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Abstract

The production of activated carbon from agricultural waste is one of the most environmental-friendly
solutions by converting agricultural waste into valuable material. In this study, Areca catechu husk is
converted into activated carbon to remove methylene blue (MB) dye in aqueous solution. This Areca
Catechu husk was impregnated with phosphoric acid (H;PO,) in an ultrasonic bath for 30 minutes to
activate a pore surface before undergo carbonization at temperature of 700 °C for 2 hours. The
physicochemical properties of the Areca catechu husk activated carbon was characterized by ash
content, moisture content, bulk density, and iodine number. The result thus far shows that this activated
carbon has low bulk density, low ash content and high iodine number that is very suitable for adsorption
applications. The batch adsorption studies of MB dye were affected by adsorbent dosage, contact time,
and initial concentration. The optimum parameters for the methylene blue adsorption were at adsorbent
dosage of 0.06 g, initial concentration of 200 mg/L, and contact time of 180 minutes. According to the
results of pHy,. and batch adsorption study, this Areca catechu husk activated carbon is suitable to
remove cation dyes such as MB in neutral and alkaline solution. Therefore, activated carbon of Areca
catechu husk can be produced inexpensively as the demand from commercial activated carbon market
for adsorption of dye in water.
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Introduction
In the textile industry, dyes are highly useful substances that provide color and value to textiles, yarns,
polymers, and other substrates. The most commonly used dyes in the textile industry are basic, reactive,
and acid dyes. Basic dyes like methylene blue (MB) have chromophores with positive ions and amino
groups that give off a strong color. Most of the time, the MB is used to color cotton and silk
(Khodaie et al., 2013; Olusakin et al., 2022). Due to its high resistance to light, heat, and reducing
agents, MB is hard to break down or get rid of from aqueous solution. Various method has been
investigated to remove this MB dye from water such as, adsorption process (Bansal and Goyal, 2005),
chemical coagulation/flocculation (Wang et al., 2007), biological degradation (Crini at al., 2007),
reverse osmosis (Avlonitis et al., 2008), ozonation (Wu et al., 2008), membrane-filtration (Saleh and
Gupta, 2012), ion exchange (Gupta et al., 2012), photo-catalytic (Saravanan et al., 2013), oxidation
process (Saravanan et al., 2014), and electro-chemical process (Ali, 2018). However, each removal
technique has drawbacks. Amongst all treatments, adsorption seems to be the excellent removal
technique due to its simple design, sludge-free operation, and high efficiency in dye removal (Baidya
& Kumar, 2021). A most promising material used in the adsorption technique is an activated carbon.
Activated carbon is widely utilized in industry as an adsorbent for liquid and gas purification and
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separation, as well as a catalyst and catalytic support that apply to the elimination of colors, aromas,
tastes, and pollutants in water purification and other detoxification procedures (Joshi et al., 2021).
Commercial activated carbon is typically derived from natural minerals, such as wood or coal, and is
considered costly (Yahya at al., 2015). The primary obstacle encountered in the realm of commercial
manufacturing lies in attempting to generate activated carbon at a cost-effective rate (Husien et al.,
2022). In the present scenario, it is evident that biomass utilization for producing activated carbon
emerges as the most appropriate alternative. Preparations of activated carbon from biomass have many
advantages. The precursors are diverse, low-cost, abundant, and renewable (Hamad & Idrus, 2022).
Activated carbon from biomass precursors shows excellent surface properties with a high degree of
porosity and a high specific surface area. Further, the utilization of waste biomass to produce activated
carbon contributes to decreasing costs of waste disposal and the negative impact on the environment
(Gayathiri et al., 2022).

