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In this study, durian shell-based activated carbon (DAC) was produced 
via chemical activation method by utilising durian shell and sulphuric 
acid (H2SO4) as the starting material and activating agent, respectively. 
The incorporation of H2SO4 in the DAC production process resulted an 
improvement in the surface properties and adsorption capacity of the 
produced DAC adsorbent. Field emission scanning electron microscopy 
analysis further showed that the produced DAC possessed a porous 
structure which was beneficial for dye adsorption application. Under 
operating conditions of 500°C and 3 hours carbonisation temperature 
and time, the Brunauer–Emmett–Teller (BET) surface area, total pore 
volume and BET average pore diameter were measured to be  
242.03 m2/g, 0.028 cm3/g and 2.28 nm, respectively. The adsorption 
performance of the produced DAC was then investigated using 
methylene blue (MB) as the model adsorbate. The optimum MB dye 
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removal and adsorption capacity were found to be 92.05% and  
0.767 mg/g, respectively, with 0.6 g of DAC dosage, 10 ppm of initial MB 
dye concentration and 15 min of contact time.  

1. Introduction 
Dyes are widely used in the dyeing, textiles, plastics, leather, cosmetics and food industries. The discharge of 
colouring contaminants in water causes environmental problems. Dyes are carcinogenic and hazardous to aquatic 
living organisms, and their stable aromatic molecular structure make this problem more extreme because large 
amounts of dyes are being discharged day by day [1]–[3]. Various methods have been introduced to degrade and 
remove these dyes, including chemical precipitation or oxidation, coagulation/flocculation, electrochemical 
processes, membrane separation, photocatalysis and adsorption [2], [4]–[12]. Among them, adsorption process is 
considered as a versatile and effective dye removal method due to its several advantages, such as low-cost, high 
efficiency, eco-friendliness and ease of operation [2], [13], [14]. In adsorption method, type of adsorbent plays a 
crucial role in adsorption performance as well as removal percentage. Several adsorbents that have been used for 
adsorption process include activated carbon (AC) [6], [14], metal oxide [15], biosorbents [16] and zeolites [17]. 
Among these adsorbents, AC becomes the most promising material thus widely used due to its convenient 
properties, such as large surface area and high adsorption capacity with microporous morphological structure 
[18]–[20]. 

Commercial AC is uneconomical and commonly fabricated from expensive precursors and non-renewable 
materials such as coal and lignite, thereby hindering its usage as an adsorbent [21]. With regard to the 
aforementioned limitation, the low-cost and renewable carbonaceous materials such as peat, crops, agricultural 
and organic waste [22] with an equivalent adsorption capacity as commercial AC has been widely developed [19]. 
Moreover, it is also a fact that a large number of agricultural wastes are being discarded every year, thereby 
causing waste management problems. This condition has led to the production of AC by utilising agricultural waste 
variety as a precursor, including green coconut shell and bamboo [4], pumpkin peels [19], palm kernel shell [23], 
banana stem [24], lapsi seed stone [25], papaya peel [26], Ficus carica bast [27] and durian shell (DS) [28]–[30]. 

About 209,343 metric tons of durian fruit were produced in Malaysia in 2017 and estimated to increase in the 
following years [31]. The durian fruit consists of 40% flesh and 60% DS waste. DS has no economic value thus 
usually burned without considering the surrounding environment. Its abundance and availability then can be used 
as a good raw material source for AC production since this material possesses high carbon and low ash content 
[28]. In addition, the AC conversion using agricultural waste would enhance the value of agricultural commodities 
and at the same time decrease the waste disposal cost and provide a potential alternative to economic AC. 
Basically, AC based on agricultural waste can be produced via two methods: physical and chemical activation [20], 
[23], [32].  

Physical activation involves the carbonisation of the precursors in an inert gas before activation process by 
using oxidising agents such as steam and carbon dioxide. Meanwhile, chemical activation is a single-step method 
that includes the simultaneous process of carbonisation and activation. In chemical activation, the impregnation 
process of the precursor can be performed with a chemical activator such as sulphuric acid (H2SO4) [13], [27], zinc 
chloride (ZnCl2) [32], potassium hydroxide (KOH) [14], [26] and phosphoric acid (H3PO4) [23], [24]. A comparison 
between the methods shows that chemical activation offers several advantages, including low energy usage, low 
operating temperature and high carbon yields [20]. Furthermore, pore structure development can be modified by 
changing parameters such as temperature during the carbonisation process, impregnation ratio and type of 
activating agent [32]. 

