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Abstract: This present work is aimed to investigate the potential use of oil palm empty fruit bunch
(EFB) as a low-cost adsorbent for the removal of malachite green dye. The untreated and treated palm
oil empty fruit bunch characteristics were studied using Fourier Transform Infra-Red (FTIR)
spectroscopy and scanning electron microscopy. The effects of initial concentration (20-100 mg/L) and
adsorbent dosage (0.2-1.0 g) on the adsorption process were investigated to remove malachite green
dye by batch adsorption method. Results show high-performance removal of dye for untreated and
treated EFB with the adsorptive removal of 88.3% and 94.5% of the initial concentration and 80.84%
and 88.07% of the adsorbent dosage. The adsorption isotherms were analyzed using Langmuir and
Freundlich isotherm models. The results satisfactorily fitted with Langmuir isotherm revealed that
monolayer adsorption mechanisms occurred on the EFB adsorbent surface. The maximum monolayer
adsorption capacities were 714.3 mg/g and 1250 mg/g for untreated and treated EFB adsorbents,
respectively. The overall results indicate that the treated EFB by alkaline method could be used as a
promising low-cost adsorbent to remove the malachite green dye.
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1. Introduction

The discharge of toxic colored effluent from the textile industry during the dyeing
process is undeniable. About 10-15% of the dye from industries are directly discharged into
the environment after the dyeing process, which may cause a negative impact on the ecosystem
[1-3]. Malachite green (MG) dye is known as a hazardous dye for the environment and humans.
MG is widely used for dyeing cotton, jute, silk, wool, and leather and used as a fungicide, anti-
protozoan ectoparasites, and disinfectant in the fish farming industry [1, 4-6]. However, MG is
linked to an increased risk of cancer, highly cytotoxic to mammalian cells, and acts as a liver
tumor promoter [7-9]. Therefore, it is important to remove these dyes from industrial effluents
before being discharged into the environment.

Numerous researchers discovered a variety of chemical, physical and biological
treatment technologies to overcome dye contaminated water. Among all the available methods,
the adsorption process is a preferred method due to its ease of operation, simplicity of design,
high efficiency, and comparatively low cost of applying the decoloration process [10]. In the
adsorption process, activated carbon is a commonly used adsorbent as it has excellent
adsorption properties in removing different types of dyes and other toxic pollutants. However,
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its application is limited due to its expensive cost [11]. Many efforts have focused on
developing low-cost alternative adsorbents such as mineral, industrial by-products, and
agricultural residues that are low cost and abundantly available [1, 12-14].

Empty fruit bunch (EFB) is an oil palm agricultural waste available in large quantities
in Malaysia. About 1 ton of EFB solids were produced from each ton of oil extracted from the
fruit bunch [15]. The EFB has no significant industrial and commercial uses, mostly dumped
in landfills and pose severe environmental problems. Therefore, this study aims to explore the
potential of untreated and alkaline treated empty fruit bunch (EFB) as an adsorbent for the
removal of malachite green (MG) dye in an aqueous solution. The adsorbent characteristics
and the effect on the parameters such as initial dye concentration and adsorbent dosage were
investigated. The isotherm adsorption model was also studied.

2. Materials and Methods

2.1. Preparation of adsorbents and dye solution.

Empty fruit bunch (EFB) was obtained from Kilang Kelapa Sawit Sungai Tong at Setiu,
Terengganu. The sample was cleaned with tap water several times to remove impurities and
dust particles before it was washed with distilled water. The sample was dried in an oven at
105°C for 24 hours. The dried samples were manually cut into smaller sizes in the range of 0.5
to 1.0 cm and sieved to a size of 1 mm. The sieved sample was stored in an airtight plastic
container and ready to be used as an untreated EFB. Meanwhile, treated EFB was prepared by
adding the raw EFB into 0.1M of aqueous sodium hydroxide (NaOH) solution for 24 hours.
Then the solution was decanted off, and the impregnated EFB was dried in the oven at 105°C
overnight. The modified sample was rinsed with distilled water until the pH becomes neutral.
The treated EFB was dried at 105°C for 24 hours. Finally, the treated EFB was cut into smaller
sizes, same as untreated EFB before it was stored in the airtight container.