One of the most abundance crop in Malaysia is Pinang Merah, the scientific name is Areca catechu.
This plant is commonly known as areca palm or areca nut palm (betel palm), found in parts of east
Africa, Asia, and much of tropical Pacific. It is grown commercially for its seed crop which is the areca
nut and can be found in India, Bangladesh, Taiwan and other Asian countries. Traditionally, Areca nut
is a main ingredient for chewing (eat together with petal leaf), which is believed to be native to Sri
Lanka, West Malaysia and Melanesia (IARC, 1985). The husk is the outer part of areca fruit enclosed
by a fibre in the middle layer of husk and it can be obtained via dehusking or by manual stripping. Areca
nut husk fibre contains 53.2 % cellulose, 32.9% hemicellulose and 7.2% lignin (Hassan et al., 2010).
Cellulose could be used as an adsorbent due to its good mechanical properties, non-toxic and easy
disposability after use (Suhas et al., 2016). The husk is nearly 15 — 30% of the raw areca nut and often
regarded as worthless and either burnt inefficient or wasted. Although the husk of areca nuts can be
employed as an adsorbent, this kind of agricultural waste has a very poor adsorption capability.
(Baidya & Kumar, 2021). Therefore, their adsorption capability must be increased by activation, which
can be achieved chemically or physically and assisted with ultrasonication or microwave irradiation.

Ultrasonic extraction is a method for preparing carbonaceous compounds from biomass, producing
high-purity microporous, mesoporous, and multistage porous carbonaceous products with a large
specific surface area (Sajjadi et al., 2019; Chen et al., 2020). Applying ultrasound in carbonization and
activation improves problems of low specific surface area and single pore structure. Undoubtedly,
materials featuring a multi-phase pore structure and a modifiable micropore/mesopore ratio can be
effectively processed through this ultrasonic treatment (Wang et al., 2022). Interestingly, ultrasonic-
assisted chemical activation utilize lower temperature process, which can be done at room temperature
with 20 — 40 kHz ultrasonic frequency instead of physical activation (temperatures ranges between 800
and 1000 °C in the presence of oxidizing gases or its mixture of gases such as CO,, air, and steam)
(Swiatkowski, 2008). In addition, the ultrasonic-assisted chemical activation also leads to a high yield
of activated carbon production (Bora et al., 2021).

Therefore, this study aims to converted a waste biomass of Areca catechu husk into activated carbon
by ultrasonic assisted chemical activation using phosphoric acid as activating agent. The prepared
activated carbon was characterized by its physicochemical properties such as a bulk density, ash content,
iodine test, point-of-zero-charge (pH,..) analysis and Fourier Transform Infrared (FTIR). The
adsorption performance of the activated carbon was done by determine the MB colour removal on the
effect of adsorbent dosage, initial dye concentration, and contact time, respectively.

Methods
Preparation of Activated Carbon
The Areca catechu samples were gathered from a plantation area in Universiti Teknologi MARA
(UiTM) Perlis branch. After dehusking, the husk was ground into smaller pieces, about 12 to 15 mm,
and then repeatedly rinsed with distilled water to get rid of all the pollutants, dirt, and dust. Then, the
husk was dried in the oven for 24 hours at 100 °C to remove the moisture content. After cooling, the
dried husk was ground again and sieved through a 425 um screen. The sample was impregnated with
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80% H;3POy (ratio 1:1) in ultrasonic bath for 30 minutes. Then, it was placed in a lid-covered crucible
and carbonized at 700 °C for 2 hours in a furnace. The sample was taken and washed with hot distilled
water (4 times) to remove any excess acid to neutralize the sample, and then kept in oven at 110°C for
12 hours. After cooling, Areca catechu husk activated carbon (labelled as ACHAC) was kept in an air-
tight bottle and placed in a desiccator for further use.

Characterization of The Activated Carbon

The ACHAC was characterized in terms of the physicochemical properties such as bulk density, ash
content, iodine number, and point-of-zero-charge (pH,,.) analysis. The functional groups analysis was
done by Fourier transform infrared (FTIR) spectroscopy.

Bulk density

The bulk density of the prepared activated carbon was obtained according to the ASTM D2854 by
measuring the volume of distilled water displaced by a known mass of the experimentally produced
activated carbon sample using a measuring cylinder. For this experiment, 0.5 g of ACHAC was filled
in 1 mL volume of 10 mL cylinder. The bulk density then calculated as follow:

Bulk density = % (1

Where W, (g) is the weight of dried activated carbon and V. (mL) is cylinder volume packed with dried
activated carbon.

