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ABSTRACT
Clean water is an essential element for the survival of humans and nature. However, the tremendous growth in industrialization has
degraded the water quality by introducing pollutants such as dyes into the main water bodies such as rivers. In this research, the locally
collected agricultural wastes such as watermelon peel (Citrullus lanatus) and corn peel (Zea Mays) were tested on two types of
synthetics dyes such Remazol Brilliant Violet 5R (RBV5) and Remazol Brilliant Blue R (RBBR). From the screening test, the
watermelon peel achieved the highest color removal percentage with 44.8% and followed by corn’s peel with 18.89%. Both adsorbents
were selected for the batch adsorption test by varying the parameters. Based on the results achieved from the batch adsorption test, the
optimum removal of dye particles was achieved at the lowest concentration of dye solutions. The optimum pH value to achieve a high
percentage of color removal is at pH3, which is acidic. In this case, the 3 g of adsorbent dosage achieved the highest percentage of color
removal compared to 5 g. This could due to insufficient contact time. In addition, the chemical and physical characteristics of the
adsorbents were analyzed using FESEM and FTIR respectively. By analyzing the surface texture and functional group, differences in the
adsorbents before and after adsorption were noticed. Besides that, based on the obtained R2 values from the linear plotting, the Temkin
isotherm model and pseudo-second-order kinetic model fitted well compared to other isotherm and kinetic models. In conclusion, the
watermelon peel and corn peel are capable of removing dye particles in the industrial effluent under selective conditions with low cost
while being environmentally friendly.
Keywords: Adsorption; corn peel; watermelon peel; Remozal Brilliant Violet 5R; Remozal Brilliant Blue R.
1. INTRODUCTION
The clean water is a prerequisite to almost all the
activities involving human and nature with important
consequences to the daily life chain. Good quality of water
achieves a favorable level of physical and chemical acceptances
compare to the national water quality guidelines. This is to ensure
that the water quality could meet both the human activities and
environment to be in balance. As a developing country, Malaysia
has undoubtedly resulted in positive economic growth and water
pollution as well. This is due to the majority of the plant processes
involve water flow [1-3]. Approximately, 1000 L of water for each
1000 kg of clothes was used by the textile industries during the
dyeing process. Dye is substances with high color concentration
that are applied to the fibres that result in permanent coloring that
is repellent of light, water, and soap [4-7]. For almost two
centuries, varieties of synthetic dyes with wide range of colors
combinations have monopolised industries, which involves in
coloring. In this case, textile dyeing industries itself consume up to
90% of the total dyes produced in order to create colorful look on
the fabric and the remaining 10 % consumed by paper, leather,
chemical and other industries. Clean water is very crucial in textile
industries especially during the dyeing process because water was
used as the transporting medium to diffuse the dye into the
material and the vapour from the steam used to heat the treatment
baths. For example, about 30 to 60 g of required dyestuff was
dissolved with 70 to 150 L of water to dye just 1 kg of fabrics [8].
One of the most favourable types of dyes used in textile industries

