
Electronic Journal of Biotechnology ISSN: 0717-3458                                                                                    Vol.8 No.1, Issue of April 15, 2005 
© 2005 by Pontificia Universidad Católica de Valparaíso -- Chile                                       Received July 8, 2004 / Accepted January 20, 2005 

This paper is available on line at http://www.ejbiotechnology.info/content/vol8/issue1/full/7/ 

 RESEARCH ARTICLE 
 
 

Removal of heavy metal from industrial wastewater using chitosan coated 
oil palm shell charcoal 

 
 

Saifuddin M. Nomanbhay* 
Chemistry Unit, Department of Engineering Sciences 

College of Engineering 
Universiti of Tenaga Nasional 

43900 Kajang Selangor, Malaysia 
Tel: 60389287285 
Fax: 60389212116 

E-mail: saifuddin@uniten.edu.my 
 

Kumaran Palanisamy  
Mechanical Engineering Department 

College of Engineering 
Universiti of Tenaga Nasional 

43900 Kajang Selangor, Malaysia 
Tel: 60389282296 
Fax: 60389212116 

E-mail: kumaran@uniten.edu.my 
 
 

 
Financial support: Uniten Research Seed Fund – J 5100 10215. 
 
Keywords: chitosan bioabsorbent, chromium (III), chromium (IV), heavy metal adsorption, oil palm shell charcoal. 
 
Abbreviations: AOPSC: acid treated oil palm shell charcoal; 

CAC: commercial activated carbon; 
OPSC: Oil palm shell charcoal; 
CCB: chitosan coated beads; 
CCAB: chitosan coated acid treated beads. 

 

                                                           
* Corresponding author 

This research focuses on understanding biosorption 
process and developing a cost effective technology for 
treatment of heavy metals-contaminated industrial 
wastewater. A new composite biosorbent has been 
prepared by coating chitosan onto acid treated oil palm 
shell charcoal (AOPSC). Chitosan loading on the 
AOPSC support is about 21% by weight. The shape of 
the adsorbent is nearly spherical with particle diameter 
ranging 100~150 µm. The adsorption capacity of the 
composite biosorbent was evaluated by measuring the 
extent of adsorption of chromium  metal ions from 
water under equilibrium conditions at 25ºC. Using 
Langmuir isotherm model, the equilibrium data yielded 
the following ultimate capacity values for the coated 
biosorbent on a per gram basis of chitosan: 154 mg 
Cr/g. Bioconversion of Cr (VI) to Cr (III) by chitosan 
was also observed and had been shown previously in 
other studies using plant tissues and mineral surfaces. 
After the biosorbent was saturated with the metal ions, 
the adsorbent was regenerated with 0.1 M sodium 
hydroxide. Maximum desorption of the metal takes 
place within 5 bed volumes while complete desorption 
occurs within 10 bed volumes. Details of preparation of 

the biosorbent, characterization, and adsorption studies 
are presented. Dominant sorption mechanisms are ionic 
interactions and complexation. 
 
 
At least 20 metals are classified as toxic and half of these 
are emitted into the environment in quantities that pose 
risks to human health (Kortenkamp et. al. 1996). Chromium 
has both beneficial and detrimental properties. Two stable 
oxidation states of chromium persist in the environment, Cr 
(III) and Cr (VI), which have contrasting toxicities, 
mobilities and bioavailabilities. Whereas Cr (III) is 
essential in human nutrition (especially in glucose 
metabolism), most of the hexavalent compounds are toxic, 
several can even cause lung cancer. While Cr (III) is 
relatively innocuous and immobile, Cr (VI) moves readily 
through soils and aquatic environments and is a strong 
oxidizing agent capable of being absorbed through the skin 
(Park and Jung, 2001). Chromium and its compounds are 
widely used in electroplating, leather tanning, cement, 
dyeing, metal processing, wood preservatives, paint and 
pigments, textile, steel fabrication and canning industries 
These industries produce large quantities of toxic 
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wastewater effluents (Raji and Anirudhan, 1997). The 
maximum concentration limit for Cr (VI) for discharge into 
inland surface waters is 0.1 mg/l and in potable water is 
0.05 mg/l (EPA, 1990).  
 
