- Introduction
With population growth and industrialization, many 

environmental problems including the water crisis created 
by industrial pollutants especially inorganic salts, heavy 
metals ions, and organic dyes have been caused for human 
societies, which have necessitated the development of 
water and industrial wastewaters treatment technologies 
[1]. Industrial wastewaters, if treated and purified, can 
be considered a valuable source of water for human 
consumption [2]. On the other hand, the discharge of 
industrial wastewaters containing salts, heavy metals ions, 
and dyes in the environment leads to water and soil pollution 
and the accumulation of these pollutants in the environment 
[3]. The release of inorganic salts in water sources used by 
humans through industrial effluents can cause water salinity 
and reduce its quality for human consumption [4]. Heavy 
metals ions are also widely discharged in the environment 
through industrial wastewaters, which due to their stability 
and non–biodegradability in the environment, even at 
very low concentrations, cause bioaccumulation in the 
food chains and cause a wide range of complications and 
disorders including acute poisoning, cancer, mental and 
physical damage [5]. Also, many industrial wastewaters 
contain many organic dyes that by discharging in the 

environment contaminate surface water sources, because of 
various diseases and genetic mutations in humans, reduce 
the transparency of water, prevent the penetration of light 
in the water and disrupt the photosynthetic activities of 
aquatic organisms [6]. Therefore, the concentration of these 
pollutants in industrial wastewaters before discharge to the 
environment should be reduced to standard levels to help 
solve the water crisis in addition to reducing environmental 
problems. Thus, the use of new, cost-effective, and efficient 
methods for the treatment of industrial wastewaters from 
these pollutants in terms of environment and health is 
necessary. In this study, Fe3O4 MNPs were coated with 
amorphous silica extracted from rice husk and wheat straw 
agricultural wastes and functionalized with APTMS and CS 
functional groups and were used as new, biocompatible, 
and inexpensive nanocomposites to modify the structure 
of the PES NF membrane. The structure of synthesized 
nanocomposites and fabricated NF membranes were studied 
using XRD, FT–IR, VSM, SEM, zeta potential, and water 
contact angle and porosity measurement analyses. The 
fabricated NF membranes were applied for measurement 
of pure water flux, rejection of inorganic salts, removal of 
heavy metal ions, retention of organic dyes, and evaluation 
of antifouling properties experiments, and their performance 
was compared.*Corresponding author’s email: a_shahbazi@sbu.ac.ir 
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2- Materials and methods
For the synthesis of biocompatible nanocomposites, 

agricultural wastes of rice husk and wheat straw were used 
as raw materials. In this process, Fe3O4 MNPs were first 
synthesized by the chemical co-precipitation method [7]. In 
the next step, the extraction of amorphous silica (SiO2) from 
rice husk and wheat straw was done by acid leaching method 
and the extracted SiO2 was used as a shell for coating of 
Fe3O4 MNPs to produce Fe3O4@SiO2 [8]. In the next step, 
the synthesized Fe3O4@SiO2 was functionalized using 
APTMS and CS functional groups [9]. Finally, the modified 
nanofiltration membranes with 0.5 wt. % of synthesized 
nanocomposites of Fe3O4@SiO2-NH2 and Fe3O4@SiO2-CS 
related to the total solution weight were fabricated by the 
phase inversion method [3].

3- Results and Discussion
The crystal structure of Fe3O4 MNPs, the amorphous 

nature of the extracted silica, and the successful coating 
of Fe3O4 MNPs using the extracted silica were confirmed 
by XRD analysis. FT–IR analysis confirmed successful 
functionalization of silica surfaces using APTMS and CS 
functional groups. SEM images of the membrane top surface 
confirmed the smooth and without cracking top–surface of the 
fabricated NF membranes. The membranes cross–sectional 
SEM images confirmed the asymmetric and porous structure 
of the fabricated NF membranes. Also, other analyses 
showed that with the addition of the nanocomposites in the 
membranes structure by 0.5 wt.%, the water contact angle 
of the membranes decreased, the overall porosity and mean 
pore radius of the membranes increased and the negative 
charge of the membranes surface increased. In addition, the 
results of the membranes filtration experiments showed that 
with the addition of the nanocomposites in the membranes 
matrix, the pure water flux of the membranes increased 
significantly. The behavior of the fabricated NF membranes 
in rejection of salts was similar to the typical behavior of NF 
membranes. The membranes showed excellent performance 
in removal of heavy metal ions, retention of dye and 
antifouling properties.

4- Conclusion
In general, the fabricated NF membranes in this study are 

efficient, biocompatible, and inexpensive membranes for the 
treatment of water and industrial wastewaters contaminated 
with salts, heavy metal ions, and dyes, and can be used for a 
variety of environmental applications.
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