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Abstract. Dyes pose a significant risk to water pollution due to their toxic
components which endangers both the environment and human health. The
present research is to investigate the effectiveness of carbon nanotubes
(CNTs) that were mixed with modified empty fruit bunch (MEFB) for the
elimination of Methylene Blue (MB) dye. The CNTs/MEFB was prepared
using a simple reflux method. The findings indicated that 0.25g of
adsorbent dosage has the high removal rate and 30 mg/1 is the ideal initial
concentration. The pH of 8 shows the excellent methylene uptake along
with ideal temperature of 40 °C.The Langmuir and Freundlich adsorption
isotherm model were studied, and the equilibrium data was best discussed
by the Langmuir isotherm model. Through the results obtained,
CNTs/MEFB adsorbent shows an excellent result in Methylene Blue
uptake.

1 Introduction

Water pollution, a critical global issue, has worsen due to the contamination of water
sources with harmful substances like dyes, heavy metals, and pesticides. Methylene blue
(CisHisNsClS), is widely used in industries like wood, linen, and silk. Its complex, heat-
resistant structure makes it difficult to degrade. Exposure to methylene blue poses serious
health risks, including eye damage, respiratory issues, nausea, vomiting, and a burning
sensation in the mouth and throat. [1]. Due to its limited biodegradability, developing
efficient and eco-friendly methods for MB removal from environmental samples is crucial
to protect both ecosystems and public health. Different methods including chemical
precipitation, membrane filtration, reverse osmosis, and electrochemical treatment were
used to remove MB in the wastewater [2]. Among these, adsorption is often favoured for its
simplicity, cheap, ease of operation, and high performance [3].

Malaysia is the world's second-largest producer of palm oil, following Indonesia.
Modified empty fruit bunches (MEFBs) from palm oil production contain carboxyl groups,
oxygen-containing functional groups that can bind to carbon nanotubes (CNTs) [4]. CNTs
have been shown to be effective adsorbents for organic pollutants due to their unique
properties, high surface area, thermochemical stability, and modifiable surfaces [5]. The
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aim of the study is to assess the efficiency of CNTs/MEFB in adsorbing methylene blue
(MB) from aqueous solutions [6]. To achieve this, various experimental factors were
examined, including solution pH, adsorbent dosage, initial dye concentration, and
temperature [10]. The adsorption capacity and rate of the CNTs/MEFB composite were
assessed using adsorption equilibrium isotherms

2 Materials and method

2.1 Materials

Empty Fruit Bunches (EFBs) were obtained from Szetech Engineering Sdn. Bhd., located
in Selangor, Malaysia. Carbon nanotubes, Methylene Blue, Nitric Acid (HNO3), Sulfuric
Acid (H2SO4), Sodium Hydroxide, and Hydrochloric Acid were obtained from Mila
University.

2.2 Preparation of modified empty fruit bunch (MEFB)

Palm oil empty fruit bunches (EFB) were converted into biochar through a gasification
process using oxygen with an airflow rate of 1 m?%s. The resulting biochar was dried in an
oven at 70°C for 24 hours, ground and sieved to a size of 200 mm using an ASTM-standard
sieve [1].

2.3 Functionalization of CNTs and preparation of CNTs/MEFB adsorbent

The functionalized-CNTs was prepared by an acid treatment. In a typical procedure, 10 g of
CNTs were mixed with a mixture consisting 4.0 M of nitric acid (HNO3) and sulfuric acid
(H2SO4) in a 1:3 volumetric ratio. Next, the suspension was refluxed at 80°C for 5 hours
[7,1]. The resultant mixture was then washed with distilled water until the pH reached
neutral, filtered, and dried in an oven at 50°C for 24 hours to obtain functionalized CNT.
The CNTs/MEFB composite was synthesized by dispersing an amount of functionalized
CNTs from 0.05g to 0.2g in 100 mL of deionized water. Then, 10g of MEFB was added
into the suspension and stirred at 200 rpm for 3 hours [8]. The CNTs/MEFB mixture was
subsequently centrifuged, washed with deionized water, and dried in an oven at 60°C for 12
hours. The obtained samples were stored for further used

2.4 Batch adsorption experiment

Batch adsorption studies were conducted by dispersing 1 g/l of CNTs/MEFB in a 100 mL
of 10 mg/L methylene blue solution in a volumetric flask. The adsorption process was
conducted in a water bath shacker for 2 hours at room temperature, and at 100 rpm. At
interval of time, 3 mL of the suspension were withdrawn and filtered to remove suspended
particles. The concentration of the MB was monitored using a UV-Vis spectrophotometer at
a wavelength of 665 nm. The adsorptive performance of prepared adsorbent was
investigated through the effects of adsorbent dosage, initial MB concentration, temperature,
and solution pH on the adsorption performance.

3 Materials and method

3.1 Batch adsorption study
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The influence of various parameters on the adsorption of MB by CNTs/MEFB were
assessed through One-factor-at-time (OFAT) method.

3.1.1 Effect of adsorbent dosage

Figure 1 illustrates the percentage removal of MB was increased with increasing adsorbent
loading from 0.10 to 0.25 g/L. Notably, a removal efficiency exceeding 90% was achieved
with 0.25 g of adsorbent dosage [9]. This improvement was due to the increased availability
of adsorption sites on the adsorbent's surface, as a higher adsorbent dosage exposes a larger
overall surface area of CNTs/MEFB, facilitating greater dye adsorption [10].
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Fig. 1. The effect of CNTs/MEFB dosage (g) on removal percentage of MB.