Ash content

In this experiment, the ash content was determined based on the standard ASTM D2866 method using
a muffle furnace. The sample was heated in the muffle furnace at 650 °C for 3 hours. Then, the crucible
was cooled to ambient temperature and weighed. The percentage of ash was calculated as follow:

Ash (%) = “¥s3=%s2 % 100 (2)
Ws1

Where Wg; (g) is the weight of crucible containing ash, W, (g) is the weight of crucible, and Wy, (g) is
the weight of original activated carbon use.

Iodine test

The iodine number indicates the micro-porosity of activated carbon and defined as the milligram of
iodine absorbed per g of carbon. Following the standard method iodine number ASTM D4607-94, HCI
solution (5 wt%: 5 mL) was added to dried activated carbon (1 g) and allowed to boil. After cooling the
solution, iodine solution (10 mL: 0.1N) was added and shaken vigorously for 30 seconds, filtered, and
washed with distilled water. The whole filtrate was titrated against 0.1 N sodium thiosulphate using
starch as an indicator. The iodine number is determined using equation (3).

Weight of iodine adsorbed on carbon (mg)
Weight of carbon (g)

lodine number =

©)

pH at point zero of charge (pH.c)

The pH,,. was determined according to the method described in our recent study (Abdullah & Othman,
2023). The experiment was conducted in a 250 mL conical flask which was filled with 50 mL of
0.01 M NaCl for different initial pH. The initial pH of the NaCl solution ranges from pH 2 to 11 and
was adjusted by using 0.1 HCl and 0.1 M NaOH. Then, 0.1 g of ACHAC was added to each conical
flask with a different initial pH (pH2 — pH10). The flask was sealed and shaken for 24 hours at 150 rpm
using an orbital shaker. After that, the final pH of each sample was taken. The value of pH,,. for ACHAC
was determined by plotting the graph between the initial pH (pH;) and final pH (pH¢) against the pH
value.
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Fourier Transform Infra-Red Spectroscopy (FTIR) analysis

FTIR analysis was used to determine the existence of functional group of ACHAC before and after
adsorption of MB dye solution. For the preparation of the pellet, 0.1 g KBr was mixed with 0.002 g of
ACHAC before and after the adsorption of MB dye solution, respectively. After that, the mixture
hydraulically was pressed at 850 psi to obtain a thin transparent disk. Then, the thin disk was placed in
an oven at 100 °C for 24 hours to prevent interference with existing water vapor. The pellet was placed
in a PerkinElmer Frontier FTIR Spectroscopy and scanned 32 times for 2 minutes with a data spacing
of 1.929 cm™ and a resolution of 4 cm™'. The shifted peaks of ACHAC before and after adsorption was
compared within the scanning ranges of 4000 to 400 cm™.

Adsorption Batch Experiment

MB dye stock solution 1000 mg/L was prepared by dissolving 1.0 gram of MB in 1 L of distilled water.
MB solution for batch adsorption experiments was prepared by diluted the stock solution into desired
concentrations. Three parameters that affect the adsorption process were investigated (i.e. the adsorbent
dosage (0.02 — 0.1 g/L), the contact time (60 — 240 min), and the initial concentration of the MB dye
(25 —300 mg/L). The pH and the temperature were fixed at 7 and 30 °C throughout the experiment. The
respective sample was mixed in a 250-mL conical flask and placed on the hot plate with a stirrer and
agitated at 90 rpm. The solution was filtered and analyzed using a UV-visible spectrophotometer
(Shimadzu UV-1001) at a wavelength of 662 nm to determine the final concentration. The percentage
of MB colour removal for all the batch adsorption experiments was calculated using equation (4). After
the adsorption, all the residual ACHAC were collected and washed with distilled water under constant
stirring three times, and then dried at 100 °C for 24 hours. This dry adsorbed ACHAC was applied in
the FTIR-analysis.

Initial concentration — Final concentration
Colour removal (%) = ( — - ) x 100 ©)
Initial concentration

Result and Discussion
Characterization of The Activated Carbon
Bulk density
The determination of bulk density is a valuable indicator to determine the ability to float characteristics
of the adsorbent material. It was observed that when the activated carbon is introduced into the water, a
foul odour is detected, which indicates that the activated carbon has the potential to yield favourable
adsorption outcomes and establish improved interaction with the adsorbates. The observation of a
higher value in bulk density suggests that the activated carbon exhibits lower porosity and compaction
(Durrani et al., 2022). According to the data presented in the Table 1, it is evident that ACHAC exhibits
arelatively low bulk density, measuring at 0.23 g/ml indicating that the activated carbon exhibits notable
characteristics of high carbon porosity and compaction. The value of bulk density can also be attributed
to random arrangement of micro-crystallites and with strong cross-linking which produce porous
structure (Christian et al., 2017).