Malachite green dye, with chemical formula C23H2sCIN2, the molar mass of 364.911
g/mol, and Amax Of 617 nm, was purchased from Bendosen Laboratory Chemical. MG dye's
molecular structure is illustrated in Figure 1. 1000 mg/L of MG dye stock solution was prepared

by dissolving the dye's required amount in distilled water.
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Figure 1. Structural formula of malachite green dye.
2.2. Characterization of adsorbents.

The EFB surface morphology was obtained by using JEOL JSM-6360LA scanning
electron microscope (SEM) at the Scanning Electron Microscopy Unit Laboratory, Institute of
Oceanography and Environmental, Universiti Malaysia Terengganu (UMT). The samples were
mounted onto the SEM metal stub, followed by coating with a 20 nm thick layer of gold before
viewing under the SEM. The surface morphology of untreated and treated EFB was compared.
The surface functional group of adsorbents was determined by using Fourier Transform
Infrared (FTIR) spectroscopy. The surface functional groups of untreated and treated EFB were
analyzed in the range of 400-400 cm™. The surface charge of the adsorbents from EFB was
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determined by using SurPASS electrokinetic analyzer. The adsorbents from EFB were loaded
into the cylindrical cell before measuring the zeta potential by using the analyzer.

2.3. Batch adsorption studies

Batch adsorption experiments were conducted to evaluate the effects of initial dye
concentration and adsorbent dosage. The experiment was carried out with 100 ml of dye
solution in a 250 ml conical flask and agitated at 150 rpm in the water bath shaker at room
temperature. The effect of initial dye concentration was carried out in the range of 20 to 100
mg/L at a constant adsorbent dosage of 0.2 g. Meanwhile, for the effect of adsorbent dosage, a
range of adsorbent dosage from 0.2 to 1.0 g was used with 100 mg/L of initial dye
concentration. The percentage of dye removal was calculated using the equation:

% Dye removal = [Co — Ci] /Co x 100
where, Co is the initial dye concentration (mg/L) and Ci is the equilibrium dye concentration
(mg/L).

3. Results and Discussion

3.1. Characterization of EFB adsorbents.

A scanning electron microscope was used to study the morphology of untreated and
treated EFB. The SEM image of the surface morphology and cross-sectional of the untreated
and treated EFB are shown in Figures 2(a) and 2(b), respectively. The pore space on the surface
of untreated EFB is indistinctly visible and blocked by certain dirt particles and cementing
substances.
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Figure 2. Surface morphology and cross-sectional of (a) untreated and (b) treated EFB adsorbent.

Besides that, the surface of untreated EFB shows a smooth and even surface due to the
presence of lignin, hemicellulose, waxes, silica, and other dirt substances. The same
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observations were reported by Chowdhury et al. [2] on the study of malachite green adsorption
onto rice husk. Meanwhile, the surface of treated EFB is uneven, with many opened pore
spaces. As reported by Naseer and their co-workers [16], the alkaline treated fiber was assisted
in removing a certain quantity of the dirt substances and activated the hydroxyl groups of the
EFB cellulose. Furthermore, the alkaline treatment of EFB has resulted in the changes to the
structural linkage in the EFB feasibly through disruption of the hydrogen bonding and
rearrangement of cellulose components through the formation of the new hydrogen bonds via
intermolecular hydrogen bonding. This may lead to a higher dye adsorption capacity for treated
EFB.