is the synthetic dyes due to the high wet fastness profile, vibrant
shades of color, simple synthesis process and low in cost. The
presence of chromogen-chromophore structure (acceptor of
electrons) that produce the colors and the presence of auxochrome
structure for the color intensity [9]. RBV5 and RBBR are a monoazo reactive dye and anthraquione dye that significantly used dyes
in the textile, fabrics and paper-printing industries. Both dyes are
most recognizable reactive dyes and commonly applied in the
fabrics in textile industries. During the production of polymeric
dyes, RBBR is often used as preliminary material. The common
descriptions of reactive dyes such as RBV5 and RBBR are watersoluble and anionic compound. The chemical structures of the
synthetic dyes vary enormously and some of it does consist of
scented structures. Those structures delay the degradation period
in conventional wastewater treatment processes due to high
tolerance level to daylight, oxidizing agents and microorganism
[1, 10]. As the end result from dyeing process, those colored
effluents impart the dye particles to nearest water bodies such as
rivers and lakes. The percentages of unabsorbed dye by the fabrics
in the effluents usually range from 20% to 50% [8, 11]. Those dye
particles in the water could greatly slow down the light
penetration, which will affect the photosynthesis processes. This
increases the tendency to chelate metal ions that produce microtoxicity to the aquatic organisms and decrease the quality of water
by releasing unpleasant odour, unnatural colors, harmful toxic and
carcinogenic as well. The removal of dyes particles from the
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wastewater or industrial effluent can be complicated, inefficient, adsorbents and adsorbates. Adsorption takes place solely due to
expensive due to the highly complex chemical structures, and the attractive force between the adsorbent surface and the liquid
environmentally challenging. However, there are three basic by physical or chemical bond. This results in a highly concentrated
treatment methods in removing the dye molecules such as adsorbent and changes the pores structures in the outcome [2]. The
physical, chemical and biological. The physical treatment was very first adsorbent introduced to treat the wastewater was
conducted in order to improve the physical quality of the effluent activated carbon back in 1940s [14]. The characteristics of
such as by reducing the total dissolved solids (TDS) and total activated carbon vary according to the raw materials and each has
suspended solids (TSS) in the effluent, chemical treatment different sizes of porosity. The advantages of activated carbon are
involves adsorption, ion exchanging and membrane separation and large porous surface area and minimum acid or base reactivity.
biological treatment involves aerobic and anaerobic process or However, the drawback is the large portion of activated carbon
using activated sludge [12]. The most common drawbacks form needed to treat the wastewater that will increase the expenditure of
the listed treatment methods are expensive and incompetent in the industries [13, 15]. In order to achieve an acceptable level of
removing the dye particles from the effluents. In this case, clean water for the environment, human activities and industrial
adsorption method could the most appropriate treatment method to processes, adsorption using agricultural wastes is the most suitable
treat the effluents containing dyes components. To be more treatment method. Based on current researches, adsorption using
specific, adsorption involves decolorisation mechanism, which agricultural waste as the replacement to activated carbon is more
includes the physical-chemical factors such as dyes interaction, profitable, simple and achieves the needed water quality. The aim
adsorbents surface area, and particle sizes, pH, and contact time of this study was to apply watermelon peel (Citrullus lanatus) and
[12-13].
corn peel (Zea mays) as potential adsorbent to adsorb RBV5 and
Adsorption is a process where the molecules of the RBBR dyes. Various parameters condition on the adsorption,
dissolved compounds are adsorbed on the surface of the solid adsorption isotherm, kinetic studies and physical and chemical
adsorbent without producing undesirable by-products in the water. characteristic were also being examined.
The two main key elements during the adsorption process are the
2. MATERIALS AND METHODS
2.1. Chemicals and materials.
The highest available grade of RBV5 and RBBR was
obtained from Sigma-Aldrich (Milwaukee, USA). Ethanol 96%
was purchased from Qrec (New Zealand) and sulfuric acid 95 97% was purchased from Merck (Germany). For this study, 40
ppm of RBV5 and RBBR has been prepared as a stock solution
and for further experiment. Table 1 shows the properties of RBV5
and RBBR. The watermelon peel and corn peel were collected
from the traditional market, Johor Bahru, Malaysia. The collected
agricultural biomass was washed under the running water several
times and with distilled water once before placing it in the oven.
The cleaned agricultural wastes were placed in the oven at 105ºC
for about 24 hours or until completely dried. Finally, the dried
materials were grinded using the blender until fine powder
achieved. The grinded adsorbents were stored in a closed
container to prevent dust or other pollutants interacting with the
adsorbents.
2.2. Adsorption experiment.
To evaluate the potential of synthetic dyes sorption onto
the natural and treated adsorbents, experiment by the batch study
has been conducted. The optimize data obtained by research
variable study of parameters such as pH, adsorbent dosage, contact
time, and initial concentration. For pH parameter study, the
solution was manipulated from 3 to 11, and other variables were
controlled and kept constant for 24 h. For the adsorbent dosage
parameter, the weight was manipulated from 1g to 5g. While for
the dye concentration study, the initial concentration was set from
30 mg/L to 50 mg/L and contact time range from 120 minutes to
600 minutes. The control was carried by addition of dye without
adsorbent. The top part of all the conical flasks was covered using
aluminium foil in order to avoid any foreign particles such as dust
from interacting with the solutions. All conical flasks were placed
into the orbital shaker with agitated speed of 150 rpm at room

