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surface area, microporous structure, and high degree of surface reactivity (Ozcan et a1., 2004). In
spite of its prolific use, activated carbon remains an expensive material since the higher the quality
of activated carbon, the greater it costs. Therefore, this situation makes it no longer attractive to be
widely used in small-scale industries because of cost inefficiency. Due to the problems mentioned
previously, research interest into the production of alternative adsorbent to replace the costly
activated carbon has intensified in recent years. Today, attention has been focused on the low-cost
adsorbents as alternative adsorbent materials. Fytianos et al., (2002) investigated the removal of
dyes on three low-cost adsorbents, fly ash, bentionite, bleaching earth and also on activated
carbon. A large number of low-cost adsorbents have been treated for dyes removal. The successful
removal using low cost adsorbents has been carried out by several researchers (Mall et al., 1996
and Bailey et al., 1999). Armagan et al., (2004) have studied the adsorption of reactive azo dyes
on zeolite and modified zeolite. Besides that, waste materials from seafood processing industry
such as chitosan (Sakkayawong et al., 2005) was used to adsorb anionic dyes. Natural materials
such as rice husk, sawdust and palm kernels also occupy a position in the production of
inexpensive adsorbents (Davila-Jimenez et al., 2005).

Recently, chitosan that is used as an adsorbent has drawn attentions due to its high contents of
amino and hydroxy functional groups showing high potentials of the adsorption of dyes (Uzun et
al., 2004), metal ions (Wu et.al., 2000) and proteins (Zeng et al., 1998). Chitosan is the
deacetylated form of chitin, which is linear polymer of acetylamino-D-glucose. Other useful
features of chitosan include its abundance, non-toxicity, hydro-philicity, biocompatibility,
biodegradability and anti-bacterial property (Ravi Kumar, 2000). Moreover, the adsorption of
reactive dyes (Reactive Red 189, Reactive Red 222, Reactive Yellow 2 and Reactive Black 5),
basic dyes (methylene blue), and acidic dyes (Acid Orange 51, Acid Green 25) in natural solutions
using chitosan shows large adsorption capacities (Uzun et al., 2004 and Yoshida et al., 1991).
Although chitosan shows better adsorption ability in the bead form than in the flake form due to
its higher specific surface area (Wu et. al., 2000), the weak mechanical property (highly swollen
in water) and low specific gravity of the beads make them inconvenient for practical use in
column mode adsorption.

The palm oil industry is one of the most important agricultural industries in Malaysia. Oil
palm ash, a waste material from oil palm industries, cause a disposal problem. However, oil palm
ash has received attention for its unique combination of physical and chemical properties (high
oxide contents). Zainuddin et al., (2005) reported that the palm ash contents a very high oxide
(Si02 40.0%: Ah03 6.1 %: Fe2032.5% ) which give its structure the credibility as a good
adsorbent. Moreover, Ahmad et al., 2006 reported that the oil palm ash showed very high
adsorption capacity to remove direct dye.

Materials and Methods

Chitosan and Activated Palm Ash

The dried oil palm ash (OPA) was sieved through a stack of U.S. standard sieves, and the fine
particle size of 631lm are used. Then, OPA were washed with deionized water until neutral. Fifty
grams of OPA were activated by refluxing with 250rnl of 1 mol L- 1 H2S04 at 80°C in a round
bottom flask for 4 hours. The slurry was air-cooled and filtered with a glass fiber. The filter cake
was repeatedly washed with deionized water until the filtrate is neutral. It is then dried in an oven
at 110°C before use.

The Reactive Black (RES) dye used in this work was obtained from Sigma-Aldrich, Malaysia
and used without further purification. The aqueous solution was prepared by dissolving solutes in
deionized water to the required concentrations without any pH adjustment. The wavelength of
maximum absorbance (Amax) for RES was 597 nm.
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Cross-linked Chitosan fOil Palm Ash Composite Beads

Chitosan flake (lg) was dissolved in 1 mol L- 1 acetic acid (lOOmI) and mixed with activated oil
palm ash (lg) and were agitated for 1 hour. Then the viscous solution is sprayed dropwise through
a syringe, at a constant rate, into neutralization solution containing 15% NaOH and 95% ethanol
in a volume ratio of 4: 1. They are left in the solution for one day. The formed composite beads
were washed with deionized water until solution become neutral and then stored in distilled water.
Epichlorohydrin (ECH) purchased from Sigma-Aldrich was used as cross-linking agent in this
study and used without further purification. The procedure for cross-linking was same as reported
previously (Chiou and Chuang, 2006). Basically, the cross-linking bath agent contained 50 cm3 of
IN sodium hydroxide solution and chemical cross-linking reagen ECH were mixed and shaken for
6 h at 50 °c with water bath. The molar ratio of cross-linking reagentichitosan was 0.5. The cross
linking composite beads were filtered out, washed with deionized water and stored in distilled
water. Then, the beads were dried in a freeze dryer for 6 h before used as an adsorbent

