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ABSTRACT

The adsorption of Cu (11) ions from aqueous solutions using agricultural waste particularly sugarcane bagasse that
have been treated with base or Chemically Treated Sugarcane Bagasse (CTSB) was performed under batch mode. Batch
experiments were conducted to determine the factors affecting adsorption such as pH. initial heavy metal concentration
and contact time, The batch experiment showed that pH 3-5 was the best rangefor the sorption ofcopper ions. Adsorption
was fast as equilibrium was achieved within 60 minutes, and was best described by the pseudo-second order model.
According to the Langmuir model, the maximum adsorption capacity ofCu (1I) ions was 23.81 mg g-I. The highest amount
ofheavy metal adsorbed occurred at pH 5 with shaking speed of J20 rpm. This study showed that CTSB can be used as
good adsorbent materials for Cu (1I) removal/rom aqueous solution.
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Introduction

Water pollution is one of the most serious environmental problems facing modem society (Baird, 1995). The discharge of
heavy metals into aquatic ecosystems is the major reason behind this occurrence and has been and still iS,a focus ofattention
all over the world. Overall, these pollutants are introduced into the aquatic systems significantly as a result of various
industrial operations; electroplating and metal finishing industries, metallurgical industries, chemical manufacturing,
pigment manufacturing, fertilizer industries, battery manufacturing and tannery operations.

Copper is one of the most hazardous heavy metals and has been the world concern over a few decades due to its
toxicity. Copper is constantly released into our environment (soils, rivers, lakes, and sea), causing serious environmental
concerns and creating a big challenge in wastewater management. Since copper is non-biodegradable and thus persistent,
it tends to accumulate to toxic levels and causes ecological damage as well as potential threat to humans. In practice, it has
been found that copper consumption at high doses will be deposited in the brain, skin, liver, pancreas, and myocardium
(Davis et aI., 2000) which eventually leads to intestinal distress, kidney damage and anemia (AI-Rub et aI., 2006).
Therefore, it is mandatory that copper is removed from effluent to prevent it from reaching the waters.

Over the few decades, several methods have been devised to remove heavy metals from wastewater including ion­
exchan'ge, chemical precipitation, oxidation-reduction, reverse osmosis, membrane separation, coagulation and solvent
extraction. However, in certain circumstances, these methods did not show significant effectiveness and economic
advantages. Adsorption processes using agricultural waste products are becoming the trend in today's wastewater
treatment because they are cheap, simple, sludge free and involve small initial cost and land investment. One of the
most preferred industrial solid wastes is the waste from agricultural industry or biomass such as coconut husk, sugarcane
bagasse, oil-palm trunk and etc. These plant wastes are preferred as they are highly abundant, low-cost and have various
functional groups that can bind heavy metal. This type of adsorption is called biosorption.

Sugarcane bagasse is the residue from sugarcane milling that consists of the crushed stalks from which the juice
has been expressed; it consists of 50% cellulose, 25% hemicelluloses and 25% lignin. For each 10 tonnes of sugarcane
crushed, a sugar factory produces nearly 3 tonnes of wet bagasse. Since the bagasse is the byproduct of the sugarcane
industry, the quantity of production in each country is in line with the quantity of sugarcane produced. The content of the
sugarcane bagasse and the availability to get the bagasse in large amount make it a suitable adsorbent to be used in this
experiment.

In addition, modification can be done to optimize the adsorption capacity of a bioadsorbent. According to Gaballah
et al. (1998), treatment of lignocellulosic waste materials can extract soluble organic compounds such as lignin and
hemicellulose and enhance chelating efficiency; hence higher amount of adsorbates can be achieved. Chemical treatment
also results in reduction of cellulose crystallinity and an increase in surface area of an adsorbent. Amongst the numerous
kinds of treatment methods, base compound treatment is chosen as the method of choice. This type of treatment has been
recorded by Kumar and Bandhyopadhyay (2006) and it was found that the uptake of cadmium on rice husk increased
significantly.
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Objectives

Overall, the main objectives of this study were to prepare and to understand the mechanism of copper ions removal onto
sodium hydroxide treated sugarcane bagasse powder. The effects of several important physicochemical parameters which
can affect copper adsorption such as pH, contact time and heavy metal concentration were discussed. The mechanisms of
adsorption were identified by spectroscopic and quantitative analyses.

Experimental

Adsorbent preparation

Sugarcane bagasse was obtained from a night market near Universiti Teknologi MARA Pahang, Jengka, Malaysia. The
leaves were washed several times with distilled water, and then dried in an oven overnight at 80·C. The dried brownish
bagasse were cut into small pieces, grounded and sieved to obtain the average particle size of 180-355 ~m.

Base treatment

16 g of dried sugarcane bagasse powder were.mixed with 240 mL (0.5 M) NaOH solution, stirred at 500 rpm for 90
minutes, filtered and washed extensively with distilled water until no further change in pH of the effluent was observed.
The sodium hydroxide treated sugarcane bagasse powder (hereafter called CSTB) was dried again in an oven overnight
at 80·C.

Preparation of lead solution

The stock solution of 10000 mg L') Copper nitrate was purchased from Merck, Germany. All other chemicals were
analytical reagent grade. The stock solution was further diluted with distilled water to obtain the required concentration
for adsorption experiment. The pH of the copper solution was adjusted by adding drops of0.1 M NaOH and HCl solution.

Adsorption Studies

Adsorption was carried out in a batch system in which pre-weighed CTSB was mixed with copper solution at a certain
period of time. All experiments were conducted in duplicates and the results were reported as average.

The amount of Cu (11) ions adsorbed, q. (mgg· l ) was computed by using the following expression:

_CO-C fJvq(! - ttl

where Co and C. are copper of nickel concentrations (mg L") before'lmd after adsorption, respectively; V is the volume
of heavy metal solution (L) and m is the weight of the adsorbent (g). The percentage ofremoval of heavy metal ions was
calculated by the following equation:

. . Co - C@
remot~alf % 1 = 100" C .

o

The effect of pH on the adsorption ofcopper and nickel ions was investigated at pH ranging from 1 to 5. The initial pH of
the solutions was adjusted by adding drops of 0.10 M NaOH or HCl solution. A weight of 0.10 g CTSB was mixed with
50 mL (10 mg V) copper solution in different conical flasks (100 mL). The mixtures were shaken at 120 rpm at room
temperature for 90 minutes. The samples were filtered and the amount of copper ions in the filters was analyzed by using
AAS.

Contact time is an important parameter which can give information on the adsorption equilibrium time for evaluating
various kinetic models. A weight of 0.10 g CTSB was mixed with 50 mL (5, 19, and 20 mg L") copper solution in 100
mL conical flasks. The initial pH was fixed at 5 by adding drops of 0.10 M NaOH or HCI solution. The mixtures were
shaken at 120 rpm at room temperature and at different time intervals (0 to 90 minutes). After adsorption, the mixtures
were filtered. The filtrates were analyzed for copper ions by using AAS.
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