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Abstract— One of the important classes of the pollutants is
dyes, once they discharge in to the water receiving bodies
causes several human and environmental problems. The aim of
this work was to investigate the adsorption of Everzol orange
3R (EO-D), and Supra yellow RL (SY-D) dyes from synthetic
waste water using hybrid modified adsorbent from blended rice
husk (BRH) and carbonized palm shell (CPS) in single layer
bed column adsorption study . For this purpose, six types of
adsorbents were used for dyes removal which are one unmixed
rice husk (100% BRH) adsorbent ; one unmixed carbonized
palm kernel shell (100% CPS) adsorbent ; and four hybrid
adsorbents prepared by mixing (BRH) and (CPS) with mixing
ratios 20%,40%,60%,80% wt of BRH . Each adsorbent was
characterized individually by elemental analysis, BET surface
area, and Field Emission Scanning Electron Microscope
(FESEM). Evaluating the performance of the columns was
carried out by means of removal efficiency and area under the
graph analysis. The result showed that, both dyes were strongly
adsorbed by 0% (BRH)) with removal efficiency of 89.7%, and
96.8%, with least area under the graph of 1282, and 1164,
respectively. As a conclusion, using unmixed carbonized palm
shell as adsorbent for (EO-D) and (SY-D) dyes removal showed
a maximum removal efficiency with least area under the graph
and mixing of rice husk with CPS as a hybrid adsorbent did not
reveal any beneficial effect for increasing the removal
efficiency of studied dyes.

I.

INTRODUCTION

D

yeing industry is one of the largest water consuming
industries [13]. At present, there are more than
10,000 commercial dyes and the annual production of
these dyes is estimated to be 7x105 tons [16]. It is
reported that 10–15% of the used dyes enter the
environment through wastes [10, 11]. The main
consumers of dyes are textile, dyeing, paper and pulp,
tannery and paint industries, and hence the effluents of
these industries as well as those from plants
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manufacturing dyes tend to contain dyes in sufficient
quantities. Dyes are considered an objectionable type of
pollutant because they can endangering human health. It
can enter the body by oral ingestion and inhalation and
cause skin and eye irritation [6, 18].
Due to the environmental and health impact of these
dyes in wastewater effluents, many technologies have
been developed for purification and treatment of
wastewater consists of various chemical, physical and
biological. These including chemical precipitation,
solvent extraction, oxidation, reduction, dialysis /electro
dialysis, electrolytic extraction, reverse osmosis, ionexchange, evaporation, cementation, dilution, adsorption,
filtration, floatation, air stripping, stream stripping,
flocculation, sedimentation and soil flushing/ washing
chelation processes [4, 23]. It is important to evaluate the
technology’s selection based on several factors such as
available space for construction of treatment facilities,
ability of process equipment, limitation of waste disposal,
desired final water quality, and costs of capital and
operating.
Among all the process, adsorption is found to be one of
the most suitable techniques to remove pollutants from
wastewater. It is highly preferred due to its high
reliability, energy efficiency, design flexibility,
technological maturity and the ability to regenerate the
exhausted adsorbent [9]. Apart from removing many
types of pollutants, adsorption also has wide application
in water pollution control [19].
Activated carbon has been identified as the most
widely used adsorbent for adsorption process to remove
various types of dyes. This is due to its higher surface
area and porous structure, which then lead to higher
adsorption capacity. Despite of these advantages, the
manufacturing cost of adsorption process is expensive
due to high cost of activated carbon and regeneration
process.
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Table 1. Mixing Ratio of (CPS) and (BRH) Hybrid Adsorbents

In an attempt to address the cost problems associated
with commercial adsorbents; the use of abundant, locally
available, low cost adsorbents derived from agricultural
wastes which are oil palm shell and rice husk are
proposed in this study. However, the application of
untreated agricultural wastes material as adsorbents can
also bring several problems such as low adsorption
capacity [8]. Therefore, these materials need to be
modified or treated before being applied for the
decontamination of dyes.
Most of the previous
researchers focused on the removal of one type of dyes
by using agriculture waste materials such as, Methylene
Blue [22], Malachite Green [1], Rhodamine B [17] and
Acid Orange 52 (AO 52) [12]. There are very few studies
on the removal of multi-dyes from wastewater [20, 21].
In reality, there were many types of dyes in wastewater
and there is a lack of research on the removal of multidyes from wastewater.
This research was conducted to examine the potential
to generate a synthetic adsorbent from CPS and BRH to
be used in the removal of multi-dyes from wastewater.
For this purpose, single bed adsorption experiments
were conducted to measure the removal percentages of
two different types of dye (EO-D) and (SY-D) using the
modified hybrid adsorbents.

