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Abstract

Increasing population and water consumption in agriculture and industry
sectors enhanced the entry of various pollutants into the environment and water
resources. In this study, the removal of lead from water by three adsorbents,
sepiolite clay, corn biochar, and corn biochar-clay complex were investigated.
For this purpose, the adsorption isotherms and kinetics were performed by the
three studied adsorbents. By increasing the concentration in lead from 50 to
1500 mg L, the absorption capacity of the adsorbents increased, but the
absorption percentage decreased. The results showed that the lead highest
absorption capacity is related to the corn biochar adsorbent, while the clay-
biochar complex had a higher absorption capacity than the clay adsorbent. To
study the absorption process, Langmuir and Freundlich's isotherms were
checked for each adsorbent and it was found that the absorption of lead follows
both models, but the Langmuir model with the highest coefficient of
explanation (R2) and the lowest sum of squared standard error (SSE) has the
best fit. The effect of contact time with the adsorbent on the absorption rate
was investigated and it was found that the absorption efficiency increased with
increasing contact time. The pseudo-first-order, pseudo-second-order, Elovich
and intraparticle diffusion kinetic models were fitted for lead at concentrations
of 600, 1000 and 1500 mg L in 30 to 1440 min. The Elovich model at the
concentration of 500 mg/L and the pseudo-second order model at the
concentrations of 1000 and 1500 mg/L showed the best fit with the laboratory
data. At low concentrations, the clay-biochar complex showed better
absorption performance, but biochar was a better absorber with increasing lead
concentration than the other two adsorbents.
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1.  Introduction

In the future, water resources will be more at risk of pollution than limited water availability. Lead has no
biological role and is toxic even in small amounts. Adsorption is one of the most suitable methods that has
been used to remove heavy metal ions from aqueous media due to low cost, high efficiency, and ease of
operation. Coal produced from plant biomass and agricultural waste during the pyrolysis process is called
biochar. This process is the slow and gradual burning of organic matter in the deficiency or absence of
oxygen. Chen et al. (2011) reported that biochar prepared from plant wastes such as pine wood, crop residues,
forest wood, corn straw, and sugar beet can absorb lead, copper, zinc, and chromium from aqueous solutions
(Chen et al., 2011). Recently, the tendency to use clay minerals as natural adsorbents has been widely used
to remove heavy metals from effluents contaminated with these metals (Kubilay et al., 2007). This study aim
to use biochar from natural corn waste obtained from oil production plants in combination with sepiolite
clay in wastewater treatment to remove lead for use in agriculture.

2. Materials and Methods

In this study, to investigate the removal of lead from aqueous media, sepiolite clay, biochar produced from
corn plant residues and the combination of clay and biochar were used. Infrared spectroscopy (FTIR)
experiments were performed on complex clay, corn biochar, and clay-biochar complex samples. To
determine the structure of the adsorbents, scanning electron microscopy (SEM) images of clay, corn biochar,
and clay-biochar complex were taken. To prepare a solution containing Pb, lead nitrate salt (MERK) with a
molar mass of 331.2 g / mol was used. In this study, the removal of Pb metal from water by three adsorbents
including sepiolite clay, corn biochar and clay-biochar complex were investigated. For this purpose,
experiments related to adsorption isotherms and adsorption kinetics were performed by the three adsorbents.
This study used Langmuir and Freundlich models to predict the adsorption isotherm parameters
(Sheikhhosseini et al., 2006). Kinetic experiments were performed at 25 ° C for 30 to 1440 min. Various
kinetic models such as quasi-first order (Liang et al., 2013), second order quasi (Liang et al., 2013), Elovich
and intra-particle scattering were used to predict the kinetic adsorption parameters (Ozcan et al., 2009).

