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Revised: 2021/10/19 Introduction: This study investigated the possibility and efficiency
Accepted: 2021/11/14 of absorbing Cr (VI) ions from the polluted water by employing the
chemically modified natural adsorbents of sawdust and rice bran.
For each adsorbent three chemical modifications were considered
(i.e., acid, biochar and alkali) and the impacts of various adsorbents’
pH values, dosages, concentrations and contact times were studied.
Methods: The colorimetric method using uv/VviS
spectrophotometer was used for Cr determination. Moreover, for
analyzing the characteristics of the modified adsorbents, the
“Scanning Electron Microscope” and “Fourier-Transform Infrared
Spectroscopy” were utilized.

Findings: It was found that the acid sawdust and rice bran had
functioned better than the other chemical modifications. In fact, the
highest efficiency of Cr (IV) adsorption from the polluted aqueous
solutions occurred at pH 2, contact-time of 100 minutes, Cr
concentration of 50 mg/L and adsorbent dosage of 2 g/L by acid
sawdust (96.73%), biochar sawdust (95.60%), acid rice bran
(94.50%), biochar rice bran (94.27%), alkali sawdust (92.36%) and
alkali rice bran (88.6%), respectively. The adsorption kinetics was
agreeably suited to the equations of pseudo second order while the
Freundlich isotherm equation was also suitably expounded the
study’s findings. The findings depicted that the acid and biochar
sawdust and rice bran better than the alkali ones, performed
remarkably in the remediation of the wastewater. This would result
in the wastewater treatment and its reuse for industrial, agricultural
and environmental purposes.
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Extended Abstract

Introduction

Water pollution due to the discharge of
wastewater and the improper waste
management dangerously affects human
health. Heavy metals are one of the most
significant contaminations in the Earth's
resources whose entry into the ecosystem
has been increased significantly. Due to its
efficiency and ease of use, “adsorption” has
been introduced as a prevalent refining
method. In this method, the toxic materials
stick to the surface of the adsorbent pores
which are in fact water-insoluble
compounds. Chemically modified
agricultural adsorbents may have higher
adsorption capacities than unmodified ones.
In effect, this study has put the Cr (VI)
removal efficacy of the modified rice bran
and sawdust (acid, alkali and biochar) from
the polluted aqueous solutions under
experiment. Accordingly, the possible effects
of different pH values, the adsorbent’s
dosages, initial concentrations and contact
times were focused to achieve the optimal
condition for the adsorbing process. The
isotherms and kinetics analyses of the
modified adsorbents were also investigated.

Materials and Methods

Potassium dichromate, Sodium hydroxide,
Nitric acid and 1:5-Diphenylcarbazide
(C13H14N4O, CAS  Number 140-22-7,
Molecular Weight 242.28 g/mole) were the
chemicals and reagents utilized for study
prepared from valid, academic laboratories.
To make the Cr (VI) stock of 1000 mg/L, the
exact quantity of potassium dichromate was
dissolved in 1000 CC of water which was
deionized. The desired concentration of Cr
(VD) solution (50,150 and 200 mg/L) was set
by attenuating the solution immediately
before utilization. The pH value of the
solution was also adjusted employing 0.1 N
Sodium hydroxide or 0.1 N of Nitric acid.
Scanning Electron Microscope (model S-
4160) was used to examine the surface
morphology of the adsorbents’ samples. FT-
IR Spectrometer (model TENSOR, BRUKER)
was employed to record the FT-IR spectra of
the acid, alkali and biochar modified rice