The dye removal performance of AC is strongly depended on its adsorption capacity (qe) and surface area. 
Three factors that determine the qe value are type of activator agent, pyrolysis temperature and activation time 
[21]. Among several activator agents, H2SO4 is a super oxidising agent that is widely used for the preparation of 
carbonaceous adsorbents [33]. Sahira et al. [25] successfully prepared AC from lapsi seed stone that was initially 
impregnated with H2SO4. Higher qe (156 mg/g) was achieved as compared with the utilisation of ferric chloride 
(108 mg/g) and magnesium chloride (135 mg/g) due to a well-developed mesoporosity of H2SO4 [25]. Recently, 
Jawad et al. [33] showed that watermelon peels can be successfully converted into AC by utilising H2SO4 and 
presented excellent performance in methylene blue (MB) removal from aqueous solution. They also reported that 
the dye removal percentage reached 99% with a maximum qe value of 200 mg/g [33]. 

AC with a different surface area can also be synthesised from the same precursor with different carbonisation 
time and temperature. Nicholas et al. [23] showed that a carbonisation temperature of 500°C produced the highest 
surface area. However, a lower surface area was observed when the carbonisation temperature was increased up 
to 700°C [23]. This result was in a good agreement with the data presented by Srinivasakannan et al. [34]. They 
found that the optimised carbonisation temperature was around 400–500°C depending on the impregnation ratio 
and carbonisation time. They also found that the optimum carbonisation process time was around 1–3 hours. 
However, lower AC product and higher surface area were achieved by increasing the carbonisation time [34].  
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A series of experiments have been successfully conducted to study the performance of durian-based AC. Ismail 
et al. [35] produced AC from durian seed by utilising H3PO4 as a chemical activator. They impregnated 10–20 g of 
durian seed that has a particle size of around 500–710 µm with H3PO4. The mixture was then subjected to low-
temperature treatment (150°C) in a muffle furnace under nitrogen gas flow for 2 hours before the final treatment 
of 600–900°C for 4 hours with different heating rates. The obtained Brunauer–Emmett–Teller (BET) surface area 
was 2123 m2/g with a total surface area of 2147 m2/g [35]. Meanwhile, Foo and Hameed [36] prepared AC from 
DS through physical activation assisted by NaOH. Carbonisation process was performed by loading 500 g of dried 
DS precursor into a vertical furnace at a temperature of 700°C under nitrogen gas flow. The BET surface area of 
DS-based AC (DAC) was 1475.46 m2/g with a total pore volume of 0.841 cm3/g. In addition, the qe value was 
around 410.85 mg/g [36].  

In 2015, Mahmood et al. [29] produced durian-based AC by carbonising 25 g of DS at temperature of 350°C 
for 1 hour. Then, the produced char was activated with KOH and H3PO4. The impregnation process was performed 
by stirring the sample for 5 hours at room temperature until a slurry solution was observed. Then, the sample was 
dried in an oven for 24 hours before the second carbonisation was performed at 500°C under the same condition 
as the previous carbonisation process. The results showed that the H3PO4-activated DS has a higher surface area 
(257.50 m2/g) compared with KOH-activated DS (13.10 m2/g) [29]. 

Most studies have reported the production of DS by utilising various activator agents with different 
carbonisation temperature and time [28], [29], [35], [37]. However, insufficient information was found on 
obtaining DAC by utilising H2SO4 as chemical activator. Therefore, this work is the first attempt to use H2SO4 as a 
chemical activator to produce high-quality AC from DS for MB dye removal in wastewater because the previous 
report focused more on using KOH and H3PO4 [29], [35], [37]. Therefore, in this study, DS as an agricultural waste 
is used as a precursor to produce AC by utilising H2SO4 as the activator agent via chemical activation. Furthermore, 
the produced DAC was used to investigate its performance in the adsorption process for MB removal. 