II.
A.

METHODOLOGY

Preparation of modified hybrid Adsorbents.

Raw
rice
husk
was
obtained
from
PadiBerasNasionalBerhad (BERNAS) in Sekinchan,
Selangor, Malaysia and Palm kernel shells were collected
from the Palm Oil Mill Technology Center (POMTEC),
Labu, Negeri Sembilan, Malaysia. The Raw Rice Husk
and Palm kernel shells were washed with distilled water
and filtered prior to drying at the temperature range of
105 – 110°C.The raw rice husk was then blended and
sieved to 150 – 250 μm size using Retsch mechanical
sieve shaker and the final obtained adsorbent product was
named as blended rice husk (BRH). The sample was
stored in plastic bottles and used for the reference of
experiments for each dye. On the other hand, the raw
palm kernel was carbonized at 600°C in a furnace for 5
hours. The carbonized palm shells were then underwent
size reduction by grinding using the waring commercial
laboratory blender and sieved to the range of 150 to 250
µm. At this point, grinded carbonized palm shell was
termed as (CPS).
Six hybrid adsorbents with total amount of 6 gm and
different mixing ratios illustrated in Table 1 were
produced using (CPS) and (BRH) in order to remove
(EO-D), and (SY-D) from the simulated wastewater
samples.
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Wight of adsorbents(gm)
BRH mixing ratio
(BRH)

(CPS)

100%

6

0

80%

4.8

1.2

60%

3.6

2.4

40%

2.4

3.6

20%

1.2

4.8

0%

0

6

B. Characterization of adsorbents
B.1. Elemental Analysis
Elemental analysis of carbon (C), hydrogen (H),
nitrogen (N), oxygen (O), and sulphur (S), contained in
(BRH) and (CPS) were determined by using Flash EA
Elemental Analyzer (CHNS – O). In particular, an empty
tin cup was placed in analytical balance which was
normalized to zero. Then, the sample was added to the tin
cup and weight was regulated until it is in the range of
2.5 – 3.0 mg. The weight of the sample was recorded on
data sheet and in sample table. After that, edge of the tin
cup was fold over to seal the sample. Then, the sealed
sample was placed into tray in collect slot.
B.2. Surface Morphology Analysis
Field Emission Scanning Electron Microscope
(FESEM) was also used to study the surface morphology
of the (BHR) and (CPS) samples. Specifically, FESEM
studies were carried out by using a ZEISS SUPRA 40VP
FESEM at an electron acceleration voltage of1 kV and
magnification of 1000 times. Prior to scanning, samples
were coated with a thin layer of gold using a sputter
coater to increase their electrical conductivity to release
the electrons absorbed from the beam, reducing or
avoiding the occurrence of charging.
B.3. BET Surface Area
Surface area analysis was undertaken using a
Micromeritics Chemi Sorb Surface Area Analyzer and
the Brunauer–Emmett–Teller method (BET) was applied
to estimate the specific surface area (SBET).Prior to
analysis; each catalyst sample was enclosed in glass cell
and evacuated or purged in the inert gas to ensure that
there was no adsorbed moisture. Theoretically, the BET
method is based on adsorption of nitrogen gas on a
surface of BRH and CPS adsorbents. The amount of gas
adsorbed at a given pressure allows surface area
determination.
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Preparation of simulated wastewater

0.2 g of each dye was dissolved in 250 ml distilled
water. The resulting dissolved water was then aged under
stirring at 600 rpm for 5 minutes. The simulated
wastewater was prepared by diluted each dye solution
with distilled water until the volume of each sample
reached 10 liter, so the initial concentration for each dye
will be 20 ppm. The simulated wastewater samples were
stored in chemical container.
D. Adsorption study
Adsorption experiments were conducted using a
burette of 1.6 cm diameter for each dye. Figure 1 shows
the schematic diagram of the experimental set-up used for
adsorption studies. Adsorption experiments were carried
out for each dye by using hybrid adsorbents in single –
layered fixed bed column. For each dye, six hybrid
adsorbents with different mixing ratio were prepared and
drying at temperature of 30°C before being used in order
to remove the moisture. Then each adsorbent was loaded
from the top of the burette and placed on 1cm thick of
cotton bed at the bottom of the burette in order to hold
the adsorbent. The burette was regularly shaken while the
hybrid adsorbent being loaded to minimize void volume
as well as air gaps and allow settling by gravity. The top
surface of each adsorbent was covered with 1cm thick of
cotton to prevent the spread out of the adsorbent. After
that, the burette was charged with simulated wastewater
in the down flow mode manually. The treated wastewater
samples were then collected at certain time intervals until
the volume for each sample is reached 8 ml. Adsorption
capacity was evaluated by means of area under the graph
analysis and removal efficiency.
E.