bran. The regulation of pH in solutions of Cr
(VI) was carried out by a pH meter (Eutech,
pH 5500 model). The Cr (VI) concentration
was measured after the adsorption process
by a UV-vis Spectrophotometer (DR 5000,
HACH, USA) at 540 nm. Rice bran/sawdust
samples were thoroughly washed and dried
at 70°C for 24 hours by the oven and then
were placed in a desiccator to take the
moisture away completely. After drying, the
adsorbents were powdered using an electric
mill (which was devoid of chromium alloy)
and passed through two sieves with 50 and
100-micron meshes. For preparing the acid
adsorbents, they were placed in a saturated
container (5 cm of 1 M hydrochloric acid on
the adsorbent surface) for 24 hours. The
suspension was put in shaker for 1 hour by
the pace of 150 rpm. The resulting material
was filtered by filter paper and thoroughly
rinsed with distilled water to equalize the
electrical conductivity and the pH of the inlet
and outlet water of the filter paper [17]. For
modifying alkali adsorbents, they were
exposed to saturated NaOH solutions (0.4
mol/L) in a container for 24 hours, rinsed
twice and dried at 70 ° C for a whole day. To
prepare the biochar adsorbents, the samples
were placed in an electric furnace in the
oxygen in the environment inside the
furnace containing raw materials was
exhausted or absence of oxygen. They were
carefully weighed and poured into
containers with lids. In order to create low or
no oxygen conditions inside the furnace,
several candles were lit so that the
remaining its amount was minimized and
the conditions for the pyrolysis process were
provided. Also, the oven door was
completely sealed with refractory grease
and the adsorbent samples heated at 700 °C
for 3 hours [19]. For scrutinizing the impact
of Cr (VI) concentration the concentrations
of 50, 150, and 200 mg/L were chosen,
moreover, the influence of the contact
duration was evaluated using four durations
of 20, 40, 80, and 100 minutes. In addition,
the effect of the adsorbent’s dosage was
checked by the dosages of 0.5, 1, and 2 g/L
and for determining the effect of pH, the pH
values of 2, 4, and 6 were selected. The
experiments were carried out in a batch
reactor (with a useful volume of 100 mL) for
three times at laboratory temperature.
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Findings

In this study, removing the Cr (VI) from
solutions by the process of adsorption
employing modified rice bran and sawdust was
examined under various circumstances for
optimizing the efficiency of the process.
According to results, decreasing Cr (VI)
concentration, pH, and increasing the adsorbent
dosage were effectively led to the enhancement
of the Cr (VI) removal efficacy. It was also
found that the modification of the adsorbents
with acid was remarkably more promising than
the biochar and alkali modifications for the Cr
(VI) removal. In fact, the highest efficiency of
Cr (IV) adsorption from the polluted aqueous
solutions occurred at pH 2, contact-time of 100
minutes, Cr concentration of 50 mg/L and
adsorbent dosage of 2 g/L by acid sawdust
(96.73%), biochar sawdust (95.60%), acid rice
bran (94.50%), biochar rice bran (94.27%),
alkali sawdust (92.36%) and alkali rice bran
(88.6%), respectively. Comparison of SEM
images before and after Cr (VI) adsorption it
was revealed that discontinuity and porosity
and irregularity and destruction of adsorbents’
surfaces were effective for the adsorption of
chromium Cr (V1). The adsorption kinetics was
agreeably suited to the equations of pseudo
second order (almost 1 for all the modified
adsorbents) while the Freundlich isotherm
equation was also suitably expounded the
study’s findings.

Discussion

Considering the urgent problem of the
limited water resources in the country, the
treatment of polluted or wastewater seems
to be imperative. Consequently, many
researchers have focused on the possibility
of wastewater reuse for agricultural
purposes. This study has focused on the
wastewater treatment as a process which
aims to reduce the concentration of
pollutants in wastewater to the level allowed
by current regulations. Among different
treatment conditions, the best treatment
efficacy was observed at the optimum
condition of pH of 2, the adsorbent dose of
2.0 g/L, the contact duration of 100 minutes
and the Cr (VI) concentration of 50 mg/L and
for the acidic adsorbents. Treating the
polluted wastewater is the most
economically justifiable technique for saving
the water resources.

Conclusion

The findings imply that the chemically
modified organic adsorbents would have
promising performance in the remediation
of the wastewater containing Cr (VI).
Considering the fresh water shortage,
treating the polluted water and reusing it
seems to be an imperative. Similar studies
can be done focusing on the economic
benefits of wastewater treatment, adsorbing
other contaminants from the polluted water,
or examining other organic absorbents for
the treatment process. This may provide
insights for overcoming the challenge of
water resources shortages and would pave
the way for the treated wastewater reuse for
industrial, agricultural and environmental
purposes.
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