2. Chemicals and Materials 

2.1 Materials 
DS as a starting material was obtained from the market around Tanjong Malim, Perak, Malaysia. H2SO4 (95%–
97%, Merck) was utilised as an activating agent. Meanwhile, MB dye (Sigma-Aldrich) was used for the adsorption 
studies. 

2.2 Preparation of AC 
Prior to the process, fresh DS was washed with deionised water to remove other impurities or dusk. As an initial 
step, the fresh DS was cut into small pieces before it underwent the dehydration process. This process was 
performed to reduce the moisture content of DS since fresh DS has a high-water content. The DS dehydration 
process was carried out twice: (1) drying under the sun for 3 days then (2) drying in the oven for 24 hours at 80°C. 
The dried DS was then ground by using a blender. Next, 60 g of ground DS was treated with 30 mL of H2SO4 at 
room temperature for 24 hours. The sample was then annealed for 3 hours at 500°C to perform the carbonisation 
process. Next, the produced DAC was crushed into powder form by using a mortar.  

3. Characterisation Methods 

3.1 Activated Carbon Characterisation 
The morphology of DAC was characterised using field emission scanning electron microscopy (FESEM) (Hitachi 
SU8020). The specific surface area and total pore volume of DAC were determined by using a surface area and 
porosity analyser (Micromeretics ASAP 2020). The BET surface area was determined by calculating the amount 
of adsorbate gas corresponding to a monomolecular layer on the surface of the material. The total pore volume 
was then determined by using Barrett–Joyner–Halenda method. Meanwhile, micro-Raman spectroscopy 
(Renishaw InVia microRaman System) was used to study the structural properties of the produced DAC. The 
treated dye solution after the adsorption process was further characterised using UV-Vis spectroscopy (Cary 60 
UV-Vis, Agilent Technologies). 

3.2 Adsorption Performance 
MB adsorption was conducted to evaluate the performance of the produced DAC. The adsorption test was carried 
out at room temperature with different parameters. The MB solution volume (50 mL) and stirring speed were 
kept constant during the test. To determine the optimum initial dosage of adsorbent, 0.2, 0.6, 1.0, 1.4, 1.8 and 2.2 
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g of DAC were added to the MB solution at an initial concentration of 10 ppm. Then, the solution was stirred at a 
constant speed for 15 min.  

Next, to study the optimum initial MB concentration, the previous optimum initial dosage of adsorbent was 
added to different initial MB concentrations (2.5, 5, 7.5, 10 and 25 ppm). The solution was stirred for 15 min at a 
constant speed. Next, the obtained dosage of adsorbent and initial concentration was used to study the optimum 
contact time. The solution was then stirred for 5, 10, 15, 20, 25 and 30 min.   

The removal percentage and the adsorption capacities of DAC were determined using the following equations. 
 

𝑅𝑅(%) = �1 −
𝐶𝐶𝑓𝑓
𝐶𝐶𝑜𝑜

× 100%� (1) 

 

𝑞𝑞𝑒𝑒 = �𝐶𝐶𝑜𝑜 − 𝐶𝐶𝑓𝑓� ×
𝑉𝑉
𝑚𝑚

 (2) 

 
where R is the removal rate of MB; Co (mg/L) and Cf (mg/L) is the initial and final concentration of the MB 

solution, respectively; V (L) is the volume of the solution, and m (g) is the dosage of the adsorbent. 

4. Results and Discussion 

4.1 Morphological Properties 
FESEM images of the produced DAC are presented in Fig. 1. The surface morphology of DAC is smooth with no 
agglomeration of the granular structure, as shown in Fig. 1(a). Higher magnification shows that the produced DAC 
has a porous structure (Fig. 1(b)) and several visible holes (see insert picture in Fig. 1(c)) distributed on the entire 
DAC surface. The high porosity of DAC sample is believed to provide a larger surface area, as stated in several 
works [20], [38]. In addition, the DAC sample possessed pores surrounded by an interconnected irregular shape, 
as shown in Fig. 1(d). This condition might be due to the activation condition, including the use of H2SO4 as an 
activator agent, which influenced the porosity characteristics of DAC samples, such as the pore size distribution 
and shapes of the pores [33]. The obtained morphology is in a good agreement with Mahmood et al. [29] and 
Ukkakimapan et al. [5] where porous structure (sponge-like structure) with the cavities was well pronounced 
after the DAC was treated with chemical activator.  