Figure1. Schematic Diagram of Experimental Set Up for Single –
Layered Fixed Bed Column Used in Adsorption Study

E.2.

Removal Efficiency Analysis

Adsorption behaviors of dyes towards each type of
hybrid adsorbents were studied by evaluating percentage
removal efficiency from Equation (2).

C  C 
(2)
% Removal   0
  100
 C0 

Data Analysis
Where

E.1. Area under the Graph Analysis
Adsorption performance of all experiments was
evaluated by area under the graph analysis. Therefore, the
area under the graph was determined by the application
of the trapezoidal rule of integration. Since the number of
interval during 180 minutes was different for every
adsorbent, the non-uniform trapezoidal rule (Equation 1)
was adopted throughout this study.
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III. RESULTS AND DISCUSSION

.
.

k 1

The investigation of the data was started by illustration
of a standard curve (Figure 2) for each dye. For each dye
with different known concentration solutions the average
adsorbance was plotted as a function of dye concentration
at
equal to 493 and 393 for (EO-D) and (SY-D)
respectively. The relationship between adsorbance and
the two dyes concentration appears in linear with R2=
89110 and 0.999 in the same previous order. Calibration
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curves were in agreement with Beer's law, which predicts
a linear relationship between adsorbance and
concentration.

4
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3
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Figure 2. Calibration Curves for the Studied Dyes.
Table 2. Elemental Percentage of Different Types of Adsorbents

A. Characterization of Adsorbents
A.1. Elemental Analysis
Regarding to BRH adsorbent, mean percentage values
for carbon (C), hydrogen (H), oxygen (O), and nitrogen
(N) were 36.96 4.58 , 55.14, and 1.14respectively as
shown in Table 2. The elemental composition of raw
palm shell (RPS) and CPS adsorbents was shown in the
same Table . The carbon percentage increases from
47.3% to 55.15% after the RPS was carbonized where it
underwent conversion into a carbon-containing residue
because of high temperature. Moreover, the moisture
content and volatile compound were removed, clearing
the path for adsorption and increase the adsorption
efficiency.
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C

H

N

O

S

BRH(%)

36.96

4.58

1.14

55.14

8

RPS(%)

47.3

5.45

47.13

1.52

8

CPS(%)

55.1

1.12

39.6

2.82

8

A.2. Surface Morphology
Figure 3 (a) and (b) presented the FESEM images of
raw rice husk RRH and BRH respectively. Micrographs
show considerable changes in morphology of rice husk
adsorbent after expose to mechanical treatment. In
particular, the surface of BRH was much rougher and
highly heterogeneous than that of RRH, demonstrating
the effect of size reduction. The heterogeneous surface of
BRH provided more exposed surface area of rice husk
adsorbent towards highly potential adsorption of dyes.
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(b)

(a)

Figure 3. Surface Morphology of a) RRH, b) BRH Adsorbent

The surface morphology of raw palm shell RPS and
CPS is presented by Figure 4 (a) and (b) respectively.
Figure 4(a) presents the microphotograph of RPS under
3000x magnification. It was observed that the pore on the
surface is hardly seen. This may be attributed to a thin
layer of volatile compound and moisture exists on the top
surface and covers the pores. However, the adsorption
can still occur on the surface but in limited space.
Meanwhile, in CPS adsorbent (Figure 4 (b)), pores are
visible under 3000x magnifications. The thin layer
appeared previously in Figure 4(a) seems to disappear,
due to the effect of carbonization. The carbonization of
palm shell produces pores and eliminates volatile
compound, moisture and other elements to generate
clearer surface and larger surface area to provide an area
for adsorption.

(b)

(a)
Figure 4: Surface Morphology of a) RPS, b) CPS Adsorbent

A.3. BET Surface area record
A BET surface area analysis was performed on BRH
and CPS adsorbents. Results are provided in Table 3.The
specific surface area of BRH adsorbent was found to be
5.12m2/g. This value was significantly greater than
previously reported values for raw rice husk RRH [2, 3,
5, 7, 14, 15]. Whereas, the high surface area of CPS
adsorbent (279.24 m2/g) is mainly attributed to the
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combustion of palm shell organic components leaving
several pores.
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Table 3.BET Surface Area of Adsorbents.
Adsorbents BET surface area (m2/g)
BRH
5.12
CPS
279.24
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Table 4. Area Under the Graph and Removal Efficiency for Adsorption
of (EO-D)
Hybrid mixing
Removal
Area under graph
ratio
efficiency%
100% (BRH) 2838.5756
25.27851
0% (CPS)
80% (BRH) 4242.28515
7.70557
20% ( CPS)
60% (BRH) 5229.62997
n/a
40% (CPS)
40% (BRH) 5318.59416
n/a
60% (CPS)
20% (BRH) 2141.31034
26.45889
80% (CPS)
0% (BRH) - 100
1281.69761
89.7878
% (CPS)
Adsorption of (EO-D)
Total area
21052.093