temperature (±27ºC). The sample was tested by using a UVVisible Spectrophotometer (RBV5 λmax= 558nm; RBBR λmax=
558nm). The percentage of color removal and adsorption capacity
were calculated using the equation (1) and (2), as follows:
Color removal (%) =
Adsorption capacity (

……………………
) =

(1)

………………

(2)

Where Co is initial concentration of the dye solution, Cx is the
final concentration of dye solution after the adsorption process, M
is the mass of adsorbents used and V is the volume of solution.
2.3. Physical and chemical characterization.
The structural and the chemical properties of the two
most efficient adsorbents were picturized and analysed before and
after the adsorption process in order to identify the differences.
For the surface texture the Field Emission Scanning Electron
Microscopy (FESEM, JEOL 6335f-SEM, Japan) was used. In the
other hand, the chemical properties such as the functional group of
the adsorbents were analysed using Fourier Transform Infrared
Spectroscopy (FTIR) (Spectrum one, Perkin Elmer, USA)
recorded in the spectral range of 400-4000 cm-1.
2.4. Isotherm and kinetic studies.
Adsorption isotherm and kinetic models are mathematical
equations that describe the efficiency of adsorbents interacting
with the dye solutions or pollutants by optimizing the surface
characteristics, adsorption capacity and the effectiveness of the
design towards adsorption systems. The adsorption isotherm study
of the samples was conducted by manipulating the concentration
of dyes in experiments.
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Table 1. The chemical and physical properties of RV5R and RBBR.
Remazol Brilliant Violet 5R
Remazol Brilliant Blue R

Properties
Chemical Structure

- C.I. Reactive Violet 5
- Reactive Violet 5
- Reactive Violet M-5R
- Diamira Brilliant Violet 5R
C20H16N3Na3O15S4
Powder
Dark violet
Solid
735.58 g/mol
Soluble in methanol (10 mg/ml), and water (partially)
Above 360°C
95%
Room temperature

Synonyms

Molecular formula
Appearance
Appearance (color)
Physical state
Molecular weight
Solubility
Melting point
Purity
Storage

Other parameters were controlled as optimized studied
and were run for 24 h. To describe the best adsorption isotherms
of dyes onto the adsorbents, the following isotherm models were
used [15]:

- Reactive Blue 19
- C.I. Reactive Blue 19
- Diamira Brilliant Blue R
- C.I 61200
C22H16N2Na2O11S3
Crystalline powder
Dark blue
Solid
626.54 g/mol
Soluble in water (1 scentedmg/ml)
Above 305°C
50%
Room temperature

pseudo-first-order and pseudo-second-order and intraparticle
diffusion. The kinetic study was calculated by using equation as
follow (Foo and Hameed 2010):
Pseudo-first-order model:
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Langmuir equation:
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Temkin equation:
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Intraparticle diffusion:

q  k diff t
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1/ 2

C

(8)

Where Ce (mg/L) is the concentration of BPA solution at
equilibrium, qe (mg/g) is the amount of sorbed dyes at equilibrium,
qm is the maximum sorption capacity, KL is the Langmuir constant,
KF and n is the Freundlich constant, A is the Temkin equilibrium
binding constant (L/g) and B is the Temkin constant related to the
heat of sorption (J mol−18).
For kinetic models, the adsorption process was analysed with the

Where qe and qt (mg/g) respectively indicate the amount 1 of the
dyes adsorbed at equilibrium and at time t (min); K1 is the pseudofirst-order rate constant and K2 is the pseudo-second order rate
constant.