3. Results

Comparison of the functional groups of sepiolite clay, clay-biochar complex and corn biochar by FTIR
infrared spectroscopy showed that the combination of clay-biochar complex occurred well and the functional
groups bore results from the combination of clay and biochar groups. The results of SEM scanning electron
microscopy showed that the sepiolite clay had a needle-shaped morphology with small cavities and pores,
the corn biochar had many holes and cavities in the form of a honeycomb, and the clay-biochar complex also
had cavities with the presence of clay, which indicates it is a good platform for trapping ions.

4.  Discussion and Conclusion

The adsorption capacity for all three adsorbents increased with increasing the initial concentration of Pb.
The highest amount of adsorption capacity at a concentration of 1500 mg L was related to corn biochar
adsorbent. The adsorption percentage in biochar adsorbent increased from 50 to 600 mg L™ and then
decreased. The Langmuir model showed a better fit with the laboratory data on Pb adsorption for all studied
adsorbent. According to the Langmuir model, the maximum adsorbed Pb is related to the biochar. In Pb
adsorption kinetics at a concentration of 500 mg L, the Alovich model fit better fit with laboratory data. At
this concentration, the adsorption rate of biochar was higher than other adsorbents. The quasi-second-order
model showed the best fit with laboratory data at concentrations of 1000 and 1500 mg L.
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Removal of Pb from Aqueous Solution Using Sepiolite Clay, Corn Biochar,
and Clay-biochar Complex

Soroosh Soleymanian?, Zahra Ganji Norouzi?, Vajiheh Dorostkar®, Mohammad Hadi Movahednejad?,
Mashallah Rezakazemi®

Abstract

Increasing population and water consumption in agriculture and industry sectors enhanced the entry of
various pollutants into the environment and water resources. In this study, the removal of lead from
water by three adsorbents, sepiolite clay, corn biochar, and corn biochar-clay complex were
investigated. For this purpose, the adsorption isotherms and kinetics were performed by the three
studied adsorbents. By increasing the concentration in lead from 50 to 1500 mg L-1, the absorption
capacity of the adsorbents increased, but the absorption percentage decreased. The results showed that
the lead highest absorption capacity is related to the corn biochar adsorbent, while the clay-biochar
complex had a higher absorption capacity than the clay adsorbent. To study the absorption process,
Langmuir and Freundlich's isotherms were checked for each adsorbent and it was found that the
absorption of lead follows both models, but the Langmuir model with the highest coefficient of
explanation (R2) and the lowest sum of squared standard error (SSE) has the best fit. The effect of
contact time with the adsorbent on the absorption rate was investigated and it was found that the
absorption efficiency increased with increasing contact time. The pseudo-first-order, pseudo-second-
order, Elovich and intraparticle diffusion kinetic models were fitted for lead at concentrations of 600,
1000 and 1500 mg L-1 in 30 to 1440 min. The Elovich model at the concentration of 500 mg/L and the
pseudo-second order model at the concentrations of 1000 and 1500 mg/L showed the best fit with the
laboratory data. At low concentrations, the clay-biochar complex showed better absorption
performance, but biochar was a better absorber with increasing lead concentration than the other two
adsorbents.

Keywords: lead, adsorbent, sepiolite, biochar, Langmuir model, Elovich model, adsorption kinetics model.

1 MS. Graduated Student, Soil and Water Department, Faculty of Agriculture, Shahrood University of Technology,
Shahrood, Iran (soroushsoleymanian@gmail.com)

2 Assistant Professor, Soil and Water Department, Faculty of Agriculture, Shahrood University of Technology,
Shahrood, Iran (z_ganji@shahroodut.ac.ir)
3 Assistant Professor, Soil and Water Department, Faculty of Agriculture, Shahrood University of Technology, Shahrood,
Iran (vdorostkar@shahroodut.ac.ir)

4 Assistant Professor, Soil and Water Department, Faculty of Agriculture, Shahrood University of Technology,
Shahrood, Iran (mhmovahed@shahroodut.ac.ir)
5 Associate Professor, Faculty of Chemical and Materials Engineering, Shahrood University of Technology, Shahrood, Iran
(rezakazemi@shahroodut.ac.ir)

fY.