A wide range of physical and chemical processes is 
available for the removal of Cr (VI) from wastewater, such 
as electro-chemical precipitation, ultrafiltration, ion 
exchange and reverse osmosis (Rengaraj et al. 2001; 
Yurlova et al. 2002; Benito and Ruiz, 2002). A major 
drawback with precipitation is sludge production. Ion 
exchange is considered a better alternative technique for 
such a purpose. However, it is not economically appealing 
because of high operational cost. Adsorption using 
commercial activated carbon (CAC) can remove heavy 
metals from wastewater, such as Cd (Ramos et al. 1997); Ni 
(Shim et al. 2001); Cr (Ouki et al. 1997); Cu (Monser and 
Adhoum, 2002). However, CAC remains an expensive 
material for heavy metal removal.  
 
Natural biopolymers are industrially attractive because of 
their capability of lowering transition metal-ion 
concentration to parts per billion concentrations. Natural 
materials that are available in large quantities or certain 
waste from agricultural operations may have potential to be 
used as low cost adsorbents, as they represent unused 
resources, widely available and are environmentally 
friendly (Deans and Dixon, 1992). In Malaysia, oil palm is 
the most important commercial crop. The explosive 
expansion of oil palm plantation has generated enormous 
amounts of vegetable waste. It was reported that Malaysia 
currently produces about 30 million tonnes annually of oil 
palm biomass, including trunks, fronds, fruit waste and 
empty fruit brunches. Of these, about two million tonnes of 
fruit shell (or endocarp) is generated annually (Chan, 1999). 
Preliminary studies have shown that it is feasible to prepare 
chars with sufficient densities and high porosity from oil 
palm fruit waste (Guo and Lua, 1998). The 
exchange/sorption properties of palm oil shell are due to the 
presence of some functional groups, such as carboxylic, 
hydroxyl, and lactone, which have a high affinity for metal 

ions (Tan et al. 1993). In recent years, development of 
surface modified activated carbon has generated a diversity 
of activated carbon with far superior adsorption capacity. 
The use of palm oil shell with surface modification to 
improve its metal removal performance would add its 
economic value, help reduce the cost of waste disposal, and 
most importantly, provide a potentially inexpensive 
alternative to existing commercial activated carbon.  
 
Among the many other low cost absorbents identified (Olin 
et al. 1996; Bailey et al. 1999, Bailey et al. 1997) chitosan 
has the highest sorption capacity for several metal ions 
(Deshpande, 1986). Chitin (2-acetamido-2-deoxy-β-D-
glucose-(N-acetylglucan) is the main structural component 
of molluscs, insects, crustaceans, fungi, algae and marine 
invertebrates like crabs and shrimps (Deshpande, 1986; 
Chen and Chang, 1994; Ilyina et al. 1995). Worldwide, the 
solid waste from processing of shellfish, crabs, shrimps and 
krill constitutes large amount of chitinaceous waste. 
Chitosan (2-acetamido-2-deoxy-β-D-glucose-(N-
acetylglucosamine) is a partially deacetylated polymer of 
chitin and is usually prepared from chitin by deacetylation 
with a strong alkaline solution as shown in Figure 1.  
 
Chitosan chelates five to six times greater amounts of 
metals than chitin. This is attributed to the free amino 
groups exposed in chitosan because of deacetylation of 
chitin (Yang and Zall, 1984). The biosorbent material, 
chitosan, is slightly soluble at low pHs and poses problems 
for developing commercial applications. It is also soft and 
has a tendency to agglomerate or form a gel in aqueous 
solutions. In addition, the active binding sites of chitosan 
are not readily available for sorption. Transport of the metal 
contaminants to the binding sites plays a very important 
role in process design. Therefore, it is necessary to provide 
physical support and increase the accessibility of the metal 
binding sites for process applications.  
In the present investigation an attempt was made to 
overcome these mass transfer limitations by synthesizing a 
biosorbent by coating chitosan on the surface of palm oil 
shell charcoal and evaluating its equilibrium adsorption 

 
 
Figure 1. Conversion of chitin to chitosan by deacetylation. 
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properties. The combination of the useful properties of oil 
palm shell char and that of natural chitosan, could introduce 
a composite matrix with many application and superior 
adsorption capabilities. Using synthetic wastewater, the Cr 
removal by oil palm shell charcoal coated with chitosan and 
acid treated oil palm shell charcoal adsorbents were 
statically compared.      
 
