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ABSTRACT

Per/is has long been known to have the largest plantation of sugar cane in Malaysia for sugar
production. The production ofsugar, however, produced enormous quantity ofunwanted bagasse.
This by product ofsugar production will be used as an alternative medium for adsorption of toxic
heavy metals from industrial wastewater. The bagasse was initially modified by simple acid
treatment to improve its adsorptive capacity. In order to determine its effectiveness, a study of the
adsorption mechanism was conducted on the removal of 50-300 mg/L range of haxavalent
chromium from aqueous solution at 30, 40 and 50 'C. .
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Introduction

Toxic pollutants, either organic or inorganic in nature, can enter the environment through various
means. Most of the organic compounds eventually degrade, regardless of the rate and the level of
decomposition. Inorganic materials present harder challenges; especially those that are metal
elements with little else bound to them. Chromium as an example is an element, and cannot be
degraded to a substance lesser than its elemental form.

The health effects of chromium are partially related to the valence state of the metal at the
time of exposure. Metallic chromium and chromium alloys are essentially inert and do not cause
any adverse health effects (lCDA, 2003). However, Cr (III) and Cr (VI) compounds are thought to
be the most biologically significant to human health (ASTDR, 2000). Cr (III) is an essential
dietary mineral in low doses required to potentiate insulin for normal glucose metabolism. Soluble
Cr (III) substances can be irritating to the eyes and skin, but this effect is usually related to their
acidic nature. Insufficient evidence exists to determine whether Cr (III) can be a human
carcinogen (EPA, 1998), however Cr (VI) was classified as a known human carcinogen based on
studies of workers in chromium processing factories who developed lung cancer after chronic
inhalation exposures (EPA, 1998 and IARC, 1997). Apart from that, there is no scientific evidence
for any adverse acute or chronic health effects caused by exposures at typical environmental
concentrations.

Chromium has various industrial applications; namely in steel and alloys making,
electroplating, wood treatment, textile dyeing, paint production and leather tanning (Browning,
1969), thereby large quantities of chromium-bearing wastewater are generated. It is therefore,
essential to provide a systematic discharge and treatment method to conserve the environment
from chromium contamination.

Adsorption on activated carbon is a well-developed method for the treatment of water and
wastewater. However, the price of activated carbon made of charcoal, coconut shell and oil palm
shell is getting more costly, thereby limiting its use in wastewater treatment, especially for small
industries in developing countries. In the recent years, researchers are extensively searching for
low-cost and abundantly available adsorbents for Cr adsorption, such as residue of olive mill
products (Gharaibeh et al., 1998); straw (Kumar et al., 2000); crab shell (Kim, 2003); wheat bran
(Farajzadeh & Monji, 2004); carrot residues (Naserjad et al., 2005) and oil palm fibre (Isa et al.,
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2008).
Pedis has long been known to have the largest plantation of sugar cane in Malaysia for sugar

production. The production of sugar, however, produced enonnous quantity of unwanted bagasse.
This by product of sugar production will be used as an alternative medium for adsorption of
hexavalent chromium from a synthetic industrial wastewater.

Materials and Methods

Chemicals and Raw Material Preparation

All primary chemicals used were of analytical reagent grade. Potassium dichromate (K2Cr207),
sulphuric acid (H2S04) and sodium hydroxide (NaOH) were used without further purification.
Aqueous solutions were prepared with distilled water. A 1000mg/L Cr(VI) stock solution was
prepared using K2Cr207. This solution was used to prepare the desired working solutions for batch
experiments, simulating chromium-bearing industrial wastewater.

Sugarcane bagasse obtained from a local sugar industry in Pedis was activated with simple
sulphuric acid and heat treatment according to the method used by Garg et a1. (2004) for further
use in the adsorption experiments. One part of air-dried adsorbent was mixed with one part of
concentrated sulphuric acid in a ceramic crucible and heated in a muffle furnace for 24 hours at
150°C. The heated material was cooled and washed with a copious quantity of water until the pH
was that of distilled water. After that, the bagasse was dried in an oven for 24 hours at 105°C. The
resulting adsorbent was then ground and seived to an average size of 1.18cm.