Table 1. Physicochemical properties of ACHAC

Properties Value
Bulk density, g/mL 0.23
Ash content, % 2.43
Iodine value, mg/g 1226.06
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Table 2. Comparison of phosphoric acid activated carbon obtained from this work and other reports

Description This work Patnukao & Nedjai etal.  Joshi et al. Daniel et al.
Pavasant (2021) (2021) (2023)
(2008)
Raw material Areca Eucalyptus Baobab fruit  Areca A. erioloba
catechu husk  bark shell catechu nut seed pods
Activation Ultrasonic, Stirred, 1 hr,  Stirred, 1 hr, Room temp.
30 min, room  Stirred, 3 min, 50 °C room temp. overnight
temp. room temp.
Carbonization 700 °C, 2 hr 500°C, 1hr 400°C,2hr 500°C, 1 hr
Bulk density, 0.23 500 °C, 1 hr 0.3 - -
g/mL 0.25
Ash content, %  2.43 4.88 17.7 - 24.01
Iodine value, 1226.06 1043 1248.35 888 662

mg/g

Ash content

The analysis of ash content is a widely used to determine the residual mineral content
after removing water and organic matter through a heating process. Ash refers to non-carbonaceous or
mineral substances that do not undergo chemical bonding with carbonaceous surfaces. The composition
of activated carbon includes a variety of undesirable mineral substances, which are significant as they
must not be destroyed during the heating process. A high ash content is unwanted for activated carbon
because it decreases the mechanical strength of the activated carbon and consequently impacts its
adsorption capacity (Abdullah et al., 2001; Maulina & Iriansyah, 2018). According to the data presented
in Table 1 and comparison study in Table 2, it can be observed that ACHAC exhibits a relatively low
content (2.43%). This finding suggested that ACHAC shows a significant mechanical strength,
contributing to its excellent adsorption capacity (Patnukao & Pavasant, 2008). Moreover, the ash
content of ACHAC was within the commercially acceptable value (< 5%) (Liew et al, 2018). These
properties are important since higher ash content (> 5 wt%) could have catalytic effect that can lead to
undesired reaction (e.g. catalytic cracking reactions between metal oxides in the ash with the other
compounds in the activated carbon) occurred during the high temperature (Dizbay-Onat et al., 2017).

Iodine number

Iodine number, also called iodine adsorption, is thought to be one of the best ways to figure out how
well activated carbon can absorb things and how good it is. It is often used because it is easy and quick
to do. The higher the iodine number, the more likely it is that activated carbon has a very big micropore
structure and a lot of surface area for adsorption (Ekpete et al., 2017; Du et al., 2021). The iodine value
was employed to estimate the microporosity and mesoporosity of the prepared activated carbon. The
iodine number of ACHAC is presented in Table 1 illustrates the value is 1226.06 mg/g. A comparison
of iodine value in Table 2 illustrates a comparable iodine number with study by Nedjai et al (2021) but
higher than the others. Increasing the carbonization temperature also affect the porosity of the activated
carbon, at which as carbonization temperature increases, the porosity also increases due to the release
of tars from the cross-linked framework generated by phosphoric acid treatment (Joshi et al., 2021). In
addition, a high value of iodine number obtained by ACHAC might be due to the assistance of ultrasonic
during activation, in which a multi-phase pore structure and a modifiable micropore/mesopore ratio can
be effectively processed through ultrasonic treatment (Wang et al., 2022). Hence, the higher value of
iodine number in this study recommended that the ultrasonic-assisted H3PO, activation has highly
affected the microporosity and mesoporosity of the ACHAC, thus possibly enhancing the adsorption
capacity of MB dye.