MATERIALS AND METHODS 
 
Char preparation from oil palm shell 
 
Oil palm shell was obtained from MPOB Bangi, Selangor, 
Malaysia. Preparation of char from the oil palm shell was 
carried as previously described (Guo and Lua, 2000). Oil 
palm shell is a suitable raw material for making high 
quality activated carbon because of their inherent high 
densities and carbon contents, especially after pyrolysis 
(Gua and Lua, 2000). As received oil palm shell was first 
dried at 110ºC for 24 hrs to reduce the moisture content. 
The dried shell was cut, ground and sieved. Size fractions 
of 2.0-2.8 mm were used. Pyrolysis was carried out in a 
horizontal controlled atmosphere furnace (Carbolite, CTE 
12/75). About 15 g of the sample was placed in an alumina 
boat, and pushed into the hot zone of the furnace. During 
pyrolysis, nitrogen at a flow rate of 150 cm3/min was used 
as purge gas. The furnace temperature was increased at a 
rate of 10ºC/min from room temperature to 600ºC and was 
held at this temperature for 2 hrs. The weight lost was 
obtained from the weight before and after pyrolysis. The 
pyrolysed sample was crushed into powder form.  
 
Preparation of chitosan 
 
Chitin (from crab shells) was purchased from Sigma 
Chemical Co., St. Louis, MO. Pectinex Ultra SP-L (a 
highly purified preparation of pectolytic enzymes from a 
selected strain of Aspergillus niger) was from Novo 
Nordisk, Denmark. Cabbage was obtained from the local 
market. All other chemicals used were of analytical grade. 
 
The deacetylation method of Coughlin et al. 1990, was used 
with slight modification. The commercially obtained chitin 
was first ground in a blender and sieved. Particles in the 
size range 0.5-1.0 mm were first soaked in a 5% 

hydrochloric acid solution for 1 hr at room temperature to 
remove calcium salts (demineralization). After rinsing with 
distilled water, the decalcified chitin was transferred to a 
50% sodium hydroxide solution. The solution was 
irradiated in a domestic microwave oven (EME2662, 
Electrolux, operating frequency 2.5 GHz) for 10 min 
(power level 150 W) for deacetylation. After rinsing with 
distilled water and drying at 60ºC, the deacetylated chitin 
(now known as chitosan) was ready for use.  
 
Preparation of chitosan gel 
 
About 50 g of chitosan was slowly added to 1000 ml of 10 
wt% oxalic acid with constant stirring. The mixture was 
also heated to 40-50ºC to facilitate mixing. At room 
temperature, the chitosan-oxalic acid mixture formed a 
whitish viscous gel. 
 
Oxidizing OPSC with sulfuric acid 
 
For conditioning, the previously described method of 
Kadirvelu et al. 2001, was used. OPSC was washed with 
deionized water until any leachable impurities due to free 
acid and adherent powder were removed. The samples were 
then treated with 2% H2SO4 (v/v) in an incubator at 110ºC 
for 24 hrs and soaked with deionized water until the 
solution pH was stable. Then, the adsorbent was soaked in 
2% NaHCO3 (w/v) till any residual acid left was removed. 
Finally, the samples (hereafter called acid treated oil palm 
shell char -AOPSC) were dried overnight in an oven at 
110ºC, cooled at room temperature, and stored in a 
desiccator until use (Kadirvelu et al. 2001).   
 
Surface coating of AOPSC and OPSC with 
chitosan 
 
About 500 ml, of the chitosan gel was diluted with water 
(~500 ml) and heated to 40-50ºC. About 500 g of the 
AOPSC (from section 2.4 above) was slowly added to the 
diluted gel and mechanically agitated using a rotary shaker 
at 150 rpm for 24 hrs. The gel coated AOPSC was then 
washed with deionized water and dried. The process was 
repeated for three times to form a thick coating of chitosan 
on the AOPSC surface. The amount of chitosan coated was 
determined to be about 26% by weight. The chitosan coated 

Table 1. Characteristics of oil palm shell and derived char (Guo and Lua, 2000). 
 

 Solid density 
rs(g/cm3) 

Apparent density, 
ra(g/cm3) 

Porosity,  
e [rs - ra] / rs] x 100% 

Oil palm shell 1.53 1.47 3.9 

Shell char 1.62 1.31 19.1 
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AOPSC (now called chitosan coated acid treated beads, 
CCAB) were removed and neutralized by putting them in 
0.5% NaOH solution for 3 hrs. The CCAB were then 
extensively rinsed with deionized water and dried (Babel 
and Kurniawan, 2004). Similarly OPSC were also coated 
with chitosan as described above. The chitosan coated 
OPSC were called chitosan coated beads (CCB). 
 
Determination of pHpzc 
 
The determination of the pHpzc of the samples was carried 
out as described previously (Rivera et al. 2001): 50 cm3 of 
0.01 M NaCl solution was placed in a closed Erlenmeyer 
flask. The pH was adjusted to a value between 2 and 12 by 
adding HCl 0.1 M or NaOH 0.1 M solutions. Then, 0.15 g 
of OPSC sample was added and the final pH measured after 
48 hrs under agitation at room temperature. The pHpzc is the 
point where the curve pHfinal  vs. pHinitial crosses the line 
pHinitial  = pHfinal . Similarly, the pHpzc was also determined 
for CCAB and CCB samples using the above method. 
 
