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Heavy metals are of the most dangerous and hazardous
environmental contaminants for humans. In the present study,
adsorption method, which is known as one of the most effective
and economical methods to reduce pollution related to heavy
metals, was used to simultaneously remove chromium (VI) and
mercury from contaminated water. The adsorbent was
synthesized by modifying magnetized graphene oxide with
magnetic iron nano-oxide by tetrahydro- silane and 3-
chloropropyl trimethoxy-silane. It was found that the highest
amount of adsorption occurs at pH 6.5. In addition, by increasing
the concentration of contaminants by up to 150 mg / 1 and also
reducing the adsorbent dose to 0.5 g / |, the adsorbent capacity
increased. Physical, chemical and morphological properties of
the adsorbent were determined using EDS and FE-SEM analyses.
Freundlich, Langmuir and Temkin, and Baghdadi (UT) isotherms
were studied and the results showed that the adsorption process
in both heavy metals follow the Langmuir model. The Langmuir
isotherm was then plotted at different pH, with the highest
adsorption capacity for mercury at pH 6.5 and 109 mg / g
adsorbent and for chromium (VI) at 99 pH and 99 mg.
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EXTENDED ABSTRACT

Introduction

Environmental pollutants, particularly heavy metals, are now a global threats to
humanity. Chromium is one of the most common toxic ions contained in industrial waste
water. Chromium salts are often used to manufacture leather products, paint, cement and
anticorrosives. As a consequence, they can enter the environment from the discharge of
steel, electroplating, tanning industries, etc. Chromium might also enter the tap-water
supply from the corrosion inhibitors used in water pipes and containers. Chromium has
been found to be a highly toxic metal element for microorganisms and plants. The
entrance of chromium into the environment affects the growth of plants and metabolic
functions of living species. Moreover, chromium has been reported as a carcinogenic agent
in lung cancer. The most prominent example of toxic chromium is hexavalent chromium.
The toxicity of Cr (V1) is due to its strong oxidational properties and easy permeation of
biological membranes. The World health organization (WHO) has established the
maximum amount of total chromium in drinking water to be 0.05 mg L-1, while in Japan,
maximum tolerable values for waste water are 0.5 and 0.05 mg L-1 for total chromium
and Cr (VI), respectively.

Methodology

All chemicals were of analytical reagent grade. Ferric chloride (FeCl3.6H20), ferrous
chloride (FeCl2.4H20), ammonia solution (25 wt%), and sodium perchlorate were
purchased from Merck (Darmstadt, Germany). Tetraethyl orthosilicate (TEOS), methanol,
acetonitrile, toluene, N-methylimidazole, 3-chloropropyltrimethoxysilane, yttrium (III)
nitrate hexahydrate, trimethylamine and 2-propanol were also purchased from Merck™
(Darmstadt, Germany). The working solution was prepared daily with the required
dilution. Double distilled water was used for preparing all the solutions. Tap water was
collected from the laboratory. The preparation method of this absorbent was based on a 3-
step synthesis: (1)Synthesis of GO, (2) Synthesis of MGO@SiO2@IL, and (3) Synthesis of
Ionic-Liquids modified MGO@SIO2@IL@Silica coated(Figure 1).

Physical, chemical and morphological properties of the adsorbent were determined
using EDS and FE-SEM analyses. Freundlich, Langmuir and Temkin, and Baghdadi (UT)
isotherms were studied and the results showed that the adsorption process in both heavy
metals follow the Langmuir model. The Langmuir isotherm was then plotted at different
pH, with the highest adsorption capacity for mercury at pH 6.5 and 109 mg / g adsorbent
and for chromium (VI) at 99 pH and 99 mg.

The batch reactor was placed on a magnetic stirrer and started with constant stirring
throughout the entire test. Every 10 min, the sample was taken from the middle of the
container for metal concentration measurement. Finally, all samples were centrifuged at a
rate of 2000 rpm for 10 minutes. The metal concentration before and after treatment was
determined by the Atomic Absorption Spectrophotometer (AAS) in each sample. All
experiments were performed in triplicate at room temperature.