The development of the pores can be related to the breakdown of some DS material due to thermal expansion 
during the activation process [33], [38]. During the chemical activation process, H2SO4 as a chemical activator 
deeply penetrated the carbon structure, which then developed tiny pores [33]. The activator agent was believed 
to be responsible for the porosity development of the starting material by widening the existing pores and creating 
new pores. In addition, full development of porosity was caused by the prolonged heat treatment (3 hours) during 
the activation process [39]. The developed pores are considered to provide an advantage in the adsorption 
process.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

  
(a) (b) 
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Fig. 1 FESEM images of; (a) Overall surface morphology; (b) Porous structure; (c) Visible hole; and (d) Pore shapes 
of the produced DAC 

4.2 Micro-Raman Spectroscopy 
The DAC graphitic existence was then confirmed by micro-Raman spectroscopy. Fig. 2 shows that the DAC sample 
possesses two peaks at 1402.2 and 1585.8 cm−1, which correspond to the D- and G-band of the typical spectrum 
observed for carbon materials, respectively. The D-band in the DAC sample indicates the disordered graphite 
structure that refers to the existence of graphitic characteristics. Meanwhile, G-band indicates the sp2 carbon 
network which confirmed the graphitic presence in the sample [23]. Furthermore, the ratio between D- and G-
band peak intensity (ID/IG) ratio of the fabricated DAC can be used to investigate the defect or graphitic order. On 
the basis of calculations, the ID/IG ratio presented by DAC sample was 0.91, indicated a higher graphitic content 
over the defect components [23], [40] and proved lower damage to the carbon structure of DAC during the 
activation process.  

 
Fig. 2 Micro-Raman spectra of the produced DAC 

4.3 Surface Area Analysis 
The BET surface area of H2SO4-treated DAC was found to be 242.03 m2/g with 0.028 cm3/g total pore volume. The 
total pore volume presented by DAC was related to the porosity development, which significantly affected the 
performance of AC during the adsorption  process [29]. Moreover, the BET average pore diameter value (Dp) for 
H2SO4-treated DAC was 2.28 nm, which confirmed the presence of mesopore as internal pores. The correlation 
between internal pores and BET value was also confirmed by other report. H3PO4-treated DAC which possessed 
both of mesopores and macropores showed slightly higher BET surface area of 257.50 m2/g compared to this 
study [29]. However, the BET surface area of this study was found to be much higher than that of KOH-treated 

  
(c) (d) 
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DAC (13.10 m2/g) which only resulted micropores as internal pores [29]. This confirmed the effective and 
comparative H2SO4 to be used as activating agent compared to KOH and H3PO4, respectively. The BET surface area 
of DAC can further be increased by dehydrating the DS using H2SO4 and subsequently activating it by NaOH as 
chemical reagent. Recently, Ukkakimapan et al. [5] reported the highest DAC’s BET surface area of 2578 m2/g with 
the formation of meso-macro pores. They reported that the dehydration route is one of the factors that 
contributed to the higher BET surface area. This result can be adopted for further improvement of this study. 
However, the mesopores as internal pores obtained in this study was believed to enhance the DAC adsorption 
process because it is suitable for application in liquid-phase processes [41].  

Apart from different activator agent, the lower BET surface area presented in this study as compared to other 
reports might be due to the different activation temperature and activation time. Based on the literature, as the 
activation temperature increased, the BET surface area also increased which might resulted the formation of new 
pores since the volatile matter was released [42]. This statement has been confirmed by Ismail et al. [35] and 
Ukkakimapan et al. [5] based on their results. The BET surface area comparison of Durian-based AC treated with 
different activator agent are presented in Table 1. 