3. RESULTS
3.1. Characteristics of adsorbents.
Both the FESEM images above were observed at 1000×
magniﬁcation. Figure 1A shows the raw watermelon peel that
contains pores with the same pattern and some of the parts of the
adsorbent seem to be uneven due to the presence of surface layers
with heterogeneous pores. Some major changes in the surface
texture of the watermelon peel were observed after RBBR
adsorption (Fig. 1B). Approximately, more than half of the
adsorbents pores were clogged by the dye particles which indicate
effective adsorption took place and resulting smoother surface
texture. Some pores were still empty which may be due to
insufficient contact time for more adsorption to occur. The honey
comb like pores was showed by raw corn peel due to the presence
of pores with almost same pattern but varies in diameter (Fig. 1C).
The Figure 1D is the FESEM image in corn peel after the

adsorption of RBBR and RBV5 pictures a noticeable difference
such as the visible pores seen initially in Figure 1C was filled by
the dye particles. Comparatively, the corn peel after adsorption of
RBBR dye outcome in a more even surface compared to after
adsorption of RBV5 dye as some binding sites were still available.
In overall with the presence of some heterogeneous pores on the
surface of the adsorbent, allowed the dye molecules to be adsorbed
more due to increase in surface area and homogenous pores also
increased the access of binding sites [16]. However, compared to
raw watermelon peel, raw corn peel pores seem to be much deep
which could provide large surface area for the both dye particles to
interact. In overall, the presence of deep pores in the corn peel
increases the capacity of the adsorbent to adsorb more dye
particles and result in better color removal percentage [17].
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Figure 1. FESEM images of watermelon peel adsorbent (A), watermelon peel after dyes adsorption (B), raw corn peel adsorbent (C), corn peel after
dyes adsorption (D).

Figure 2 presents some noticeable peak evolving and
shifting due to the adsorption of RBBR and RBV5 dyes. The raw
watermelon peel achieved peak at 3518cm-1 and after RBBR
adsorption the peak shift slight to 3490cm-1. Both the peaks are
attributed to O-H (stretch) and H-bond which is categorized under
the alcohols and phenols functional group. The second peak for
the raw watermelon peel was noticed at the frequency of 3211 cm1
had a minor change of peak to 3100 cm-1 due to the adsorption of
RBBR dye particles. Those two strong and broad peaks indicate a
strong bonding relationship of carboxylic acid with O-H (stretch)
bond. The weak band peak at 1644 cm-1 was shifted to strong peak
at 1640 cm-1 which corresponds to alkenes group with –C=C–
(stretch) bond. The weak peak at 1000 cm-1 has transformed into a
strong and narrow peak at peak 856 cm-1 after the adsorption of
RBBR dye particle has been carried out. This clearly explains the
presence of alkenes group with =C–H (bend) bond. The alkene
functional group has continuously achieved two strong peaks
which illustrates a strong relation to the adsorption capacity of the
watermelon peel adsorbent. Finally, the last weak peak at the
frequency of 622 cm-1 at raw watermelon’s peels have
tremendously changed to strong and narrow peak at the peak of
567 cm-1 which are endorsed to alkyl halides with C–Br (stretch)
bond. In overall, the changes in the peak explains the intense
involvement hydroxyl functional groups with hydrogen bonding
allows the dye particles to interact with the adsorbent [18]. The
raw corn peel achieved peak is compared to the peak after the
adsorption of RBV5 and RBBR. The first peak for the raw corn
peel is at 3375 cm-1 and both the peaks after adsorption did not
vary much such as for the RBV5 at 3350 cm-1 and for the RBBR
at 3400 cm-1. All the three peaks are corresponding to alcohols
and phenols with O–H stretch and H– bond. Based on Figure 2B,
the second peak at 2864 cm-1 seem to be moderate during the raw
condition compared to after adsorption peak at 2913 cm-1 for both
RBV5 and RBBR. This can be explained as the intensity of the
peak decreases tremendously. All the three peak are categorized as