Batch Adsorption Method

Previous studies showed that adsorption of Cr (VI) was favourable at acidic initial pH (Brown et
al., 2000; Ajmal et al., 2001; Yu et a1., 2003 and Isa et al., 2008), thus test for pH were carried out
using 6 conical flasks, each containing 50 mL of 50 mg/L of Cr (VI) and adjusted to pH 1.0-6.0.
In a separate test, adsorbents were mixed with solutions of Cr (VI) ranging from 50-300 mg/L (at
optimum pH) for adsorption equilibrium study; each done at 3 different temperatures (i.e. 30,40
and 50°C). Thus, the effect of temperature on adsorption equilibrium could be assessed.

Initial pH adjustment was done using IN sulphuric acid or IN sodium hydroxide solutions.
. Contact time allowed for each flask; filled with 500 mg adsorbent and 50 mL of adsorbate was 2
hrs. After being agitated, the supernatant was filtered out using filter paper. Following filtration,
the filtrate was then analysed using Hach DR 2800 Spectrophotometer for Cr (VI) final
concentration.

Results and Discussion

Optimum pH

Cr (VI) ions adsorbed per mass of adsorbent (mg/g) was at maximum in initial pH range of 1.0 to
2.0, and reducing as the pH values of Cr (VI) solutions were increased (Figure 1). The results
obtained were in accordance with previous studies on the uptake of Cr (VI) from aqueous solution
by agricultural waste biomass, hazelnut shell activated carbon and powdered activated carbon
(Garg et al., 2007; Kobya et al., 2004; Isa et al., 2008).

Optimum adsorption of Cr (VI) by the sugarcane bagasses treated with sulphuric acid at
lower pH range may be due to abundantly available positive ions for neutralization of the
negatively charged adsorbent sites, thus increase the adsorption of Cr (VI) anions onto the bagasse
(Rao et al., 2002).
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Figure 1: Effect of pH on the Removal of Cr (VI) by Sugarcane Bagasse

Adsorption Isotherms

The Langmuir and Freundlich isotherms were employed to describe the adsorption equilibrium
(Figures 2 and 3). Theoretically derived Langmuir model assumes adsorption energies are
uniform and independent of surface coverage and complete coverage of the surface by a
monolayer of adsorbate indicates maximum adsorption. On the other hand, Freundlich mode is an
empirical equation encompasses the heterogeneity of the adsorbent surface, the exponential
distribution sites and their energies (Weber, 1985). The linear form of Langmuir and Freundlich
isotherm is expressed as the following:

1 1 1
-=-+--
qe 00 OobCe

(1)

1
Inq. = InKF +-lnC.

n
(2)

where q. is the amount of Cr (VI) adsorbed per unit weight of adsorbent (mg/g) and C. is the
equilibrium concentration ofCr (VI) in solution (mg/L).
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Figure 2: Linearized Langmuir Isothenns at Different Temperatures

-1.5

.303K

.313K

• 323K

-2.0-2.5-3.0-3.5

•

-4.0

• •
+----r--------,-----,-----.,.------,----,

4.0

3.5

3.0

•l:T 2.5
..E

2.0

1.5

1.0

-4.5

Figure 3: Linearized Freundlich Isothenns at Different Temperatures

Table 1 lists the values of Qo. maximum adsorption capacity of Cr (VI) adsorbed onto treated
EFB; calculated from Equation 1 and b, a constant related to the affinity of binding sites with Cr
(VI) ions (Goel et al., 2005). Qo is highest at 50°C, thus the adsorption process was considered as
endothermic; where increasing temperature increases the Cr (VI) adsorbed.
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Table 1: Langmuir Isotherm Model Constants and Correlation Coefficients for
Adsorption of Cr (VI) onto EFB

Temperature Langmuir constants

T(°C) b (Umg) Qo (mglg) R]

30 5.7500 39.53 0.9961

40 7.5806 42.55 0.9605

50 3.6429 98.04 0.9401

The plot of In q. versus In C. yields KF and n as shown in Table 2. KF (Ug) or the quantity of
Cr (VI) adsorbed onto adsorbent at equilibrium concentration increases with temperature rise
from 30 to 50°C. The n (dimensionless) is a measure of adsorption intensity or surface
heterogeneity. Adsorption of Cr (VI) is favourable at situation where 0.1 < lin < 1.0 (McKay et
aI., 1982).