Table 1 The BET surface area comparison of Durian-based AC treated with different activator agent 

Adsorbent Preparation 
method 

Activator 
agent 

Impregnant 
ratio of 

durian to 
activator 

agent 

Activation 
temperature 

(°C) 

Activation 
time  

BET 
surface 

area 
(m2/g) 

Total 
pore 

volume 
(cm3/g) 

Reference 

Durian 
shell 

Chemical 
activation H2SO4 2 500 3 h 242.03 0.028 This study 

Durian 
shell 

Physical 
activation CO2 - 550 15 min 917 0.447 [30] 

Durian 
shell 

Chemical 
activation 

H2SO4 

(Dehydrati
on agent) 
and NaOH 
(activator 

agent) 

0.4 720 1 h 2578 1.27 [5] 

Durian 
shell 

Chemical 
activation 

H3PO4 
0.5 500 1 h 

257.50 0.149 
[29] 

KOH 13.10 0.022 

Durian 
seed 

Chemical 
activation H3PO4 2 600 4 h 2123 0.904 [35] 

Durian 
shell 

Chemical 
activation KOH 0.5 ~500 1 h 992 0.411 [37] 

4.4 Dye Removal Performance 

4.4.1 Effect of DAC Dosage 
Determining the optimum DAC dosage for efficient MB removal is important to prevent excessive adsorbent usage. 
In this study, various DAC dosage in the range of 0.2 to 2.2 g were used with a constant MB concentration (10 
ppm) and contact time (15 min) and the results are shown in Fig. 3 (pink graph). The relative MB removal 
percentage for 0.2 and 0.6 g DAC dosage increased rapidly from 81.53 to 92.05%, respectively. This result was 
believed due to the larger surface area of DAC when the dosage was increased thus offer more available vacant 
active sites during the adsorption process [19], [33]. However, the MB removal percentage was almost constant 
when the DAC dosage was increased over 0.6 g adsorbent mass.  

As depicted in Fig. 3 (pink graph), the MB removal percentage of 1.0–2.2 g of DAC dosage was almost constant 
with the value of 92.47–92.63 % (Table 2). This result might be caused by the aggregate formation of adsorbent 
particles (DAC) during the adsorption process when the DAC dosage was increased. Higher DAC aggregation 
formation leads to the lower effective accessible adsorption area [27], [33]. This result was in a good agreement 
with the final concentration of treated water value, which decreased from 1.847 to 0.737 ppm (Table 2). These 
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results suggest that the optimum DAC dosage was 0.6 g by utilising 10 ppm of MB solution with 15 min contact 
time.  

Further measurement shows that the adsorption capacity (qe) of DAC rapidly decreased from 2.038 to 0.767 
mg/g when the DAC dosage was increased from 0.2 to 0.6 g, respectively (see blue graph in Fig. 3). By increasing 
the DAC dosage from 1.0 to 1.8 g, lower qe value of 0.462–0.258 mg/g was obtained (Table 2). Further utilisation 
of higher DAC dosage (2.2 g) then resulted slightly lower qe value of 0.210 mg/g. These results confirmed that a 
lower DAC dosage had a higher adsorption rate per unit as the consequence of higher available MB molecules to 
be adsorb onto the DAC surface [19].  

 

Fig. 3 MB removal percentage and its adsorption capacity by utilising different DAC dosage measured with 10 ppm 
MB dye and 15 min contact time 

Table 2 Adsorption performance of the produced DAC measured at different DAC dosages 

DAC dosage (g) Final concentration 
(ppm) 

MB removal 
percentage (%) 

Adsorption capacity; 
qe  (mg/g) 

0.2 1.847 81.53 2.038 

0.6 0.795 92.05 0.767 

1.0 0.753 92.47 0.462 

1.4 0.747 92.53 0.330 

1.8 0.725 92.75 0.258 

2.2 0.737 92.63 0.210 

4.4.2 Effect of Initial MB Dye Concentration 
On the basis of previous measurement, the adsorption efficiency was further investigated by utilising different 
initial MB dye concentrations of 2.5, 5, 7.5, 10 and 25 ppm (50 mL) with 0.6 g of DAC dosage and 15 min of contact 
time. Fig. 4 (see pink graph) shows that the MB removal percentage increased significantly from 63.25 to 92.05% 
(0.919 ppm to 0.795 ppm of treated water final concentration) by utilising 2.5–10 ppm initial MB dye, respectively. 
However, the dye removal percentage decreased to 86.67% when the initial MB dye concentration was increases 
to 25 ppm with a higher final concentration of treated water of 3.332 ppm compared to other initial MB dye 
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concentrations. This result was believed due to the limitation of available active sites on the adsorbent surface 
when the initial concentration was increased up to 25 ppm [20]. On the basis of the results, the optimum initial 
MB dye concentration was 10 ppm by utilising 0.6 g DAC dosage and 15 min contact time.  