alkanes functional group with C–H (stretch) bond. The decrease in
intensity of alkane indicates the uncertainty of the alkanes bonding
during the adsorption. The third peak at 1650 cm-1 at the raw corn
peel has been shifted from strong to moderate peak at the
frequency of 1626 cm-1 for RBV5 and 1625 cm-1 for RBBR. Both
the dye adsorption undergoes the same level of reduction in the
intensity of amines functional group with N-H (bend) bond. At the
following peak, the same alcohols, carboxylic acids and esters
functional group with C–O stretch bond has been maintained
although some changes such as the increase in intensity in
adsorption of RBV5 dye and increase in the broadness in
adsorption of RBBR dye compared to the raw peak at 1063 cm-1.
Finally, the weak peak at 588 cm-1 has shifted to be more strong
peak at 538 cm-1 for both RBV5 and RBBR and confirm the
involvement of alkyl halides with C–Br (stretch) bonding. In
conclusion, the alcohols, phenols, carboxylic acids, esters and
ethers are functional group that is able to bind pollutants such as
dye particles. The continuous peaks in Figure 2B prove the
capability of the adsorbent to adsorb dye particles and outcome in
better water quality [19].
3.2. Batch studies.
Two adsorbents showed the highest percentage of color
removal was selected to proceed with the batch test adsorption
(Table 2). The dye type, concentration of the solution, contact
time, agitation speed and adsorbent dosage were standardized
throughout the screening experiment. This is because by
standardizing the parameters, the color removal percentage can be
accurate for all the adsorbents and minimize errors in the final
selection of the most efficient adsorbents. All the adsorbents
achieved color removal percentage lower than 50 %. The highest
and second highest color removal percentage was achieved by
watermelon peel with 49.47% followed by corn peel with 18.89%.
The watermelon peel achieved the highest adsorption capacity of
2.058 mg/g followed by corn peel adsorbent adsorption capacity
of 0.786 mg/g. The relationship between the adsorption capacity
Page | 4709

Shivashanggeeta Kanthasamy, Tony Hadibarata, Topik Hidayat, Saud A. Alamri, Abdullah Ahmed Al-Ghamdi
and the concentration of the treated solution is inversely
proportional. This can be explained as the concentration of the
treated solution decreases, the adsorption capacity increases. The
decrease in concentration after the adsorption process indicated
the removal of dye particles.
Based on Table 3, the corn peel in RBV5 dye and watermelon
peel in RRBR dye achieved the inversely proportional results such
as the initial concentration increases, the color removal percentage
decreases. However, the corn peel in RBBR dye can be
represented as bell-curve result pattern. This can be explained as
the concentration increases up to 40 mg/L, the percentage of the
color removal rate also increases and at the concentration of 45
mg/L and 50 mg/L the percentage of removal decreases gradually.
However, the increment of color removal percentage from 30
mg/L to 40 mg/L could be higher due to the experimental errors
specifically instruments or apparatus such as cuvette. The
adsorption capacity of corn peel in RBBR decreased at the
concentration of 45 mg/L and 50 mg/L compared to the adsorption

capacity at 40 mg/L due to errors during the experiment as
mentioned above. The percentage of color removal decreases at
high concentration due to the high saturation of dyes particles on
the adsorbent surface or pores [20]. The adsorption capacity is
directly proportional to initial concentration. This could be due to
the mass transfer resistance between the dyes solution and
adsorbent surface area [1].
Table 2. Screening of agricultural biomass for adsorption of synthetic
dye.
Adsorbent
Color removal
Adsorption capacity
(%)
(mg/g)
12.74
0.530
Sweet potato peel
16.25
0.676
Breadfruit peel
49.47
2.058
Watermelon peel
5.58
0.232
Banana peel
18.89
0.786
Corn peel
8.94
0.372
Orange peel

Figure 2. FTIR spectrum of watermelon peel (A) and corn peel (B).
Initial
concentration
(mg/L)
30
35
40
45
50