Equilibrium uptake experiments 
 
Batch equilibrium experiments were carried out using CCB, 
CCAB as well as AOPSC as adsorbents. Potassium 
dichromate (K2Cr2O7) (Fluka, Switzerland) was used as the 
source of Cr (VI) in the synthetic wastewater. The Cr stock 
solution (500 mg/l) was prepared by dissolving 0.707 g of 
K2Cr2O7 in 500 ml of deionized water. A series of flasks 
containing dichromate solutions of varying concentrations 
from 5 to 25 mg/l prepared from the stock solution. 
Adjustment of pH was carried out using 0.1 N NaOH 

and/or 0.1 N H2SO4. Agitation of the system under 
investigation was carried out on a rotary shaker (Daiki 
Science Co. Ltd. South Korea).  
 
To maximize Cr removal by the adsorbent, batch 
experiments were conducted at ambient temperature using 
the optimum conditions of all pertinent factors, such as 
dose, pH, agitation speed, and contact time (Chakravarty 
et al. 2002). Subsequent adsorption experiments were 
carried out with only optimized parameters. Adsorption 
isotherm tests were also carried out in the reaction mixture 
consisting of 1.5 g/l of adsorbent and 100 ml of Cr 
solution with varying chromium concentration from 5 to 
25 mg/l. The change in Cr (VI) concentration due to 
adsorption was determined colorimetrically (Shimadzu 
spectrophotometer) according to Standard Methods 
(Clesceri et al. 1998). A purple-violet coloured complex 
was developed in the reaction between Cr (VI) and 1,5-
diphenylcarbazide in acidic condition. Absorbance was 
measured at wavelength (λ) 540 nm.  
 
The removal efficiency (E) of adsorbent on Cr (VI) was 
defined as 

 
E (%) = [(Co - C1) / Co] x 100 

 
where Co and C1 are the initial and equilibrium 
concentration of Cr solution (mg/ l), respectively. 
 
To ensure the accuracy, reliability, and reproducibility of 
the collected data, all the batch experiments were carried 
out in duplicate and the mean values of two data sets are 
presented. When the relative error exceeded the relative 
standard deviation by more than 1.0%, the data were 
disregarded and a third experiment was conducted until the 
relative error fell within an acceptable range.  
 
RESULTS AND DISCUSSION 
 
Oil palm shell char 
 
Oil palm shell has been successfully used to produce high 
quality activated carbon because of their inherent high 
densities and carbon content (Normah et al. 1995; Hussein 
et al. 1996; Guo and Lua, 2000). In this work char from oil 
palm shell was prepared according to the method described 
by Guo and Lua, 2000. No attempt was made to determine 
the solid density and apparent densities of both the starting 
material and the char. Table 1, gives the solid and apparent 
densities and porosities of both the shell and its char as 
reported by Guo and Lua, 2000.  
 
Preparation of chitosan 
 
Many of the methods reported for converting chitin in 
crustacean shell to chitosan are slow and consume 
significant amounts of reagents. A relatively rapid and mild 

 
 
Figure 2. Effect of pH on the adsorption of Chromium ions on 
various adsorbents.  
Cr (VI) concentration was 20 mg/ml; 
Agitation speed: 200 rpm.; 
Contact time: 3 hrs; 
Amount of each adsorbent: 40 g/l; 
Temperature was maintained at 25oC. 
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deacetylation method proposed by Coughlin et al. 1990 
with slight modification where the deacetylation process 
was subjected to microwave irradiation was used in this 
work. During microwave irradiation, polar molecules such 
as water (in the sample) align with the continuously 
changing magnetic field generated by microwaves. This is 
supposed to accelerate various chemical, biological, and 
physical processes (Caddick, 1995; Sridar, 1998; 
Khmelnitsky and Rich, 1999). Microwave treatment brings 
about greater accessibility of the susceptible bonds and 
hence a much more efficient chemical reaction (Roy et al. 
2003). 
 
