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Fig.1. Nano-particle X-ray diffraction
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Table 3. Constants of adsorption kinetic model for absorbing chromium on nano-adsorbent
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Abstract

Chromium is one of the toxic heavy metals that increase its concentration naturally or through anthropogenic
sources such as human activities. The presence of chromium in excess of the maximum permitted levels may
lead to the threat to humans and biota. Therefore, the present study aimed to remove hexavalent chromium
from aqueous solution by manganese ferrite nanoparticle. MnFe,O4 nanoparticles are an effective absorbent
for the removal of organic and inorganic materials. In this study, MnFe,O, was prepared based on co-
precipitation method. The adsorbent properties were determined using scanning electron microscopy (SEM),
X-ray diffraction (XRD). The absorbent were prepared to remove hexavalent chromium from aquatic
solution. In order to obtain the highest removal percentage and understand the mechanism, the effects of
different factors such as pH, time, initial concentration and temperature were investigated. In this research,
the effects of pH (2, 5, 7, 9 and 11), contact time of 2 to 360 minutes and concentrations of 1 to 200 mg/l and
temperature (283 to 328 K) for the removal of hexavalent chromium were considered. The agitation
parameter was kept constant for all experiments at 170 rpm. The results of the adsorption were interpreted by
Langmuir and Freundlich isotherm models. The Cr concentration in each sample was detected by atomic
absorption (AA240). Moreover, first-order, and second-order models were also considered for the evaluation
of adsorption mechanism. Further, the intraparticle diffusion model for chromium adsorption on adsorbent
was studied. The thermodynamic variables including the standard enthalpy, standard entropy, and Gibbs free
energy for the adsorption process were calculated. The results of nanoparticle synthesis showed that the
nanoscale dimensions were less than 200 nm, and the shape of the spherical particles followed the cubic
spinel structure. Moreover, the pH of zero point of the nanoparticle was 6.8. The results of the removal of
chromium from aqueous solution showed that hexavalent chromium were more effectively removed at pH=2
in solution. Kinetic studies showed that the removal of chromium followed the second-order kinetic model.
Intrinsic particle diffusion model showed that single-particle intrusiveness was not present and absorption
consists of two steps: first, pushing the absorbent layer onto the adsorbent surface and then penetrating the
molecule inside the pores. Isotherm observations also expressed that the removal of chromium is followed
the Langmuir model, and the maximum absorption capacity of the hexavallent-chrome is 34.84 mg/g. The
resulting value of n=2.92 (Freundlich isotherm) indicates the chemical absorption of chromium on the
adsorbent of hexavalent chromium. The effect of temperature on the removal of chromium showed that the
increase in temperature from 283 to 328 ° C led to increase in the absorption of chromium by nano-
adsorbent. The highest adsorption rate occurred at 328 © K. The amount of AG was negative and AH reacted
positively. This is indicated that chromium-reacted manganese ferrite is chemically thermostable and
spontaneous. From the above results it can be concluded that the absorption of chromium on manganese
ferrite is chemical. The present study showed that manganese ferrite nanoparticles have a high potential for
removal of hexavalent chromium from aqueous and wastewater solutions.

Keywords: Chromium, Nano-Manganese ferrite, Kinetics, Thermodynamics, Isotherm.
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