Table 3. Results of RBBR initial concentration onto color removal and adsorption capacity
RBBR
RBV
Watermelon Peel
Corn Peel
Watermelon Peel
Corn Peel
Removal
Capacity
Removal
Capacity
Removal (%)
Capacity
Removal
Capacity
(%)
(mg/g)
(%)
(mg/g)
(mg/g)
(%)
(mg/g)
63.59
1.965
11.41
0.353
56.53
1.165
33.79
1.044
58.57
2.122
14.07
0.510
51.27
2.022
31.99
1.159
51.83
2.156
18.41
0.766
41.82
2.056
29.75
1.238
52.09
2.450
14.79
0.695
32.29
2.150
28.67
1.348
48.12
2.526
11.54
0.606
28.15
2.326
27.06
1.421

The color removal percentages were tested by varying the
adsorbents dosage from 1 g to 5 g as shown in Table 4. In this
experiment, the relationship between the adsorbent dosage and
color removal percentage for all three experiment are represented
in a bell-curve results pattern. The adsorbents dosage increases to
3 g, the color removal increases and at the dosage of 4 g and 5 g,
the percentage of color removal decreases. The graph patterns
produced by the adsorbents in this experiment differ from the
previous researches. In other studies, as the dosage of adsorbent
increases, the percentage of color removal increases and outcome
in ascending graph pattern until it reaches the optimum point [21].
Basically, as the adsorbent dosage increases, the color
removal percentage also should increase due to the high
availability of adsorption sites or pores for the dye particles to
interact which results in better color removal percentage. The
adsorbent dosage at 3 g is the most sufficient dosage to decolorize
the 30 mg/L dye concentration. For all the three experiments

conducted, the lowest color removal percentage is achieved at the
adsorbent dosage of 5 g due to insufficient contact time for the
highly available adsorbent pores to interact with the dye particles.
The adsorption capacity at dosage of 5 g is the lowest due to low
removal percentage and the adsorption capacity at dosage of 3 g is
the highest due to high removal percentage. Supposedly, the
adsorption capacity should increase at higher dosage of adsorbent
which indicates the better adsorption process due to high
accessibility of pores.
The color removal percentages for the adsorbents were tested
by varying the pH value from acidic to alkaline dye solution where
the pH ranges from 3 to 11 as shown in Table 5. In this
experiment, as the pH value increases from acidic to alkaline the
percentage of color removal decreases, which represents an
inversely proportional relationship graph pattern. Those achieved
results are similar to previous studies, which indicate high
accuracy of this experiment [22]. Those results can be explained
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as the dye solution is at acidic condition such as pH 3, the the contact time increases, the percentage of color removal
electrostatic attraction increases as the adsorbent with positive increases which represents a directly proportional graph pattern. In
charge surface interact with negatively charged dye solution. addition, the watermelon peel achieved equilibrium state in RBBR
However, if the solution is alkaline it is highly concentrated with dye is at the contact time of 360 minutes and the corn peel is at the
negatively charged sites due to excessive presence OH- ions. The contact time of 360 minutes. The corn peel achieved equilibrium
highly negative charged adsorbent performs less efficient state in RBV5 dye at the contact time of 480 minutes. Those
adsorption process on anionic dyes due to the electrostatic achieved results are similar to previous studies, which indicate
repulsion [23]. Based on the results below, the higher the acidity high accuracy of this experiment. The equilibrium states indicate
of the solution, the higher the adsorption capacity. This indicates the maximum availability of the adsorbents to adsorb the dye
that acidic solution performs better adsorption process compare to particles into its binding. This can be explained as the contact time
alkaline solution. The color removal percentages for the increases, the higher the access of binding sites for the sorption to
adsorbents were tested by varying the contact time from 120 occur which results in higher removal percentage sites [24].
minutes to 600 minutes as shown in Table 6. In this experiment as
Adsorbent
dosage
(g)
1
2
3
4
5
Initial pH