Point of zero charge (pHp..) analysis
The study of pH,.. was significant as it aimed to determine the surface charge characteristics of the
adsorbent material. A comparative analysis was conducted by plotting a graph illustrating the disparity
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between the initial and final pH values, with the initial pH serving as the independent variable
(Kosmulski, 2020). When the pH of a solution is lower than the pH at pH,.., it results in the adsorbent's
surface acquiring a positive charge. The decrease in adsorption capacity can be attributed to the elevated
concentration of H' ions present on the surface of the adsorbent (Bardhan et al., 2020). This increased
concentration leads to a competitive interaction with the cationic MB dye for available binding sites.
When the pH of a dye solution exceeds the pH,.., it results in the surface of the adsorbent material
acquiring a negative charge (Daniel et al., 2023). The enhanced adsorption capacity can be attributed to
the presence of a negatively charged adsorbent, which exhibits a strong affinity towards cationic dyes.

The pH,. value of ACHAC was obtained at 4.9 (indicated by red-cross in Figure 1). This value indicates
that ACHAC surface may gain a positive charge when pH is less than pH,,.. Therefore, it does not favor
the adsorption of cationic MB dye. Conversely, when the pH of the dye solution increases (pH > pHpzc),
the ACHAC surface becomes negatively charged indicating that cationic MB dye can be adsorbed onto
ACHAC. Hence, electrostatic forces are generated from the attraction between the reactive groups
(negatively charged) of ACHAC and MB dye (positively charged) (Jawad et al., 2022).

0.5
-05 9

-1.5

pH difference

-2.5

-35
Initial pH
Figure 1. Determination of Point of Zero Charge (pH,.c)

FTIR analysis

Figure 2 demonstrates the FTIR spectrum of the ACHAC before adsorption (a) and after adsorption (b)
of MB dye. The broad peak depicted at 3444.36 cm™ before MB adsorption and at 3400.50 cm™ after
MB adsorption reflects to O-H stretching vibration of hydroxyl groups indicating the presence of active
functional groups on activated carbon surface (Haghbin & Shahrak, 2021). The band in range 3200-
3650 cm have also attributed to the hydrogen-bonded O-H group of alcohol and phenol (Reddy et al.,
2012). The peaks located at 2925.4 cm™ and 2924 cm™ are corresponds to the C-H stretching vibration
(Wibawa et al., 2020). The band at 1647 cm™! before the adsorption of MB and the band at 1567.9 cm’!
after the adsorption of MB were assigned to C=C stretching in a cyclic alkene. The band at 1396.4 cm
! before adsorption and 1375.4 cm™ after adsorption of MB, respectively may correspond to O-H
stretching bending in the alcohol group (Joshi et al., 2021).

The peak appeared between 1000-1250 cm™, yielding the fingerprint of this ACHAC. The absorption
band at 1073.3 cm™ before adsorption and 1072 cm™ after adsorption have been described as either Si-
O or C-O stretching in alcohol, ether, or hydroxyl group (Hussain et al., 2023). Lastly, the absorption
peak at around 500 cm ' shows the stretch function of PO confirming H;PO4 impregnation on the
surface of the adsorbent (Kassahun et al., 2022; Dimbo et al., 2024). The MB dye adsorbed on the
ACHAC surface was confirmed by the shifting of a tiny peak around 1100 cm™ and the emergence of
bands around 800 cm™ which pertain to N-H out of plane bending vibration and stretching vibration of
-CHo, respectively (Shang et al., 2015; Jawad et al., 2022). The appearance, diminishing and shifting of
various surface groups portrays by FTIR analysis showed that the MB has been successfully adsorbed
on the ACHACH.
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Figure 2. FTIR analysis of ACHAC (a) before and (b) after adsorption of MB dye

Adsorption Batch Study

Adsorption studies experiment was conducted to examine adsorption behaviour of ACHAC on removal
capacity of MB dye at different adsorption conditions (i.e. adsorbent dosage, initial concentration of
MB and adsorbent contact time).

