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ABSTRACT

In this work, corncob waste was used as a solid adsorbent for removal of
Pb, Ni, Zn, Cd ions from aquatic ecosystem through batch techniques. The
influences of bio-sorbent dose, pH, concentration of metal ions and contact
time with biochar on these heavy metal ions removal percentages were
investigated. Optimum removal of Pb, Ni, Zn and Cd ions was achieved at
bio-sorbent dose (3g), and contact time (90 min.). Desorption experiments
were performed due to the importance for the financial competitiveness of
biosorption with other process, indicating that (2.5 M) sodium hydroxide is
the most promising desorbing agent for efficient sorbent regeneration. The
results of this study confirm that corncob waste can be beneficially used for
treating aquatic ecosystem containing Pb, Ni, Zn and Cd ions.
Key words: Adsorption, Biochar, Water pollutants, Biosorbent.

INTRODUCTION
With the rapid development of industrial activities, a large amount of
industrial effluents containing heavy metals are released into surface and
underground water, which resulted in a number of environmental problems
(Barakat, 2011). Heavy metals such as lead, copper, and cadmium are toxic
and non-biodegradable. They can accumulate in living organisms. and may

thus pose a threat to human health (Kumar et al., 2014). Therefore, it is very
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important to develop effective technologies to treat heavy metal polluted
wastewater before their discharge into natural environment. Although
advanced water treatment technologies provide many good solutions to
remove heavy metals, most of them may be associated with high operating
cost and/or sludge disposal problems (Fu and Wang, 2011). Adsorption is
considered a cost-effective choice for heavy metal removal from wastewater,
especially at medium or low ion concentrations because it is economical, easy
to handle and highly efficient (Hu et al., 2015; Inyang et al., 2012). Many
studies have suggested bio-sorbents derived from waste biomass such as
agricultural residues as a promising alternative agents for the treatment of
heavy metals while reducing both preparation and running costs (Demirbas,
2008; Zhou et al., 2014).

Biochar, a pyrogenic carbon material derived from biomass, is one of the
biosorbents that has received increased attention recently because of its strong
affinity for various contaminants in water (Wang et al., 2015b; Yao et al.,
2012; Zhou et al., 2014).

Biochars produced from waste biomass such as agricultural and forestry
residues have shown good sorption ability to a variety of heavy metal ions in
aqueous solutions (Ahmad et al., 2014; Mohan et al., 2014). Recently,
techniques have been developed to produce engineered biochars with
enhanced sorption ability to heavy metals, as well as, other contaminants in
water.

In this work, we performed treatment of wastewater from inorganic
pollutants. An adsorption technique was used for this treatment. Preparation a

suitable adsorbent for decontamination of wastewater is one of aims of this
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work. We removed Pb, Zn, Ni and Cd ions as an example of inorganic
pollutants.

MATERIAL AND METHODS

Biochar was prepared through direct pyrolysis of corn cob to be used for
the removal of heavy metals from water. A range of experiments were
conducted to evaluate the sorption ability of the biochar to Pb, Zn, Ni and Cd
ions in aqueous solutions. The steps of this work were as follows:

(1) preparation and characterization of biochar; (2) assessment of the
adsorption ability of the biochar to lead, Zinc, Nickel and cadmium; and (3)
determination of the effects of contact time, pH, concentration of metal ions
and sorbent dosage, on the adsorption of the heavy metal ions onto the
biochar.

Reagents and apparatus: Single component stock solutions of 1000 mg/L of
metal ions were prepared by dissolving appropriate amounts of 1.57g lead
acetate, 2.77 g zinc nitrate, 1.69g cadmium chloride, and 2.21g nickel
chloride in deionized water. The solutions were acidified with small amount
of nitric acid. These chemicals were supplied by Sigma-Aldrich (Germany)
and used without further purification. Dilution was used for preparation the
required concentrations for the various steps of the investigation.
Hydrochloric acid HCI (Merck) 1% (V/V) and/or sodium hydroxide NaOH
(Merck) were used for pH adjustment of the synthetic wastewater. A WTW
digital pH meter model “525” (Germany) was used for the pH adjustment.