3
5
7
9
11
Contact time
(minutes)

120
240
360
480
600

Table 4. Results of adsorbent dosage onto color removal of RBBR dye and adsorption capacity.
RBBR
RBV
Watermelon Peel
Corn Peel
Watermelon Peel
Corn Peel
Removal
Capacity
Removal
Capacity
Removal (%)
Capacity
Removal
Capacity
(%)
(mg/g)
(%)
(mg/g)
(mg/g)
(%)
(mg/g)
62.44
1.929
12.88
0.398
52.53
1.562
30.52
0.943
69.94
2.161
19.17
0.592
48.21
2.121
31.70
0.980
72.63
2.244
24.04
0.743
40.92
2.236
42.68
1.319
70.32
2.173
13.78
0.426
34.25
2.340
30.92
0.955
55.13
1.703
9.17
0.283
29.13
2.421
15.10
0.467
Table 5. Results of RBBR initial pH onto color removal and adsorption capacity.
RBBR
RBV
Watermelon Peel
Corn Peel
Watermelon Peel
Corn Peel
Removal
Capacity
Removal
Capacity
Removal (%)
Capacity
Removal
Capacity
(%)
(mg/g)
(%)
(mg/g)
(mg/g)
(%)
(mg/g)
70.58
2.181
29.17
0.901
68.23
1.562
43.66
1.349
66.22
2.046
24.81
0.767
58.24
2.121
40.59
1.254
61.47
1.900
15.51
0.479
52.91
2.236
34.44
1.064
44.17
1.365
10.83
0.335
46.25
2.340
21.83
0.675
31.41
0.971
9.36
0.289
39.15
2.421
13.79
0.426
Table 6. Results of contact time onto RBBR color removal and adsorption capacity.
RBBR
RBV
Watermelon Peel
Corn Peel
Watermelon Peel
Corn Peel
Removal
Capacity
Removal
Capacity
Removal (%)
Capacity
Removal
Capacity
(%)
(mg/g)
(%)
(mg/g)
(mg/g)
(%)
(mg/g)
48.03
1.484
7.12
0.220
38.23
1.062
16.54
0.511
60.32
1.864
12.82
0.396
58.84
1.721
31.76
0.982
69.04
2.133
19.04
0.588
57.97
1.736
34.31
1.060
69.23
2.139
19.55
0.604
58.21
1.770
38.50
1.190
69.81
2.157
20.26
0.626
59.13
1.791
38.76
1.198

3.3. Adsorption Isotherm and Kinetics.
The adsorption isotherm constant values in Table 7 were
obtained from the linear plots of Langmuir, Freundlich and
Temkin isotherms. For Langmuir isotherm, the qm and KL value
was calculated using the straight line equation obtained from Ce/qe
vs Ce graph. For Freundlich isotherm, the n and KF value was
achieved from the straight line equation obtained from ln qe vs. ln
Ce graph. For Temkin isotherm, ln Ce vs qe graphs were plotted in
order to calculate the values of A and B. Comparatively, the
Temkin isotherm model fitted the adsorption data the best by
achieving the R2 values almost to 1 compare to Langmuir and
Freundlich isotherm. Based on the best fitted isotherm model, it
can be assumed that the heat of adsorption of all the molecules in
watermelon peel and corn peel layer declines as the surface
coverage increases due to the interaction with the adsorbate. In
addition, based on a study conducted on the removal of copper
using watermelon shell, it was concluded that Temkin isotherm