The practical problems of chitosan solubility at low pH 
aqueous systems, gel forming behaviour and mass transfer 
limitations were overcome by coating it on other adsorbents 
like alumina, charcoal or interacting it with other 
adsorbents like alginate to form a rigid matrix structure of 
better mechanical strength (Babel and Kurniawan, 2004; 
Gotoh et al. 2004). In this study these problems were 
overcome by coating chitosan on oil palm shell charcoal 
and the coating process yielded a stable granular composite 
adsorbent that was stable under acidic conditions. The 
cationic nature of chitosan and the anionic nature of oil 
palm shell charcoal yielded stable, granular composite 
matrix due to interaction between the two oppositely 
charged materials. Chitosan binds with both anionic and 
cationic species. Chromium (VI) and some other metals 
such as arsenic, depending on the pH, are known to exist as 
anions. Chromium (VI) forms dichromate anion at pH 
around 4. The amine groups of chitosan are largely 
responsible for the absorption of Cr (VI) ions from the 
solution (Fu et al. 1997; Dambies et al. 2001). At low pH, 
the amine group on chitosan is protonated. This leads to the 
interaction between NH3

+ functional groups in chitosan and 
Cr2O7

2- and the interaction is chiefly electrostatic attraction 
in nature (Fu et al. 1997).  
 
Factors influencing the adsorption of Cr (VI) ions 
 
The influence of several operational parameters such as 

dose of adsorbent, agitation speed, initial pH and contact 
time was investigated. The result were expressed as the 
removal efficiency (E) of the adsorbent on Cr, which was 
defined as   
 

E (%)  =  [(Co - C1) / Co] x 100 , where 
 
Co and C1 are the initial and equilibrium concentration of 
Cr solution (mg/l), respectively. The Cr (VI) ion 
concentration was determined colourimetrically according 
to Standard Methods (Clesceri et al. 1998). 
 
Effect of pH. pH is an important parameter for adsorption 
of metal ions from aqueous solution because it affects the 
solubility of the metal ions, concentration of the counter 
ions on the functional groups of the adsorbent and the 
degree of ionization of the of the adsorbate during reaction. 
To examine the effect of pH on the Cr removal efficiency, 
the pH was varied from 1.0 to 9.0. As shown in Figure 2 the 
uptake of free ionic Cr depends on pH, where optimal metal 
removal efficiency occurs at pH 5 and then declining at 
higher pH. Removal efficiency for CCAB increased from 
65% to 92% over pH range from 1.0 to 5.0. The other two 
adsorbents, i.e. chitosan coated oil palm shell carbon and 
acid treated oil palm shell charcoal also showed similar 
trends but with much lower removal efficiency and slight 
different optimum pH value. Chromium (VI) and some 
other metals such as arsenic, depending on the pH, are 
known to exist as anions. At low pH (below 4), the amine 
group on chitosan is protonated to varying degree. The 
pHpzc obtained for both CCAB and CCB was in the range of 
6.8 - 7.1. This is consistent with results reported for 
chitosan from lobster and crab which is in the range of 6.4-
7.2 (Dambies et al. 2001). The pHpzc is a point at which the 
surface acidic (or basic) functional groups no longer 
contribute to the pH value of the solution. The pHpzc value 
of acid treated OPSC was found to be around 4.7. It can be 
concluded that oxidization of oil palm shell charcoal with 
sulphuric acid yielded acidic surface since pH values of 
point of zero charge for these materials are at a lower pH 
range compared to the value reported for most chemically 

Table 2. Isotherm model constants and correlation coefficients for adsorption of chromium ions from aqueous solution using 
various adsorbents. 

 
Type of adsorbent Langmuir Freundlich 

 

L

L

K
a

  (mg/g) KL (mol/L) R2 a  b R2 

Chitosan coated acid treated oil palm shell charcoal (CCAB) 60.25 2954 0.997 10.67 0.594 0.973 

Chitosan coated oil palm shell charcoal (CCB) 52.68 2004 0.996 9.59 0.489 0.956 

Acid treated oil palm shell Charcoal (AOPSC) 44.68 1766 0.996 7.36 0.389 0.951 
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untreated commercial activated carbon (Menendez et al. 
1996). The surface acidity was due to the introduction of 
several oxygen-containing functional groups (Faria et al. 
2004). Cations adsorption will be favourable at pH value 
higher than pHZPC, and anions adsorption at pH values 
lower than pHZPC. The NH3

+ group on the chitosan is 
chiefly responsible for Cr (VI) adsorption. Chromium (VI) 
forms stable anions, such as Cr2O7

2-, HCrO4
-, CrO4

2-, and 
HCr2O7

-, the fraction of any particular species is dependent 
upon the chromium concentration and pH (Udaybhaskar et 
al. 1990). From the pKa value of chitosan, it can be 
calculated that the extent of protonation is 9, 50, 91, and 
99% at pH 7.3, 6.3, 5.3, and 4.3, respectively (Dambies et 
al. 2001). This leads to the interaction between NH3