Further measurement also showed that the qe significantly increased from 0.132 to 1.805 mg/g with the 
increment of initial MB dye concentration (see blue graph in Fig. 4). Increasing the initial MB dye concentration 
resulted in a higher driving force that moved MB towards the adsorption sites [14], [36]. At a high initial MB dye 
concentration, more MB molecules are available to interact with DAC [6] thus resulted higher qe value. The 
adsorption performance of the produced DAC measured at different initial MB dye concentrations are summarised 
in Table 3.  

 
Fig. 4 MB removal percentage and its adsorption capacity by utilising different initial MB concentration with 0.6 g 

DAC dosage and 15 min contact time 

Table 3 Adsorption performance of the produced DAC measured at different initial MB dye concentrations 

Initial 
concentration 

(ppm) 

Final concentration 
(ppm) 

MB removal 
percentage (%) 

Adsorption capacity, 
qe (mg/g) 

2.5 0.919 63.25 0.132 

5 0.843 83.14 0.346 

7.5 0.966 87.12 0.544 

10 0.795 92.05 0.767 

25 3.332 86.67 1.805 

4.4.3 Effect of Contact Time 
Contact time plays a crucial role in the adsorption process [43], [44]. Dye removal and the corresponding contact 
time were further studied by using a fixed amount of adsorbent dosage and initial MB concentration of 0.6 g and 
10 ppm (50 mL of volume), respectively. Fig. 5 represents the MB removal percentage and its qe value with respect 
to contact time. The summary of final concentration, MB removal percentage and DAC adsorption capacity are 
shown in Table 4. The MB removal percentage was observed to be slightly increased from 91.25 to 91.89% during 
the initial stage of 5–10 min and gradually increased to 92.05% (15 min) with final concentrations of 0.875, 0.811 
and 0.795 ppm, respectively. This finding shows that a higher amount of adsorbed MB was observed by 
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performing longer contact time. The MB molecules have the tendency to diffuse into the porous structure of DAC 
and utilise the active site when longer contact time was performed [45]. However, a slower adsorption process 
was observed after 20 to 30 min of contact time, which resulted lower MB removal percentage of 91.79 and 
88.58% (0.821 and 1.141 ppm of final concentration), respectively. This result might be caused by the lack of 
available active sites for dye adsorption when contact time was prolonged [36].  

The calculated qe value also showed a similar trend with MB removal percentage. The increment of qe value 
from 0.760 to 0.766 mg/g was observed during the initial stage of adsorption process (5–10 min). By further 
increasing contact time of 15 min, optimum MB adsorption was obtained with an optimum qe value of 0.767 mg/g 
(blue graph). This result was caused by faster adsorption process as the consequence of numerous and available 
vacant active sites by DAC during the starting point [6]. However, the qe value of DAC decreased from 0.764 to 
0.738 mg/g when contact time was increased from 20 to 30 min due to the lack of available active sites required 
for further uptake of MB molecules [46]. Based on these results, the optimum contact time for adsorption process 
of MB molecules onto the DAC surface was 15 min.  

 
Fig. 5 MB removal percentage and its adsorption capacity by utilising different contact time with 0.6 g DAC dosage 

and 10 ppm of initial MB dye concentration 

Table 4 Adsorption performance of the produced DAC measured at different contact times 

Contact time 
(min) 

Final concentration 
(ppm) 

MB removal 
percentage (%) 

Adsorption capacity, 
qe (mg/g) 

