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ABSTRACT

Corn cob, a by-product of agricultural industry that is easily available in nature and low cost has been
investigated as adsorbent in order to remove the Pb(lI) ions from aqueous solution. Corn cob has been
chemically modified with carbon disulfide, CS] through xanthation process to enhance the adsorption
capacity ofPb(lI) ions. Batch experiments were carried out for further study on the effect ofparameters such
as pH. adsorbent dosage. initial metal ions concentration and contact time. The adsorption kinetic data was
well described by pseudo-second order model and the adsorption isotherm indicate that Langmuir model
fitted well the experiment data than Freundlich model. According to the Langmuir model, the calculated
value of maximum adsorption capacities of Pb(lI) ions qmox was 16.39 mg g-1. The characteristic of corn
corb before and after being treated with xanthate. CCX (corn cob xhantate) was characterized by Fourier
transform infrared (FTlR) spectroscopy. This study showed that CCX can be used as good adsorbent
materials for Pb(lI) removal from aqueous solution.
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Introduction

In the past few years, water pollution caused by heavy metal concentration into water bodies has appeared as
a worldwide problem (Peng et aI., 2009). The increase in industrial development and world population rates
have led to high water pollution. The amounts of heavy metals in wastewaters have capability to endanger
environmental and pose a serious impact on human health. Heavy metal such as lead is extremely hazardous
to human health due to its carcinogenic activities. The Agency for Toxic Substances and Disease Registry
(ATSDR) of the United States had listed lead metal as prioritized hazardous substances (Liu et aI., 2012). In
Malaysia, the Department of Environment (DOE) which was founded by the Ministry of Science,
Technology and Environment (MOSTE) has enforced 0.01 mg/L as the national guideline for raw drinking
water quality (DOE, 2012). This is because the existence of lead even in small amount in drinking water may
result in many disorders like nephrite syndrome, anemia and hepatitis (Chakravarty et aI., 2010). Exposure
lead has been associated in very wide ranging health effects including weakness in fingers, ankles and at long
term exposure causes impaired blood synthesis, hypertension, brain disorder and can cause miscarriage in
pregnant women (Chakravarty et aI., 20 I0). Therefore, it is crucial to control lead disposal into environment.

The hazardous heavy metals can be removed from the water body by applying conventional physical
and chemical methods, such as coagulation, evaporation recovery, oxidation/reduction, filtration,
precipitation, ion exchange, reverse osmosis and electrochemical treatment. Unfortunately, most of these
conventional methods have contributed certain weaknesses such as high cost, complicated process and
particularly viable at high concentration level of heavy metals (Ahmad et aI., 2012).For these reasons, it is
necessary to prepare low-cost and easily available adsorbent in removing toxic metal ions from wastewater.
According to Surchi (20 II), a low-cost adsorbent can be described as waste materials that available abundant
in nature and requires only a few processing. One of the most abundant materials in nature is agricultural
waste. In simple word, an agricultural waste is a residual material produced from poultry, livestock and also
can be described as the residue of grains, fruits and vegetables. Increasing in agricultural sector consequently
lead the amount of waste generated also increased.
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The significance of this study is to find another alternative method in separating heavy metal ions
from the aquatic ecosystem. Consequently, this study offers economical and inexpensive adsorbents because
activated carbon, the most common used adsorbent in removing heavy metal is expensive. Besides that,
corncob is also one of agricultural wastes from the sweet corn canning industry which is abundant and easily
available. These corncob residues usually were burnt and disposed into environment without utilization.
Therefore, it is hoped that this study would give a solution in overcoming the problem related to corncob
waste disposal. The objectives of this study is to perform chemical treatment on corncob particularly
xanthation process and evaluate its adsorption capacity for lead (II) ions and also to study kinetic and
mechanism adsorption for removal of lead (II) ions by treated corncqb.