The FTIR spectra of untreated and treated EFB are presented in Figure 3. The
broadband stretching at 3346 and 3343 cm™ in the figure indicates O-H groups' presence due
to the hydrogen bonding of polymeric compounds such as alcohols, phenols, and carboxylic in
cellulose and lignin. The study of the methylene blue adsorption onto NaOH-treated coconut
coir by Asim et al. [17] indicated that O-H groups' presence was shown the existence of ‘free’
hydroxyl groups on the adsorbent surface. The band at 2922 and 2920 cm™* belongs to the C-H
stretching vibration of aliphatic acids. This stretching indicates the presence of methyl and
methylene groups in the EFB component [18]. The disappearance of the 1730 cm™ band of the
untreated EFB confirms the effectiveness of the alkaline treatment of EFB at removing a large
portion of lignin and hemicellulose. This band basically represented the carbonyl functions of
carboxylic acid, aldehyde, and ester groups peculiar to lignin. The same observation was
showed by Djilali et al. [19] in the study of alkaline treated timber sawdust for removal of basic
dyes. Meanwhile, the medium intensity peak at 1240 and 1249 cm indicates the —C-O-C- -
glycosidic linkage in cellulose, and the sharp peak at 1031 cm™ represents C-H in-plane
deformation of lignin. The existence of B-glycosidic linkage is due to the presence of lignin in
lignocellulose material. Those functional groups' intensity for treated EFB was lower than
untreated EFB confirmed that treated EFB has a lower amount of lignin. According to
Chakraborty et al. [20], the lignin existence can minimize the binding of available functional
groups on the adsorbent surface and adsorbate molecules.
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Figure 3. FTIR spectrum of untreated and treated EFB adsorbent.

Table 1 shows the comparison of the BET surface area and total pore volume of EFB
adsorbents with other adsorbents from previous studies by other researchers. The BET surface
https://biointerfaceresearch.com/ 15001
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area of untreated and treated EFB were 0.95 and 0.63 m?/g, respectively. Meanwhile, the total
pore volume of untreated and treated EFB were 0.002 and 0.0013 cm?®/g, respectively. The BET
surface area for both EFB adsorbents was almost similar to the BET surface area of wheat
shells adsorbents. The adsorbent's surface area’s low value was due to the difficulties involved
in degassing the lignocellulosic samples because the powder is burnt even before reaching the
degassing temperature. Thus, the degassing temperature (100°C) is reduced, resulting in a low
surface area due to moisture [21].

Table 1. Comparison of the BET surface area and total pore volume of EFB adsorbents with some other studies.

Adsorbent BET surface area, m¥g Total pore volume, cm®/g References
Untreated EFB 0.95 0.0020 This study
Treated EFB 0.63 0.0013 This study
Peanut shell 2.2 - Herbert et al. [22]
Rice straw carbon 1.16 0.0028 Saad et al. [23]
Wheat shells 0.67 - Bulut and Aydin [24]
Banana peels 0.65 - Pathak and Mandavgane [21]
Foumanat tea waste 45.0 - Ebrahimian et al. [18]
Flax Seed Ash Beads 45.01 0.041 Isik and Ugragkan [12]
Green pea peels 316.20 0.2717 Dod et al. [25]
Cashew nut shell 395.00 0.4732 Senthil Kumar et al. [26]
Pumpkin seeds 737.90 0.3700 Njoku et al. [27]

Surface charges of EFB adsorbents were obtained from the zeta potential by using an
electrokinetic analyzer (EKA). The surface charges of adsorbents were important to know the
adsorbent surface's principle and its surrounding interactions. Table 2 shows the zeta potential
of untreated and treated EFB were recorded from -21.180 to -24.936 and -27.505 to -30.208
mV, respectively. According to Li et al. [28], this negative surface charge of lignocellulosic
materials is associated with carboxyl and phenolic OH groups. The charge on the surface of
treated EFB was more negative than that of untreated EFB leaves, suggesting that alkali
treatment onto the adsorbents enhances OH ions' negative charge on the surface adsorbents.
Similar results were reported in the study of adsorbent from bark which is from -13.9 to -31.6
mV [29].