Heavy metal removal efficiency was determined by equation (1) as follows:
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where, €, and (; is initial and Heavy metal concentration, respectively. The effect of pH
change, as well as the effect of the adsorbent dosage and the initial concentration of the

pollutant, was carried out by Expert Design software, and the related tests were
performed according to the designs of this software.

Results and discussion

Characterization of absorbent

MGO@SIOZ@IL nanocomposite was characterized by scanning electron microscopy
(SEM), transmission electron microscopy (TEM), X-ray diffraction (XRD) and X-ray
photoelectron spectroscopy.
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Figure 1. Schematic representation of synthesis of IL-modified MNPs.

Sorption experiments

The effect of pH on sorption of MGO@SiO2@IL toward Cr and Hg was investigated by
mixing 20 mg MGO@SiO2@IL with 20 mL of 200 mg/L Cr, or 20 ml of 90 mg/L Hg at
different initial pH values under stirring for 24 h. For Hg, the initial pH values varied
between 3 and 10, but for Cr, the initial pH values ranged from 3 to 8. After magnetic
separation, the concentrations of Cr and Hg were measured.
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Figure 2. (A) Three-dimensional diagram of the effect of pH and adsorbent dose on the amount of
absorbent capacity; (B) Three-dimensional diagram of the effect of pH and chromium concentration on
the amount of absorbent capacity; (C) Three-dimensional diagram of the effect of adsorbent dose and
pollutant concentration on the amount of absorbent capacity.

Kinetic experiments were carried out by mixing 20 mg MGO@SiO2@IL with 20 mL of
200 mg/L Cr, or 20 mL of 90 mg/L Hg aqueous solutions in conical flasks at pH 6.0. The
samples were withdrawn at predetermined times of 5 min, 25 min, 45 min, 1 h 45 min, 2 h
45 min, 4 h 45 min, 6 h 45 min, 10 h 45 min, 24 h, 36 h, and 48 h. After magnetic
separation, the residual concentrations of Cr and Hg were measured. The sorption
quantity at any time was calculated.

Table 1. Error calculations for mercury.

Adsorption Isotherm Model R2 RMES  AARE X2
Freundlich 0/997 1/217 0/016 0/018
Langmuir 0/999 0.229 0/0071 0/0034

YUT Baghdadi 0/996 1/310 0/016  0/017
Temkin 0/997 1/269 0/0098 0/0057

Conclusion

The present study attempted to investigate a practical and cost-effective solution for
removal of mercury and chromium (VI) from aqueous solutions by using new adsorption
taking into consideration the problems related to mercury and other heavy metals such as
chromium (VI) in the Persian Gulf and the water environment of Iran in the south of the
country. Removal of mercury from sea water and industrial effluents of petrochemical
plants existing in the region is extremely expensive, difficult and impractical due to high
volumes, salinity and TDS. Heavy metals from wastewater were analyzed and the surface
adsorption method was selected as the best method in recent articles. Based on the use of
the same method, an attempt was made to produce an effective and efficient adsorbent.
The optimal adsorbent was selected and then the characteristics of this adsorbent and the
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influence of various factors on its efficiency were investigated. The isotherm that the
absorption process follows was adopted and the absorption isotherm was drawn at
different pHs. It was found that for both pollutants, the maximum absorption capacity was
at pH 6.5. and the speed of the absorption process was very high (less than 5 minutes). The
thickness was determined in all stages of construction and compared. It was shown that
the absorption capacity increased with increasing temperatures. It was shown that
increasing the contact time had no effect on increasing the absorption, and the absorption
of mercury and chromium was achieved quickly. The adsorption process was favorable
and followed the Langmuir adsorption isotherm (R = 0.998). In general, the modified
adsorbent can be used as an efficient adsorbent to remove mercury and chromium
simultaneously.
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