Table 2: Freundlich isotherm model constants and correlation coefficients for adsorption
of Cr (VI) onto EFB

Temperature

30

40

50

Freundlich constants

55.53

61.83

80.17

n

1.5893

1.7126

1.7044

lIn

0.6292

0.5839

0.5867

0.9825

0.9587

0.8639

Based on R2 values summarized in Tables 1 and 2, it is concluded that both Langmuir and
Freundlich isotherm models can adequately describe the adsorption of Cr (VI) onto sugarcane
bagasse. However, experimental data shows a slightly better fit to the Langmuir equation than
that of Freundlich.

Adsorption Thermodynamics

Adsorption standard free energy changes (6GO) can be determined from:

I1GJ =-RTlnK
c

(3)

(4)

where the universal gas constant, R equals to 8.314J/moI.K; q. is the amount of Cr (VI) adsorbed
(mg) on the oil palm EFB per litre of solution at equilibrium; C. is the equilibrium concentration
(mg/L) of Cr (VI) in solution; T is the temperature in K; Kd is the observed equilibrium constant
of adsorption process. Kd was calculated with respect to temperature according to the method used
by previous researchers (Khan and Singh, 1997); by plotting In (qe!C.) versus q. and extrapolating
to zero q. (Figure 4).

293



NAIMAH IBTlAHIM ET AL.

7.0

6.0

5.0

~ 4.0

~ 3.0
.E

2.0

1.0

0.0

0

~J: -

.303K

.313K

.323K

5 10 15 20 25 30 35

q.

Figure 4: Plots of In (q,JC.) versus q. for Cr (VI) Adsorption onto Sugarcane
Bagasse at Different Temperatures.
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Figure 5: Van't Hoff Plot for Cr (VI) Adsorption onto Sugarcane Bagasse

Thermodynamic parameters; standard enthalpy change (tiJ-JO) and entropy (D.SO) for the
adsorption of Cr (VI) onto sugarcane bagasse were derived from the plot of ln Kc versus liT
(Figure 5) based on Van't Hoff equation:

!:!SO !1Ho
inK =----

c R RT
(5)

As shown in Table 3, a positive enthalpy change obtained suggests that the adsorption process of
Cr (VI) onto sugarcane bagasse is endothermic. The free energy of the process at all temperatures
is negative and changes with the rise in temperature, indicating that the adsorption process is
spontaneous in nature, and the spontaneity increases with the rise in temperature (Lyubchik et al.,
2004). The entropy change is a positive value, representing the affinity of sugarcane bagasse for
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Cr (VI) and the increasing randonmess at solid-solution interface during adsorption process.

Table 3: Thermodynamic Parameters ofCr (VI) Pdsorption onto EFB at Different
Temperatures

T Kc M? t!.S" M/"

(eC) (kJ/mol) (J/mol K) (kJ/mol)

30 249.46 -13.90 152.13 32.14

40 400.57 -15.60

50 548.84 -16.94

Conclusions

The adsorption of Cr (VI) onto sugarcane bagasse was highest at pH below 2.0, thus suitable for
applications in treatment of electroplating effluents which is normally acidic in nature. Both
Freundlich and Langmuir isotherm models were applicable to describe the adsorption process
with respect to temperature based on their R2 values, however experimental data is better fitted to
the latter model. Maximum adsorption capacity of Cr (VI) adsorbed onto treated sugarcane
bagasse, Qo as calculated using Langmuir isotherm at 50°C is 98.04 mg/g. Thermodynamics
parameters studied were used to partly explain the adsorption mechanism. The adsorption process
of Cr (VI) onto sugarcane bagasse was endothermic and spontaneously occurred.
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