+ 
functional groups and the chromate anions. With increase 
in pH from 5 to 9, the degree of protonation of the 
adsorbent functional group decreased gradually and hence 
removal was decreased. Above the pKa value the chitosan 
adsorbent will be negatively charged. X-ray photoelectron 
spectroscopy spectrum by Tiemann et al. (1999) and 
Dambies et al. (2001) of chitosan biomass after contact 
with chromium (VI) at pH around 5, reveals that about 55% 
of chromium (VI) gets reduced to chromium (III). Similar 
bioreduction process can also be accomplished using 
alfalfa, seaweed, and some lyophilized plant tissue 
(Wittbrodt and Palmer, 1996; Lytle et al. 1998). The 
positively charged Cr (III) ions can bind by way of 
electrostatic interaction with the negatively charged surface 
of chitosan, mainly through carboxyl ligands.  
 
The oxidative treatment of OPSC with sulphuric acid will 
introduce more acidic C=O groups on the surface of OPSC 
(Mostafa, 1997; Toles et al. 1999). This enhanced the 
electrostatic interaction between chitosan and the more 
negatively charged AOPSC and this prevents any tendency 
of chitosan to agglomerate. This helped to increase the 
availability of active binding sites on the chitosan for 
adsorption of Cr VI at low pH conditions. It has also been 
suggested that formation of more acidic surface oxides on 
the carbon surface enhances its hydrophilic character and 
hence improve the hydrodynamic flow (Olin et al. 1996). 
On the other hand, chitosan coated beads, showed lower 
adsorption capacity, probably due to less efficient coating 
of chitosan on OPSC, which has lesser acidic surface 
oxides. The interaction may not be very strong and the 
chitosan may agglomerate to a certain degree and become 
more soluble at low pH and hence reduces the availability 
of active binding sites on the chitosan for adsorption of Cr 
(VI). Activated carbons are species with amphoteric 
character, thus depending on the pH of the solution their 
surfaces might be positively charged or negatively charged. 
Adsorption of anionic species will be favoured at pH lower 
than pHpzc and vice versa for cationic species (Rodrigues-
Reinoso, 1998). The AOPSC used as comparison showed 
the lowest removal efficiency. The optimum pH was 
around 4.0. The removal efficiency reduced drastically 

from pH 4 to 8. At higher pH, the presence of oxygen-
containing functional groups, makes the adsorbent surface 
negatively charged and hence there is repulsive electrostatic 
interaction between the adsorbent and the anions (Radovic 
et al. 1997; Faria et al. 2004). At pH greater than 8.5, 
insoluble chromium hydroxide starts precipitating from the 
solution, making true sorption studies impossible.   
 
Influence of dose. The dependence of Cr sorption on 
dose was studied by varying the amount of adsorbents from 
1.5 to 30 g/l, while keeping other parameters (pH, agitation 
speed, and contact time) constant. Figure 3 presents the Cr 
removal efficiency for all the three types of adsorbents 
used. Form the Figure 3, it can be observed that removal 
efficiency of the adsorbent generally improved with 
increasing dose. This is expected  due to the fact that the 
higher dose of adsorbents in the solution, the greater 
availability of exchangeable sites for the ions. All of them 
showed no further increase in adsorption after a certain 
amount of adsorbent was added (13-30 g/l). At 20 mg/l 
concentration of Cr (VI), the maximum Cr (VI) removal 
efficiency was about 86% for a CCAB at the dosage of 13.5 
g/l, while for CCB it was 64% at the dosage of 18 g/l and 
commercial activated carbon was 52% at dosage of 24 g/l. 
This suggests that after a certain dose of adsorbent, the 
maximum adsorption sets in and hence the amount of ions 
bound to the adsorbent and the amount of free ions remains 
constant even with further addition of the dose of 
adsorbent. 

It is interesting to note that the saturated values of Cr (VI) 
removal efficiency of the three types of adsorbents are 

 

 
Figure 3. Effect of dose on the equilibrium removal efficiencies 
of Chromium ions using different types of adsorbents.  
Cr (VI) concentration was 20 mg/ml; 
Agitation speed : 200 rpm; 
Contact time: 3 hrs; 
pH of solution: 4; 
Temperature was maintained at 25ºC. 



