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1. Introduction

Nowadays, the water consumption has increased
dramatically with the growth of the human population.
Lack of water can threaten human health and cause many
diseases. In 2019, about 785 million people did not have
access to drinking water, and by 2025, human kind will
faced more drinking water shortages. New technologies in
the field of nanocomposites have been wused for
environmental protection and wastewater treatment by
removing of various pollutants such as dyes, drugs, etc.

2. Characterization of different nanocomposites

To characterize nanocomposites obtained from metals and
metal oxide nanoparticles, several methods such as FTIR,
SEM, TGA, BET, XRD, etc. could be used (Figures 1-3).
Thermal analysis methods are used to check the thermal
balance of nanocomposite. Scanning electron microscope
images are used to analyze the homogeneity, unevenness,
and morphology of materials.
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Figure 1. XRD of (a) alginate, (b) magnetic ferrite and (c)
magnetic ferrite - alginate composite

3. Dyes and methods of dye removal from wastewater
Dyes play an important role in people's lives and have been

used since ancient times. The first synthetic dye was
synthesized and identified in 1856 by William Henry
Perkin. There are several methods of wastewater treatment
by dye removal which can be classified as (i) physical
(adsorption, membrane, etc.) (ii) chemical (ozonation,
Fenton reaction, electrochemical degradation,
photochemical irradiation, advanced oxidation process,
etc.), and (iii) biological (aerobic and anaerobic) processes.
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Figure 2. SEM image of synthesized nickel-zinc ferrite
nanoparticle
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Figure 3. FTIR spectrum of (a) alginate, (b) magnetic ferrite,
and (c) magnetic ferrite - alginate composite
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4. Factors affecting pollutant
nanocomposites as adsorbents

Dye removal increases with adsorbent dosage due to the
increase in adsorbent surface area and the availability of
more adsorption sites (Figure 4).
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Figure 4. Effect of adsorbent dose on dye removal by
magnetic ferrite - alginate composite

The effect of initial pH on dye removal by magnetic ferrite
- alginate composite is shown in Figure 5. Dye removal
decreases by increasing pollutant pH due to the repulsion
between pollutant molecule and adsorbent surface.
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Figure 5. Effect of pH on dye removal by MFN-alginate

In Figure 6, the influence of wt% of MOF in MOF@GO
and MOF@CNT on the adsorption capacity is investigated.
Dye adsorption capacity increases by increasing pollutant
concentration and then decreased.
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Figure 6. The influence of wt. % of MOF in MOF@GO and
MOF@CNT on the adsorption capacity

In order to further investigate the adsorption process, the
effect of the initial dye concentration (50-100 mg/L of
malachite green) was studied (Figure 7). Dye adsorption
capacity increases by increasing pollutant concentration.
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Figure 7. The effect of the initial concentration of green
malachite on the efficiency of the adsorption process

5. The method of adsorption process

The dye adsorption measurement is done by mixing
adsorbent nanoparticles in dye solution. At the end of the
adsorption tests, the adsorbent particles are separated and
the initial concentration of the dye is determined. The
results are confirmed by adsorption kinetics isotherms, and
thermodynamics.

6. Conclusion

Dyes cause water pollution in the aquatic environment, and
to prevent pollution, dye removal methods are needed. In
this article, the use of different nanocomposites as dye
adsorbents has been reviewed with an emphasis on the
efficiency of the adsorption process. The methods
mentioned for the dye removal show that although
chemical methods are very efficient, they should not be
used alone in dye removal processes due to their harmful
effects. Among all dye removal methods, the adsorption
process (physical method) is one of the best methods for
dye removal. Researchers should use new adsorbents to
remove the dye. Adsorbent selection should be based on
ease of availability, cost, and renewability. The
development of biocomposite materials can be considered
as promising adsorbents for water treatment to remove
organic pollutants due to their high adsorption capacity,
and easy regeneration of saturated adsorbent (Figure 8).

MIL-53(Fe)

Figure 8. Biocomposites as promising adsorbents for water
treatment to remove organic pollutants
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Removal of Organic Pollutants from Colored Wastewater using Nanocomposite Adsorbents
Ali Hosseinian Naeini  Mohammadreza Kalaei Omid Moradi Niyaz Mohammad Mahmoodi

Abstract The presence of various organic pollutants such as dyes in water changes the color of water or its quality and
creates a terrible effect on the health of all creatures on the planet. Today, researchers have done a lot of research in the
field of removing organic pollutants and have chosen the best method for wastewater treatment, which includes the
adsorption process, the main reason for which is the low cost and simplicity of this method. Several methods including
physical (adsorption, membrane, etc.), chemical (advanced oxidation, photo-Fenton, ozonation, etc.), and biological
processes are used to remove dyes. In this research, the removal of dyes as organic pollutants with different
nanocomposites with parameters affecting surface adsorption, which include adsorbent dosage, equilibrium absorption
capacity, solution pH and temperature, and based on isotherm, kinetics, and thermodynamics, have been investigated
with different models. The results showed that the adsorption process has a great impact on the environment with
wastewater treatment.

Keywords Nanocomposite adsorbent; Colored wastewater; Organic pollutant removal
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