Experimental Procedures

Adsorption isotherm was performed in a set of 43 Erlenmeyer flasks (250mL), where solutions of
dye (IOOmL) with different initial concentrations (50-500 mg/L) are placed. An equal masses of
0.2g of particle size (2-3mm) composite bead (adsorbent) are added to dye solution, and the
mixture are then kept in an isothermal shaker (30°C ± 0.1) for 48 hours to reach equilibrium. A
similar procedure is followed for another set of Erlenmeyer flask containing the same dye
concentration without adsorbent to be used as a blank. The flasks are then removed from the
shaker, and the fmal concentrations of dyes in the solution was measured at 597nm, using UV
Visible spectrophotometer (Shimadzu UVNisl60l Spectrophotometer, Japan). The amount of
adsorption at equilibrium time t, qe (mg/g), is calculated by:

(Co -C,)V
q,= W

(1)
where Coand Cr (mg/L) are the liquid-phase concentrations of dye at initial and any time t,
respectively. Vis the volume of the solution (L), and Wis the mass of dry adsorbent used (g).

The procedures of kinetic experiments are basically identical to those of equilibrium tests. The
aqueous samples are taken at present time intervals, and the concentrations of dye are similarly
measured.

The amount of adsorption at time t, q, (mg/g), is calculated by:

(Co -C,)V
q,= W

(2)
where Co and C, (mg/L) are the liquid-phase concentrations of dye at initial and any time t,
respectively. Vis the volume of the solution (L), and W is the mass of dry adsorbent used (g).

Results and discussions

Effect of Initial Dye Concentration and Contact Time

The effect of initial concentration and contact time on dyes adsorption by cross-linked chitosan/oil
palm ash composite beads was studied at different initial RB 5 concentrations ranging from 50 _
500 mg/L as shown in Figure 1. This parameter was studied at temperature 30°C and without any
pH adjustment (pH = 6.2). As can be seen from Figure 1, the amount of the adsorbed dyes at low
initial concentration (50-200 mg/L) achieve adsorption equilibrium in about 4 hours, reaches a
constant value beyond which no more is removed from solution. While at high initial dye
concentration (300-500 mg/L), the time necessary to reaches equilibrium was about 24 hours.
Ho~ever, the experimental data were measured at 48 hours to make sure that full equilibrium was
attamed. It was observed that the uptake of dyes increase with time. These curves indicate the
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Figure 4: Freundlich Isotherm of RB 5 at Different Initial Dye Concentrations on Cross-linked

ChitosanlPalm Ash Composite Bead.

Table 1: Langmuir and Freundlich Isotherm Constants for Adsorption of RB 5 on Cross-linked
ChitosanlPalm Ash Composite Beads.

Langmuir isotherm Freundlich isotherm

Qo b
KF

R2 RL n (mg/g)(U R2

(mg/g) (l/mg)
mg)l/n

357,1 0.08 0.97 0.023 1.44 30.57 0.96

Adsorption Kinetics

Pseudo-First-Order Kinetic Model
The first-order rate expression of Lagergren and Svenska, (1989) based on solid capacity is
generally expressed as follows:

d' =k\(q.-q,)

, (2.14)
where qe and q, are the amount adsorbed at equilibrium and at time t, respectively (mg/g), and k/ is
the rate constant of first-order adsorption (Umin). After integration and applying boundary
conditions, t = 0 to t = t and q = 0 to q = q, integrated form of Eq. (2.14) becomes

kt
log(q. -q,) = logq. - 2.;03

(2.15)
The slopes and intercepts of plots of log(qe-qt) vs. t (Figure 5) were used to determine the first
order rate constant, k/. In many cases the first order equation of Lagergren does not fit well to the
whole range of contact time and is generally applicable over the initial stage of the adsorption
processes (McKay and Ho, 1999a)

Pseudo-Second-Order Kinetic Model
Based on adsorption equilibrium capacity, the second-order kinetic model (Ho and McKay 1998,
2000) is expressed as:

dq, k ( )2d= 2 q.-q,,
(2.16)

where k2 is the rate constant of pseudo second-order adsorption (g/mg min), qe and q, are the
amounts of adsorbed at equilibrium and at time t, respectively. Integrating equation (2.16) and
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