Effect of adsorbent dosage

Figure 3 shows the percentage of colour removal by various of ACHAC dosage. The figure illustrates
that when the dosage of adsorbent is increased from 0.02 g to 0.06 g, the percentage of colour removal
increases from 57.9% to 92.6%. This may be because the adsorbent's surface area has increased,
increasing the number of binding sites that are accessible for the adsorption process (Badessa et al.,
2020). The increase in adsorbent dosage will increase availability of active adsorption sites, thus
increasing in effective surface area for adsorption (Gupta et al., 2022). Apparently, the percentage of
colour removal decreased insignificantly after reached maximum dosage at 0.06 g due to the saturation
of the binding sites (Baloo et al., 2021). Furthermore, increasing the adsorbent dose while maintaining
a constant MB concentration will increase the surface area of the adsorbent as well as the accessibility
and availability of adsorption sites for dye molecules, leading to instauration in the adsorbent sites (Ali
et al., 2022).
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Figure 3. Effect of adsorbent dosage
(Condition: Concentration 100 mg/L, pH 7, temp. 30 °C and contact time 120 min.)

Effect of contact time

Effect of contact time can influence the economic efficiency of the process and the adsorption of kinetics.
The extent to which carbon can absorb dye is primarily influenced by the availability of binding sites,

with many of these sites being present initially. Consequently, the dye exhibits a high affinity for these

readily accessible sites. Over time, there has been a noticeable decline in the availability of vacant
spaces. This leads to a saturation point where the carbon surface reaches its maximum capacity and
stopped to absorb any additional dye molecules (Basrur & Ishwara, 2019). Figure 4 display that the MB

colour removal increases from 65.8% to 88.4% when the contact time increase from 60 min to 180 min,

which might be due to more vacant spaces available on ACHAC for MB adsorption. The result shows
that the adsorption process is quick in the beginning and found to decrease with increase in contact time.

In the beginning, sharp increase in the rate of adsorption is due to larger surface area and availability of
vacant sites on the adsorbent. After reaching equilibrium time, repulsive force between the adsorbate

and the adsorbent lead to the decrement of adsorption capacity (Basrur & Ishwara, 2019). The similar

findings were also reported by numerous studies of adsorption of MB on a variety of adsorbents

(Nasrullah et al., 2018; Alamin et al., 2021; Durrani et al., 2022).
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Figure 4. Effect of contact time
(Condition: 0.06 g dosage, Concentration 100 mg/L, pH 7, & temp. 30 °C)
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Effect of MB concentration

The amount of concentration of MB plays important role in adsorption capacity of activated carbon.
The effect of methylene blue concentration was determined at different concentrations of methylene
blue solutions. Figure 5 shows that, the colour removal was increase from 72.4% until 98.4%. The
maximum percentage of MB removal was obtained at MB concentration of 200 mg/L. The adsorption
capacity increase but remain constant after achieved equilibrium. Thus, as the initial dye concentration
increases, the collision rate between MB dye and GL-HAC surface also increases resulting in more MB
cations being transferred to the GL-HAC surface. This happened when the concentration of dye solution
increased, the collision rates of dyes ions and adsorbent increase (Ramli et al., 2022). This effect
develops a strong driving force for dye molecules to overcome the mass transfer resistance between
aqueous and solid phases (Jawad et al., 2016). Generally, as the amount of initial concentration of MB
dye increases, the adsorption capacity decreases. At high concentrations of MB limits, the vacancy of
bidding sites decrease thus reduces the amount of methylene blue removal (Ahmed et al., 2019).

120

100
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25 50 100 200 300
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Colour removal (%)
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(5]
o

Figure 5. Effect of initial MB dye concentration
(Condition: 0.06 g dosage, pH 7, temp. 30 °C, & 180 minutes contact time)

Conclusion

ACHAC was successfully prepared by ultrasonic-assisted H;PO4 activation with fast preparation. The
physicochemical properties of prepared ACHAC showed that ACHAC has low bulk analysis, low ash
content and higher iodine number. Batch adsorption experiments of ACHAC with MB dye aqueous
solution were done and the optimum adsorption condition of different parameters like adsorbent dose,
initial concentration and contact time as 0.06 g/L, 200 mg/L and 180 min. The appearance, diminishing
and shifting of various surface groups portrays by FTIR analysis showed that the MB has been
successfully adsorbed on the ACHAC. The results of this study suggested that ACHAC might be a
potential adsorbent for the effective removal of synthetic cationic dyes from water.
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