Table 2. Zeta potential of untreated and treated EFB adsorbents.

Ram Zeta potential (mV)
P Untreated EFB Treated EFB
1 -22.257 -29.990
2 -22.024 -28.510
3 -21.180 -27.505
4 -24.936 -30.208

3.2. Batch adsorption studies.
3.2.1. Effect of initial dye concentration.

The percentage of MG dye removal for untreated and treated EFB, as shown in Figures
4(a) and (b), increased from 80.6 to 88.3% and 88.1 to 94.5% with the decrease in the initial
dye concentration from 20 to 100 mg/L, respectively. The higher percentage dye removal is
obtained at a lower concentration as there is less MG quantity to be adsorbed at a lower
concentration than high concentration Maia et al. [30]. There is no reduction in removal
capacity of treated EFB, unlike untreated EFB. These results clearly proved that the alkaline
treatment of EFB effective in removing MG dye due to their rough surface and the existence
of the ‘free’ hydroxyl groups on the adsorbent surface. The uptake of MG dye increased with
the increase in contact time. The equilibrium removal of MG was obtained after 480 min
contact time. The initial adsorption was rapid at first 30 min, and after that, it proceeded at a
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slower rate (30-420min) and finally reached equilibrium. The findings are due to the initial
concentration increases, and the mass transfer driving force becomes higher, hence resulting in
larger MG adsorption. The same findings were reported by Nasrullah et al. [31] on the study
of methylene blue adsorption on various carbon.
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Figure 4. Effect of initial dye concentration on dye adsorption onto (a) untreated and (b) treated EFB
adsorbents.

3.2.2. Effect of adsorbent dosage.

Figure 5(a) and (b) show the effect of adsorbent dosage on the MG dye removal onto
untreated and treated EFB, respectively. MG dye's uptake onto untreated EFB increased from
57.34 to 80.84% when the adsorbent dosage increases from 0.2 to 0.8g and then reduces to
79.36% at 1.0g adsorbent dosage. However, the percentage of dye removal for treated EFB
increased from 79.13 to 88.07% with the increase of adsorbent dosage from 0.1 to 1.0g. The
increase was due to the higher MG dye molecules were attached to the adsorbent surface site
and thus reduce the repulsion between the solute molecules of the solid and bulk phases [32].
The removal of MG dye for treated EFB was higher than untreated EFB due to the alkaline
treatment of adsorbent that offered more pores to the surface of adsorbent than the untreated
EFB.

100
90

80 -|
70
60 -
50
40
30 |

Percentage of dye removal (%)
Percentage of dye removal (%)

20 /

10 4/

T T T T T |
0 50 100 150 200 250 300

Time interval (min)

Figure 5. Effect of adsorbent dosage on dye adsorption onto (a) untreated and (b) treated EFB adsorbents.
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3.2.3. Adsorption isotherm.

The adsorption isotherm is mainly significant in describing how solutes interact with
adsorbents and is important in enhancing adsorbents [1]. The obtained results from the
equilibrium conditions were studied based on Langmuir and Freundlich adsorption isotherms.
The Langmuir isotherm assumes monolayer adsorption onto a surface containing a finite
number of adsorption sites of uniform approaches with no shifting of adsorbate in the plane
surface [33]. The Langmuir adsorption isotherm model is depicted in the equation:

1/de = 1/(gmax.KL.Ce) + 1/Qmax

https://biointerfaceresearch.com/ 15003


https://doi.org/10.33263/BRIAC116.1499815008
https://biointerfaceresearch.com/

https://doi.org/10.33263/BRIAC116.1499815008

where ge is the amount of dye adsorbed at equilibrium (mg/g), Ce is the MG dye concentration
(mg/L), gmax is the maximum monolayer adsorption capacity of the adsorbent (mg/g), and K.
is the Langmuir adsorption constant related to the free energy adsorption (L/mg). The linear
plots of specific adsorption (1/ge) against the equilibrium concentration (1/Ce) for dye
adsorption onto untreated and treated EFB are shown in Figure 6. The isotherm constants, K,
and equilibrium monolayer capacities, gmax can be evaluated from the intercept and the plots'
slope. The Langmuir parameters are listed in Table 3. The R? values show that the adsorption
isotherms fit the Langmuir isotherm with the correlation coefficient of 0.9455 and 0.9888 for
the adsorption of MG dye onto untreated and treated EFB, respectively.
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Figure 6. Langmuir isotherms.