3.1.2 Effect of concentration of methylene blue

Figure 2 shows the effect of initial concentration of MB significantly affected the
adsorption capacity of MB (Fig.2). The highest adsorption capacity was attained at 30 mg/I1.
Under saturation conditions, CNTs/MEFB exhibits its maximum adsorption capacity [11].
This occurs because all available active sites on the CNTs/MEFB surface are completely
occupied by adsorbate molecules, resulting in the highest possible mass of adsorbate per

unit mass of adsorbent [12].
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Fig. 2. The effect of initial MB Concentration (mg/L) on MB uptake (q) (mg/g).
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3.1.3 Effect of solution pH

Figure 3 demonstrates a significant increase in adsorption capacity of MB as pH increases
from 2 to 8. The maximum adsorption capacity of 3.845 mg/g was achieved at an initial pH
of 8. This enhancement is attributed to the increased electrostatic attraction between the
cationic MB dye molecules and the negatively charged surface of the CNTs/MEFB
adsorbent at higher pH values. This favourable electrostatic interaction promotes greater
dye uptake [13].
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Fig. 3. The effect of solution pH on MB uptake (q) (mg/g).

3.1.4 Effect of methylene blue temperature

Figure 4 displays the effect of adsorption temperature on the percentage of MB removed.
The adsorption capacity for the dye increased with temperature from 25°C to a maximum
of 4.126 mg/g at 40°C, subsequently decreasing to 60°C. This temperature-dependent
behaviour suggests an initial enhancement in dye uptake likely due to increased molecular
kinetic energy. However, a decline in adsorption capacity beyond 40°C indicates that the
desorption process becomes more dominant at higher temperatures. This phenomenon
might be attributed to the reduced thickness of the boundary layer surrounding the
CNTs/MEFB, leading to decreased adsorbent accessibility [14].
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Fig. 4. The effect of temperature (°C) on MB uptake (q) (mg/g).
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3.2 Adsorption isotherm study

3.2.1 Langmuir adsorption isotherm

The Langmuir model, as shown in Figure 5, effectively describes the adsorption of
methylene blue onto CNTs/MEFB, with a high correlation coefficient (R* = 0.995). From
Table 1, the maximum monolayer adsorption capacity qm of CNTs/MEFB was determined
to be (64.52 mg g, indicating its ability to efficiently adsorb MB. This suggests that the
adsorption process is primarily governed by the affinity of the binding sites within the
CNTs for MB [8]. The equilibrium constant (Kyr) associated with the binding energy of the
sorption system was calculated as 0.096. This value suggests a homogeneous adsorbent
surface and monolayer adsorption, favouring the Langmuir model over the Freundlich

model [15].
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Fig. 5. Langmuir plot for adsorption of MB by CNTs/MEFB.

3.2.2 Freundlich adsorption isotherm

The Freundlich isotherm model, as depicted in Figure 6, also describes the adsorption of
MB onto CNTs/MEFB, albeit with a lower correlation coefficient (R? = 0.961) compared to
the Langmuir model. The Freundlich isotherm analysis yielded n and Ky values of 0.170
and 0.926 mg g!, respectively. The n value, less than unity, suggests a physisorption
process, indicating unfavourable adsorption conditions and a relatively weak interaction
between MB and CNTs/MEFB [15]. The corresponding values for the Freundlich
parameters are listed in Table 1. The Freundlich equation reflects a gradual increase in
adsorption with increasing concentration, as remaining adsorption sites exhibit lower

affinity for MB.
01
0
y=0.9258x - 0.7694
0.1 R2=0.9609
02 .
&.03 ®.
@ 3
S04
05 ..
-0.6
0.7 .
-0.8
0.2 0.4 0.6 08 10
Log Ce

Fig. 6. Freundlich plot for adsorption of MB by CNTs/MEFB.
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Table 1. Adsorption isotherm models with respective parameters for the adsorption of MB with
CNTs/MEFB composite.

Models Parameters Value
Langmuir qm (mg g™ 64.52
Kt (L/mg) 0.096
R? 0.995
Freundlich Kr (mg g 0.926
I/n 0.170
R? 0.961

4 Conclusion

Carbon nanotubes (CNTs) and modified empty fruit bunch (MEFB) demonstrate potential
as an effective adsorbent for removing methylene blue (MB) from aqueous solutions. MB
uptake increased with adsorbent dosage, with 0.25 g demonstrating superior performance to
0.1 g due to increased surface area availability. For initial MB concentration adsorption
capacity was attained at 30 mg/l. The optimal pH for MB adsorption onto CNTs/MEFB
was determined to be 8. This is likely due to electrostatic attraction between the negatively
charged adsorbent and the cationic MB dye. Maximum adsorption occurred at 40°C,
suggesting weak adsorption forces between the adsorbent and dye at higher temperatures.
Langmuir isotherm modelling best represented the equilibrium data compared to
Freundlich, as indicated by higher correlation coefficient (R?) value. One potential area for
future research is to explore the use of alternative adsorbents for dye removal. Investigating
the adsorption capabilities of different materials could potentially lead to even more
efficient and effective processes.
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