Shaker (Stuart, UK) was also used for mixing the samples with sorbent.
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Preparation of biochar: Corncob were obtained from the cones were
washed thoroughly with distilled water to remove impurities such as sand and
leaves. The washed cones were then dried at 70 °C for 24 hrs in an oven.

The scales on the dried cones were then removed and ground in a
crusher. The resultant ground material powders were passed through British
Standard Sieves (BSS) of 150 um, and amount of corncob was weighed then
they were crushed to small particles, the carbonization process was performed
in muffle oven at 500 °C with 5 °C/min for 2 hours in semi- closed system.
After that, the carbonized materials were washed with 0.1 N HCI and
distilled water, until the pH of water become from 6.8 to 7. Then it was dried
in oven at 105°c over night. Then it was collected in an airtight plastic
container and used for analysis, as well as, for adsorption experiments.

All plastic sample bottles and glassware were cleaned, then rinsed with
deionized water and dried at 60°C in a temperature controlled oven.
Adsorption procedure: Adsorption measurements were determined by batch
experiments of known amount of the sample with 50 mL of aqueous
adsorbate solutions as per in a series of 100 ml glass bottles. The mixtures
were shaken in a constant temperature orbital shaker at 250 rpm at 300C for a
given time and then the suspensions were filtered through a whatman glass
micro filter and the filtrates were analyzed using inductive coupled plasma
optical emission spectroscopy instrument (ICP-OES) model (Agilent 5000
series). The experiments were carried out by varying the pH value of
wastewater, contact time, and the amount of adsorbent. The removal

efficiency was calculated based on the following equation Eq.:
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Where Cy (mg/L) and C; (mg/L) are the concentrations in the solution at
timet=0and at time t.
The kinetics of adsorption was carried out at low and high initial metal ion
concentrations and at different pHs using the same adsorption procedure
stated above. The only difference was that samples were collected and
analyzed at regular time intervals during adsorption process.
Effect of pH and dose of biochar: Single component solutions of Cd (1), Ni
(1), Pb (I1), and Zn (I1) with initial concentration 50 mg/L, 2.0 g/L of biochar
dose, 250 rpm speed, 90 min contact time and pH ranging from 3 to 6.5, the
removal efficiency of metal ions using different dose of biochar was
estimated for initial metal ion concentration of 50 ppm (mg/l) at (0.25-3 g/l)
respectively.
Effect of contact time and concentration of metal ions: To determine the
required time for obtaining equilibrium, single component solutions of Cd
(1), Ni (1), Pb (11), and Zn (1) with initial concentration 50 mg/L mixed at
250 rpm with 2.0 g/L of biochar for interaction at pH 6.5.
Single component solutions of different metal ions with different
concentrations of 50, 75, 100 and 200 mg/L were mixed at 200 rpm with 2
g/L of biochar for equilibrium time 90 min at pH 6.5.
Point of zero charge (PZC): The point of zero charge (PZC) of the prepared
biochar was determined by using 0.01 mol/L NaCl solutions, at 298 K. Given
volumes (50 mL) of 0.01 mol/L NaCl solution were taken and mixed with 50

mg of biochar, in different beakers. The pH values of the solutions were
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adjusted to 2, 4, 6, 8, 10and 12 using HCI or NaOH solutions. The initial pH
of the solutions was recorded and each flask was covered with parafilm and
shaken for 24 h. The PZC value is found at different of pH zero.