model was the best fitted. From this, it can be assumed that
Temkin isotherm for the watermelon peel is highly reliable.
However, based on the conclusion on a study on the dye
adsorption by corncob the Freundlich isotherm model has fitted
reasonably well indicating heterogeneous surface binding [13]. In
this case, best fitted adsorption isotherm may differ from other
research due to different agricultural compositions and surface
texture. The linear plots between ln (qe - qt) vs time (t) represent
the pseudo-first-order kinetic model, t/qt vs time (t) represents the
pseudo-second-order kinetic model and qt vs √t represents the
intraparticle diffusion kinetic model. Table 8 presents the
adsorption kinetics constant calculated from the straight line
equation obtained from the graph plotting. By comparing all three
selected kinetic models, the tabulated results above based on the
correlation factor the pseudo-second-order kinetic model fit well
for both the adsorbents. The pseudo-second-order kinetic model
evaluates the overall rate of adsorption and based on the factor that
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the sorption rate was controlled by chemical sorption. In
conclusion, the pseudo-second-order kinetic model fitted the
adsorption data well and achieved same best fitting kinetic model
Adsorption
isotherm
Langmuir

Freundlich

Temkin

with other two studies conducted on the removal of methylene
blue dye using corn husk powder and removal of RBBR dye using
watermelon rinds respectively [18, 25].

Table 7. Isotherm parameters for RBBR and RBV5 onto watermelon peel and corn peel adsorbents.
Adsorption
RBBR
RBV5
constant
Watermelon peel
Corn peel
Watermelon peel
qm (mg/g)
1.046
0.047
1.036
KL (mg/L)
0.209
0.045
0.189
R2
0.992
0.941
0.989
n
1.478
0.437
1.378
KF (L/mg)
9.667
24
9.567
R2
0.988
0.937
0.978
A
0.019
0.033
0.016
B
1.227
2.656
1.217
R2
0.996
0.999
0.986

Corn peel
0.195
0.063
0.973
0.360
4007
0.983
0.032
2.224
0.998

Table 8. Kinetic parameters for RBBR and RBV5 onto watermelon peel and corn peel adsorbents.
Adsorption
Adsorption
RBBR
RBV5
kinetics
constant
Watermelon
Corn
Watermelon
Corn
peel
peel
peel
peel
qe calculated
1.025
1.277
1.014
4.143
Pseudo-firstorder
k1
0.004
0.002
0.002
0.012
R2
0.852
0.883
0.841
0.949
qe calculated
2.448
1.183
2.448
1.736
Pseudosecond-order
k2
0.006
0.002
0.005
0.002
R2
0.997
0.886
0.993
0.955
C
1.469
0.181
1.569
0.514
Intraparticle
diffusion
kdiff
0.003
0.002
0.003
0.003
R2
0.781
0.847
0.791
0.788

4. CONCLUSIONS
Both the adsorbents consist of perforates surfaces in
specific the watermelon peel adsorbent consists two types of pores
such as heterogeneous and homogenous structures which
increased the binding sites areas compared to corn peel with
homogenous pores structures. Based on the FTIR analysis, the
changes such as the intensity, shifting and evolving of peaks
before and after the adsorption have been notices. From the peaks,
the functional groups were identified and functional groups such
as alcohols, phenols, carboxylic acids and hydroxyl should have
influenced the color removal percentage to increase. The
watermelon peel achieved 49.47% of color removal and corn peel
achieved 18.89% of color removal during the adsorbents
screening. The overall relationship of initial concentration of
RBBR and RBV5 dye on both adsorbents is inversely
proportional. The optimum adsorbent dosage for all three
experiments was achieved at 3 g rather than 5 g due to insufficient

contact time. Dye solutions with lower pH tend to obtain higher
removal rate due to the electrostatic attraction. The RBBR dye for
both the adsorbent achieved equilibrium at the contact time of 360
minutes and RBV5 dye at the contact time of 480 minutes. The
equilibrium states indicate the maximum capacity of the absorbent
to adsorb.
The Temkin isotherm model fits best by achieving the R2
values of 0.996 for watermelon peel in RBBR dye solution, 0.999
for corn peel in RBBR dye solution and 0.998 for corn peel in
RBV5 dye solution. Based on the linear plots for all the three
experiment the pseudo-second-order kinetic model attained R2
values close to 1 such as 0.997 for watermelon peel in RBBR dye
solution, 0.866 for corn peel in RBBR dye solution and 0.955 for
corn peel in RBV5 dye solution compared to other two kinetic
models.
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