5 0.875 91.25 0.760 

10 0.811 91.89 0.766 

15 0.795 92.05 0.767 

20 0.821 91.79 0.764 

25 0.869 91.31 0.760 

30 1.141 88.58 0.738 

4.5 Mechanism of Adsorption 
The pore size of DAC in this study is 2.28 nm in diameter (Table 1), while the depth, width and thickness of MB 
are 0.61, 1.43 and 0.4 nm, respectively [47]. Therefore, it is assumed that the MB dye was easily accessible within 
the DAC porous structure. The adsorption mechanism of DAC was assumed to involve the external and internal 
diffusion through four possibilities as shown in Fig. 6(a) [6], [48]. First, the adsorption process of MB dye 
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molecules from the bulk liquid phase into the solid phase (DAC) began when the MB molecules is brought in 
contact with DAC surface. Second, MB molecules migrated from the bulk solution to the external boundary layer 
of DAC surface [49]. Third, the MB molecules were transported from the DAC surface into the active site on the 
interior surfaces of the pores. Fourth, the MB molecule approached the DAC internal pores by intra-particle 
diffusion.  

Concurrently, it is also believed that the MB molecules adsorption onto the DAC occurred due to the chemical 
link between the MB+ ion (molecule being adsorbed) and the DAC (adsorbent) [49]. By definition, MB is cationic 
dyes with cationic properties originating from positively charged nitrogen (N) or sulphur (S) atoms [50]. 
Therefore, it was believed that the following mechanisms occurred; the electrostatic interaction (mechanism I), 
formation of hydrogen bonding (mechanism II), electron donor-acceptor (mechanism III) and 𝜋𝜋- 𝜋𝜋  dispersion 
interaction (mechanism IV) as shown by Fig. 6(b). As being stated by Vargas et al. [51], the presence of surface 
functional groups plays a crucial role for qe and MB dye removal mechanism. Therefore, mechanism (I) can be 
explained based on the electrostatic interaction between cationic N presented in MB and negatively charged site 
of carboxylate ion (-COO-) on the DAC surface as shown in Fig. 6(b)(I).  

Meanwhile, mechanism (II) proposed the hydrogen bonding which commonly occurs in most adsorption 
system. The presence of hydroxyl group on DAC surface had been confirmed through Fourier transform infrared 
by previous study conducted by Foo and Hameed [36]. The hydrogen bonding interaction can be formed between 
the surface hydrogens of the hydroxyl group on the DAC surface and N atom of MB (Fig. 6(b)(II)). The hydrogen 
bond existence between the –OH group of DAC and the –N groups of MB consequently support the MB removal 
process.  

Mechanism (III) involved the electron donor-acceptor between the surface functional group (carbonyl 
oxygen) as an electron donor and the MB aromatic structure (electron acceptor) (Fig. 6(b)(III)). These interaction 
resulted in reducing the blue colour of MB into colourless leucomethylene [52]. In addition, the presence of higher 
surface area (as supported by BET surface area) and more active sites of DAC compared to other produced AC 
including KOH-treated DAC (13.10 m2/g) and pumpkin peels-based AC (3.6 m2/g) [19], [29] augmented the MB 
sorption through electron donor-acceptor interaction between DAC aromatic skeleton and MB cations. As a 
results, H2SO4-treated DAC presented better MB removal than the mentioned produced AC. From the reported 
literature, DAC possessed aromatic structure of graphene layers [49], [51], [53]. Since the MB also owns aromatic 
structure, therefore mechanism (IV) might be happened through 𝜋𝜋- 𝜋𝜋 dispersion interaction between aromatic 
structure of MB and DAC (Fig. 6(b)(IV)). This leads to a speculation that DAC predominantly functionalised by 
other active sites for dyes, which may be 𝜋𝜋 conjugated structure. 
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(b) 

Fig. 6 Schematic diagram of the (a) Mechanism of MB molecules adsorption by external and internal diffusion; and 
(b) Mechanism of interaction between DAC and AC system 

5. Conclusion 
AC prepared from DS was successfully produced via chemical activation method utilising H2SO4 as the activating 
agent. On the basis of characterisation, the utilisation of H2SO4 as an activating agent resulted in DAC with a porous 
structure and a high BET surface area value (242.03 m2/g) and total pore volume (0.028 cm3/g). The produced 
DAC also presented maximum dye removal percentage and qe of 92.05% and 0.767 mg/g, respectively. The 
optimum DAC dosage was 0.6 g with an optimum contact time of 15 min and 10 ppm of initial MB dye 
concentration. 
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