Chitosan coated oil palm shell charcoal 

 49

different from one to another due to the extent of surface 
modification. Chromium (VI) and some other metals such 
as arsenic, depending on the pH, are known to exist as 
anions. At low pH (below 5), the amine group on chitosan 
is protonated to varying degree (Mostafa, 1997; Toles et al. 
1999). The NH3

+ group on the chitosan is chiefly 
responsible for interaction with anions and negatively 
charged surfaces. It has also been suggested that the 
oxidative treatment of OPSC with sulphuric acid would 
introduce more acidic C=O groups on the surface of OPSC 
(Mostafa, 1997; Toles et al. 1999). This would enhance the 
electrostatic interaction between chitosan and the more 
negatively charged AOPSC and this prevents any tendency 
of chitosan to agglomerate. It has also been suggested that 
formation of more acidic surface oxides on the carbon 
surface enhances its hydrophilic character and hence 
improve the hydrodynamic flow (Olin et al. 1996). 
Chitosan  coated beads, showed lower adsorption capacity, 
probably due to less efficient coating of chitosan on OPSC, 
which has lesser acidic surface oxides. The interaction may 
not be very strong and the chitosan may agglomerate to a 
certain degree and hence reduces the availability of active 
binding sites on the chitosan for adsorption of Cr (VI). 
AOPSC showed poorer adsorption capability for Cr (VI) as 
compared with the other two adsorbents. This is consistent 
with the previous result (section Effect of pH) obtained on 
effect of pH. A close relationship between the surface 
basicity of the adsorbents and the anions is evident. 
 

This is similar to the findings of others, where the 
interaction between oxygen-free Lewis basic sites and the 
free electrons of the anions, as well as the electrostatic 
interactions between the anions and the protonated sites of 
the adsorbent are the main adsorption mechanism (Leon y 

Leon et al. 1992; Radovic et al. 1997; Faria et al. 2004).  
 
Effect of agitation speed. The effect of agitation speed 
on removal efficiency of Cr was studied by varying the 
speed of agitation from 0 (without shaking) to 200 rpm, 
while keeping the optimum dose of adsorbents and 
optimum pH as constant. As can be seen from Figure 4, the 
Cr removal efficient generally increased with increasing 
agitation speed. The Cr removal efficiency of CCAB 
adsorbent increased from 70% to 90% when agitation speed 
increased from 50 rpm to 100 rpm and the adsorption 
capacity remained constant for agitation rates greater than 
100 rpm. The results show significant difference using t test 
(P=0.05), for all types of adsorbents, presenting standard 
deviation equal to 0.1. These results can be associated to 
the fact that the increase of the agitation speed, improves 
the diffusion of Cr ions towards the surface of the 
adsorbents. This also indicates that a shaking rate in the 
range 100-200 rpm is sufficient to assure that all the surface 
binding sites are made readily available for Cr uptake. 
Then, the effect of external film diffusion on adsorption 
rate can be assumed not significant. For convenience, 
agitation speed of 150 rpm was selected as the optimum 
speed for all the adsorbents.   
 
Effect of contact time. Results (Figure 5) indicate that 
removal efficiency increased with an increase in contact 
time before equilibrium is reached. Other parameters such 
as dose of adsorbent, pH of solution and agitation speed 
was kept optimum, while temperature was kept at 25ºC. It 
can be seen that Cr removal efficiency of CCAB increased 
from 60% to 90% when contact time was increased from 30 
to 180 min. Optimum contact time for both CCAB and 
CCB adsorbents was found to be 180 min, compared to that 
of AOPSC which was 300 min. Hence the chitosan coated 
beads require a shorter contact time. Greater availability of 
various functional groups on the surface of chitosan, which 
are required for interaction with anions and cations, 
significantly improved the binding capacity and the process 
proceeded rapidly. This result is important, as equilibrium 
time is one of the important parameters for an economical 
wastewater treatment system. 
 
Adsorption isotherm. To examine the relationship 
between sorbed (qe) and aqueous concentration Ce at 
equilibrium, sorption isotherm models are widely employed 
for fitting the data, of which the Langmuir and Freundlich 
equations are most widely used. The Langmuir model 
assumes that the uptake of metal ions occurs on a 
homogenous surface by monolayer adsorption without any 
interaction between adsorbed ions. To get the equilibrium 
data, initial chromium concentration were varied while the 
adsorbent mass in each sample was kept constant. 3 hrs of 
equilibrium periods for sorption experiments were used to 
ensure equilibrium conditions. The Langmuir model takes 

 
Figure 4.  Effect of agitation on the equilibrium removal efficiencies
of Cr (VI) using different types of adsorbents. 
Cr (VI) concentration was 20 mg/l; 
Contact time: 3 hrs; 
pH of solution was 4; 
Amount of each adsorbent: 40 g/l; 
Temperature was maintained at 25ºC. 
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the form: 
 