The essential characteristics of the Langmuir isotherm can be expressed in terms of a

dimensionless constant separation factor Rv that is given in equation:
RL = 1/1+ (Co.KL)

where Co is the highest initial MG dye concentration (mg/L). The value of RL shows the shape
of the isotherm to be either unfavourable (RL > 1), linear (RL = 1), favourable (0 < RL < 1), or
irreversible (RL = 0). The value of RL was found to be 0.702 and 0.746 for the untreated and
treated EFB, respectively, thus confirms that both adsorbents from EFB favor the adsorption
of MG dye. Furthermore, the gmax values of the adsorption of MG dye on the treated EFB were
higher than the value of the untreated EFB, which are 1250 and 714.3 mg/g, respectively. Based
on Table 4, the values of gmax for EFB adsorbents were almost similar to other adsorbents from
previous studies by other researchers.

Table 3. Parameters of adsorption isotherm of untreated and treated EFB adsorbents.

Adsorbent | Untreated EFB | Treated EFB
Langmuir isotherm

gmax (MQ/Q) 714.3 1250.0

Kt (L/mg) 0.0043 0.0034

RL 0.702 0.746

R? 0.9455 0.9888
Freundlich isotherm

Krmg/g(L/mg)1/n) 4212 1.4494

1/n 0.807 0.546

R? 0.9107 0.9449

The adsorption isotherm was further studied by using the Freundlich isotherm model.
The Freundlich isotherm is commonly used to describe the adsorption characteristics for the
heterogeneous surface [34]. The Freundlich model is depicted in the equation:
log ge = log Kr + log Ce (1/n)
https://biointerfaceresearch.com/ 15004
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where, Kk is the Freundlich constant (mg/g.mg), and n is a constant related to the adsorption
intensity. Both constants are obtained from the plot’s interception and slope, respectively. From
the plot of log ge against log Ce as shown in Figure 7, the correlation coefficient R? for the
adsorption of MG dye onto untreated and treated EFB are 0.9107 and 0.9449, respectively.
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Figure 7. Freundlich isotherms.

Table 4. Comparison of maximum adsorption capacity of EFB adsorbents with other adsorbents.

Adsorbent Dye Max. adsorption capacity, | References

gmax (Mg/Q)
Untreated EFB Malachite green 714.3 This study
Treated EFB Malachite green 1250.0 This study
Bark Basic red 2 1119.0 McKay et al. [35]
Rice husk Basic red 2 838.0 McKay et al. [35]
Tree fern Basic red 13 408.0 Ho et al. [36]
Cottonseed hull Neutral red 166.7 Zhou et al. [37]
Palm kernel shell Methylene blue 183.4 Garcia et al. [38]
C. equisetifolia needle Methylene blue 110.8 Dahri et al. [39]
C. equisetifolia needle Malachite green 77.6 Dahri et al. [39]
Potato plant waste Malachite green 27.0 Gupta et al. [40]

4. Conclusions

The present study shows that treated EFB is an effective adsorbent for removing MG
in the aqueous solution. The surface morphology and functional group of treated EFB were
enhancing the higher adsorption of MG dye. The parameters such as initial dye concentration
and adsorbent dosage were found to affect the adsorption efficiency of treated EFB with the
higher percentage of MG dye removal. The MG dye adsorption onto EFB followed Langmuir
isotherm model with the maximum adsorption capacity of 714.3 mg/g and 1250 mg/g.
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