Method

Chemicals and adsorbent treatment

Solution of lead (II) ions at different concentrations were prepared by doing appropriate dilution with
deionized water from 1000mg/L Pb(NOJ)2 stock solution purchased from Merck, Germany in order to obtain
the desired concentrations used in the experiment. The treatment of corncob with xanthate was carried out
according to Wing's procedure (Wing e/ at., 1975). Corncob was washed several times with distilled water
and dried in an oven at 80°C for 24 h. The products were cut into small pieces, crushed to powder form, and
sieved to get several uniform particles sizes with the average of 75 - 355 llm. Corncob then was chemically
modified as corncob xanthate. A 15 g of corncob powder were soaked into 200 mL (4.0 M) sodium
hydroxide (NaOH) solution and stirred at room temperature for 2 h. Then 1 mL of carbon disulfide (CS2)
solution was added to the mixture and the mixture was stirred for another 2 h. The products were allowed to
settle for 30 min. The obtained product was washed with distilled water to remove excess alkali and dried in
an oven overnight at 50°C for the further use. The dried adsorbent was kept in plastic containers and the
xanthated corncob was designated as CCX.

Adsorbent characterization

The infrared spectrum of treated corncob was observed by using a Fourier transform infrared (FTIR)
spectrophotometer. FTIR analysis was used in order to determine both the active groups present and
compared the changes between the untreated and treated corncob in frequencies of the functional groups. The
sample spectra were scanned within the wave number ranges of 400 - 4000 cm-I at a resolution of 4 cm- I.

Batch experiments

Batch sorption experiment were conducted by mixing 0.1 g of adsorbents powder with 40 mL of Pb(II)
solution in a 250mL Erlenmeyer flask on a thermal shaker at 250C and 120 rpm for 2 hours until equilibrium
was reached. This process then was followed by centrifugation at 5000 rpm for 5 min to separate the
adsorbent from the aqueous solution. After the agitation, the suspension were filtered using filter paper and
the concentration of Pb(II) remaining in supernatant were analyzed by using atomic absorption spectroscopy
(AAS).

Results and discussion

Adsorbent characterization

Variety of functional groups are expected to be presented in the adsorbent and change in the functional group
after pretreatment is also expected. Thus, Fourier transform infrared spectrometer (FTIR) was used to
observe the differences of adsorbent FTIR spectra for both before and after treatment. After undergo
xanthation process, the FTIR spectra of CCX displayed several new adsorption peaks and some of
disappearance peaks as given in Table I.
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Conclusion and recommendations

This study identified the feasibility of corn cob waste which are abundant in nature and low cost as an
adsorbent in order to immobilize lead (II) ions from aqueous solution. FTIR spectra analysis infers the
functional groups that are responsible in adsorption of heavy metals were hydroxyl and carbonyl groups.
Corncobs which have been modified chemically in alkali treatment with carbon disulfide CS2 have enhanced
the adsorption efficiency for lead (II) due to the presence of a new sulphur groups. The alkalization process
involved generation new active sites and permits the attachment of the metal ions. The parameters that have
been implied in order to study the adsorption capacity were pH, CCX adsorbent dosage, initial concentration
and contact time, kinetic study, and isotherm study. The result showed that, as the pH solution increased, the
uptake of metal ions also increased and the desired value of pH was at pH 5.

From the kinetic data, it was found that at 120 min the equilibrium was achieved and pseudo-second
order model was better fitted than pseudo-first order model as the correlation coefficient, R2 obtainedlies
between 0.9968 - 0.9983. The Freundlich and Langmuir adsorption model have been applied and the result
indicates that this adsorption study obeyed the Langmuir adsorption model as the maximum uptakes capacity
of lead (II) ions by treated corncob (CCX) was 16.39 mg g-1. The possible mechanisms involved a
monolayer process which lead (II) ions only attach on the outer surface of corncob. Therefore, this presence
study suggest that corncob waste have a potential as adsorbent in order to treat the aqueous solution
containing lead (II) ions since corncob are locally available in natural and relatively low cost.
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