 
 
 

 
where qe (mg/g) is the amount of metal ions adsorbed onto 
the unit mass of the adsorbent to form a complete 
monolayer on the surface. KL is the Langmuir equilibrium 
constant which is related to the affinity of binding sites; Ce 
the solution phase metal ion concentration, and αL is the 
Langmuir constant (Aksu, 2001). The constants KL and αL 
are the characteristics of the Langmuir equation and can be 
determined from a linerized form of the Langmuir equation, 
represented  
 
 
 

 
 
Therefore, a plot of Ce / qe ) versus Ce, gives a straight line 
of slope αL / KL and intercept 1/KL. The constant KL is the 
Langmuir equilibrium constant and the ratio αL / KL gives 
the theoretical monolayer saturation capacity. On the other 
hand, the Freundlich equation is an empirical equation 
based on adsorption on a heterogeneous surface. The 
equation is commonly represented by  
 
 
 

 
where a and b are the Freundlich constants characteristics 
of the system, indicating the adsorption capacity and the 
adsorption intensity, respectively. To simplify the 
derivation of a and b, above equation can be linearized as 
 
 

 
Therefore, a plot of ln qe versus ln Ce enables the constant a 
and exponent b to be determined. The Langmuir and 
Freundlich equations were used to describe the data derived 
from the adsorption of Cr by each adsorbent over the entire 
concentration range studied. The plot of Ce / qe ) versus Ce 
showed that the experimental data reasonably well fitted the 
linearized equation of the Langmuir isotherm over the 
whole Cr concentration range studied. Linear plots of ln qe 
versus ln Ce showed that the Freundlich isotherm was also 
representative for the Cr adsorption by all types of 
adsorbent tested. In this study, however, Langmuir isotherm 
has a better fitting model than Freundlich as the former 
have higher correlation regression coefficient than the latter 
(Table 2) thus, indicating to the applicability of a 
monolayer coverage of the Cr on the surface of adsorbent. 
This can be explained due to the fact that activated charcoal 
has a small surface area for metal adsorption. Therefore, 
only monolayer adsorption occurred on its surface, in spite 

of any surface modification. According to Kadirvelu et al. 
(2001), the essential characteristics of Langmuir isotherm 
can be explained in terms of a dimensionless constant 
separation factor (RL), defined by: 
 
 
 

 
 
where KL is the Langmuir constant and Co is the initial 
concentration of metal ion. The value of RL indicated the 
type of Langmuir isotherm to be irreversible (RL= 0), 
favourable (0<RL<1), linear (RL=1), or unfavourable 
(RL>1). Table 2 shows that Cr sorption of all types of 
adsorbent in this study is favourable.  
 
Comparison of Langmuir and Freundlich isotherm 
constants obtained from other studies using other 
adsorbents shows that the values obtained in this study are 
comparable (Schmuhl et al. 2001). Using Langmuir 
isotherm, the equilibrium data yielded the ultimate 
adsorption capacity value for the chitosan coated AOPSC 
on per gram basis of chitosan as 154 mg Cr/g. This 
adsorption capacity for chromium is considerably higher 
compared to the values obtained with other adsorbents (50 
to 120 mg/g) (Schmuhl et al. 2001).  
 
After the adsorbent was saturated the metal ions, it was 
regenerated with 0.1 M sodium hydroxide. Maximum 
desorption occurred within 5 bed volumes, while complete 
desorption occurred within 10 bed volumes.    

b
ee aCq =  

e
L

L

Le

e C
K
a

Kq
C

+=
1

 

eq  =     
eL

eL

Ca
CK

+1
 

oL
L CK

R
+

=
1

1  

aCbq ee lnlnln +=  

 

 
 
Figure 5. Effect of contact time on removal of chromium ions 
using different adsorbents. 
Cr (VI) concentration was 20 mg/l; 
pH of solution was 4; 
Amount of each adsorbent: 40 g/l; 
Agitation speed: 200 rpm; 
Temperature was maintained at 25ºC. 
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In conclusion, it has been shown that the use chitosan 
coated acid treated oil palm shell charcoal for chromium 
ion removal appears to be technically feasible, eco-friendly 
and  with high efficacy. Besides that, being composed 
entirely of agricultural and fishing industry waste, it helps 
in reduction of waste generation. The adsorbent can be 
regenerated by using sodium hydroxide, and therefore can 
be reused. This adsorbent can be a good candidate for 
adsorption of not only chromium ions but also other heavy 
metal ions in wastewater stream.    
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