RESULTS AND DISCUSSION

pH plays a very important role in the sorption of heavy metals, since it
affects the surface charge of the adsorbent and the metal species present in the
solution. The influence of the initial pH of Cd (1), Ni (11), Pb (11), and Zn (1)
solutions on the removal efficiency has been evaluated under the following
conditions. Fig 1. Represents the removal efficiency of Cd (II), Ni (Il), Pb
(1), and Zn (11) at different pH's
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Fig. (1): Effect of pH on the removal efficiency of metal ions on biochar
Figure 1 revealed that there is an increase from 12 % to 52 % % for Cd
(1), 14 % to 62 % for Ni (11), 11 % to 42 % for Pb (1), and 13.5 to 58 % for
Zn (I1). Notably, adsorption of Cd (II), Ni (II), Pb (Il), and Zn (II) ions on
biochar surface increased with increase in pH of solution. The point of zero
charge of biochar is 5.7, so the surface of adsorbent will be positively charged
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at lower pH due to adsorption of hydrogen ions on the surface of adsorbents.
At the same time, metals will be positively charged so it is hardly adsorbed at
lower pH. Meanwhile, at higher pH value, surface of biochar is negatively
charged, and suitable for uptake the positively charged metals ions and
consequently the removal efficiency is increased as well.

Fig. 2 represents a plot of the amount of zinc, cadmium, nickel and lead
metal ion removal efficiency versus different dose of biochar for metal ion
concentration of 50 mg /I, respectively. Firstly, the adsorption rate of metal
was enhanced with the biochar amount, whilst the more amount of biochar
give a higher surface area and more active sites for adsorption. In case of
adsorption of metals, the over amount of sorbent in the solution may lead to
slight increase adsorption rate (ca: 8 %). This may be due to owe to
agglomeration that diminishes the adsorption because active sites for
adsorption are not completely occupied. From economic point of view, 2 g/L

is chosen as optimal dose for metals adsorption.
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Fig. (2): Effect of adsorbent dose on the removal efficiency of metals ions on

biochar
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The effect of contact time with adsorbent on the removal efficiency of
Cd, Pb, Ni and Zn metal ions are represented in figure (3). These figures
represent the results of removal efficiency of metal ions at different contact
time from 10 minute to 90 minutes. As shown in the table the maximum
removal occurs at 30 minute, where the removal efficiency of Cd from 44%
to 48.8% , Pb from 13% to 37.9%, Ni the removal efficiency between 40.8%
and 62.8% and Zn removal efficiency between 45% to 49.4% . The results

show also that Ni has maximum efficiency 62.8% at 90 minute.
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Fig. (3): The effect of contact time with adsorbent on the removal efficiency
of Cd, Pb, Ni and Zn metal ions.

For metals ions removal efficiency and adsorption capacity are

progressively increased with time and equilibrium was achieved after 90

minutes with range 39-64 % for metals ions. There is no critical increase in

removal efficiency after 120 min.
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The results of removal efficiency of metal ions at different concentrations

of: are illustrated by Fig. 4. It is evident that the capacity removal (mg/g) of
metals ions increased with increasing initial concentration from 50 mg/L to
200 mg/L. It is obvious that the capacity removal increases with increasing of
initial metal ion concentration. This may be originated from increase of

driving force of metals ions to active surface sites biochar surface.
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Fig. (4): Effect of initial metal ion concentration on the removal capacity of

biochar for metals ions

CONCLUSION
Biochar was plausibly prepared from low cost agricultural waste
(corncob), and it was used for decontamination of water from metals ions;
Cd, Ni, Pb, and Zn via adsorption process. The removal of Cd, Ni, Pb, and Zn
ions via adsorption from wastewater by biochar is studied under different
conditions. Dose of 2 g/L is chosen as optimal amount for metals adsorption.
For metals ions, maximum removal reached to 38 to 63 % after 90 minutes at
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pH 6.5, dose of biochar of 2 g/L. It was noticeable that capacity removal
increases with increasing of initial metal ion concentration . The results of
present study indicate that easy and simple pretreatment of the inexpensive
bio-sorbent consist of maize cob biomass show high-sorption performance of
metal ions and feasibility of desorption and recovery sorption capacity.
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