B. EVALUATION OF ADSORPTION CAPACITY
Area under the graphs analysis was performed by
applying Equation (1) to evaluate the adsorption
performance of aforesaid experiments. The concentration
of each dye in synthesis waste water was determined
using six hybrid adsorbents with different mixing ratios
of CPS and BRH and plotted accordingly. After plotting
the graph, area under curve for each dye was determined
by trapezoidal rule within contact time of 180 minutes.
The lowest area under the graph represent the highest
efficiency.
B.1.

The adsorption graph of (EO-D)using six hybrid
adsorbents is illustrated in Figure 5. Since the lowest
area under the graph represent the highest removal
efficiency. It is clear that, (EO-D)is strongly adsorbed by
0% (BRH) and 100 % (CPS) hybrid adsorbent with the
lowest area under graph and highest removal efficiency
which are represented in Table 4 as 1281.69761, and
89.78% respectively.
Meanwhile, all other hybrid
adsorbent ratios exhibited low removal efficiency of less
than 27 % through the contact time of 180 minutes.
However, the area under the graph and removal
efficiency for adsorption of (EO-D) for all hybrid mixing
ratios is presented in table 4 below. As shown in Figure
5, desorption of the dye occurred with the 20% (BRH) 80% (CPS) hybrid adsorbent at the 89 minute. Probably
due to the inhibitory of other component and less
interaction with the adsorbent.

Note: n/a refers to increment of Concentration of dye
after adsorption.

40
35
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30

100% BRH

25

80 %B RH

20

60% BRH

15

40% BRH
20% BRH
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0% BRH
5
0
0

50

100
Time (min)

150

200

Figure 5. Adsorption of (EO-D) by Six Types of Hybrid Adsorbents.

B.2. Adsorption of (SY-D)
Particularly, according to the adsorption graph of (SYD) which is depicted in Figure 6, it is obvious that, (SYD) is strongly adsorbed by 0% (BRH) and 100 % (CPS)
hybrid adsorbent with removal efficiency of 96.8% and
least adsorbed by 60% (BRH) and 40% (CPS) hybrid
adsorbent. On top of that, Table 5 compares the area
under the graph and removal efficiency for adsorption of
www.ijeit.misuratau.edu.ly

(SY-D) by six types of hybrid adsorbents. It can be
conclude that, 100%CPS absorbent exhibited higher
surface area compared to other mixing absorbents and
that is may attribute to the high surface area and the
presence of void volume.
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Table 5. Area Under the Graph and Removal Efficiency for Adsorption
of (SY-D)
Hybrid mixing
Area under the graph
Removal
ratio
Efficiency%
100% (BRH) - 0%
3261.051471
20.38603
(CPS)
80% (BRH) - 20%
5430.075368
n/a
( CPS)
60% (BRH) - 40%
7317.352941
n/a
(CPS)
40% (BRH) - 60%
6707.47996
n/a
(CPS)
20% (BRH) - 80%
2456.477941
10.64338
(CPS)
0% (BRH) - 100
1164.373162
96.83824
% (CPS)
Total area
26336.811
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Figure 6: Adsorption of (SY-D) by Six Types of Hybrid Adsorbents.

IV.

evaluate the effect of number of beds on the adsorption
performance.

CONCLUSION

Hybrid adsorbents were produced by mixing different
ratios of BRH and CPS adsorbents. To evaluate the
adsorption capacity of these hybrid adsorbents, two
different types of dyes were dissolved to make simulated
wastewater. For Everzol orange 3R and Supra Yellow RL
dyes, the result demonstrated that CPS adsorbent with no
BRH expedited a highest removal efficacy of 89.7878and
96.83824 respectively, with lowest area under graph of
1281.69761 and 1164.373162 respectively in 180 minute
contact time. It was supported by field emission scanning
electron micrograph of the CPS adsorbent which
produces more pores to generate clearer surface and
larger surface area. It can be conclude that, treatment of
rice husk with carbonized palm shell did not reveal any
beneficial effect. carbonized palm shell was more
effective compared to all mixed ratios used as adsorbent.
For future studies, it is suggested to investigate the
adsorption capacity of studied adsorbents for removal of
Everzol orange and Supra yellow dyes from synthetic
waste water using multi – layer fixed bed column to
www.ijeit.misuratau.edu.ly
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