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Introduction 
The textile industry frequently sources dye 
pollutants in streams. Coloured water that comes 
from the dying process of plant fibres (cotton) 
and animal fibres (cotton and silk) is usually 
released into the environment without proper 
treatment (Rahimian & Zarinabadi, 2020). 
Besides textile industries wastewater, other 
industries such as cosmetics, printing, food, 
and stationaries are also heavily concentrated 
with significantly high amount of dyes that 
contributes to the pollution of the environment 
(Patil et al., 2020; Somsesta et al., 2020). This 
dye-bearing wastewater is not degradable due 
to complex aromatic molecular structures and 
synthetic organic materials, which contribute to 
its stability and carcinogenic (Guo et al., 2018). 

Around 10,000 different type of commercial 
dyes are produced and it is estimated that 
700,000 tonnes of Methylene Blue (MB) 

effluent have been released yearly into the 
aqueous environment (Reza et al., 2020). MB 
in the water body utilises dissolved oxygen 
in the water, which causes a high BOD level 
and disrupts the aquatic ecosystem (Islam, 
2020). Thus, it is imperative to remediate MB-
containing wastewater before disposing of it in 
the environment. Typically, wastewater from 
a larger textile mill is treated before being 
released into the aqueous environment. Due 
to the resilience of dyes to light, heat, and 
various chemicals, even trace amounts may 
inadvertently enter the environment and persist 
over time (Mookiah et al., 2020).

Various methods have been reported 
for eliminating MB from industrial effluent 
including coagulation, flotation, hyperfiltration, 
adsorption, and oxidation (Marrakchi et al., 
2017; Fazal et al., 2021). Adsorption employing 
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SEAC exhibits a large pore opening (11.17 µm) compared with SEB (0.21 µm). The total 
surface area was also increased from 8.04 m2/g (SEB) to 78.863 m2/g in SEAC. Response 
surface methodology (RSM) analysis showed SEAC at an initial concentration of 10 mg/L 
and a contact period of 60 minutes has obtained a maximum removal effectiveness of 
92.69% for MB at pH 6. The adsorption of SEB and SEAC both best fit the Langmuir 
model. SEB had an R² value of 0.9919 while SEAC had an R² value of 0.9225 and an 
adsorption capacity of 0.9013 mg/g. Sludge-activated carbon derived from sago effluent 
is an effective adsorbent for removing MB from aqueous environments. Overall, the high 
surface area and porous structure make it a sustainable solution for mitigating pollution 
from sago processing industries.
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biomass from agricultural wastes has drawn the 
most interest among these techniques because 
of its efficiency, versatility, low treatment costs, 
and ease of design (Devanna et al., 2019). Many 
studies highlighted the remarkable efficacy of 
various types of biomasses in adsorbing MB 
from wastewater. Notable examples include the 
fruit shell of the wodyetia bifurcate (dos Santos 
et al., 2019), algae from the porphyridium 
sp. (Buhani et al., 2019), and spirulina sp. 
microalgae (Kausar et al., 2020). 

However, modifying biomass through 
chemical and physical activations can further 
help improve pore structures and surface 
area, making it more reliable for adsorption. 
Activated Carbon (AC) is particularly noted 
for its excellent adsorption capacity due to its 
large surface area, pore volume, and porosity 
(Devanna et al., 2019). Typically, precursors 
from inexpensive, otherwise unusable 
agricultural waste and by-products are utilised 
to prepare AC. Many studies reported on higher 
adsorption capacity of MB using AC such as 
almond bark AC (Rahimian & Zarinabadi, 
2020), corn cob AC (Aljeboree et al., 2019), 
and water hyacinth AC (Nibret et al., 2019). 
The conversion of agricultural wastes into 
AC enhances the adsorption performance and 
mitigates environmental problems and pollution 
associated with agriculture (Islam et al., 2017). 

Sago industries in Sarawak, Malaysia, 
generate substantial agricultural waste during 
starch production, presenting a potentially low-
cost alternative material for use as adsorbents 
to remove MB. Previously, sago wastes AC 
such as bark was esterified and reported to have 
good adsorption for engine oil removal (7.5 g/g) 
(Ngaini, 2017). Besides adsorption, sago bark 
was also employed to produce esterified oil 
for engines (Wahi et al., 2019). Sago hampas 
were studied to have excellent adsorption on 
MB with an adsorption capacity of 7.69 mg/g 
(Rajan et al., 2018). However, based on recent 
precedent, research has yet to be done on using 
sago effluent as a solid adsorbent to remove 
pollutants such as dyes. Sago effluent is often 
used as cultivation media for spirulina (Phang 

et al., 2000) and syngas (Mariathankam et al., 
2020; Sheela & Asha, 2020). The employment 
of agricultural wastes as adsorbents of pollutants 
is well-known among researchers due to their 
effectiveness, low cost, and practical handling. 

Herein, we report the synthesis of AC 
from sago effluent via sludge formation. The 
effectiveness of the sludge AC for MB removal 
was studied in batch adsorption experiments. 
The results demonstrate that this method is 
highly effective, offering a sustainable solution 
for dye contaminant removal in wastewater 
treatment.

Materials and Methods 
Synthesis of Untreated Adsorbent 
Sago Effluent (SE) was collected from 
Henderson Sago Industries, Sarawak. For the 
aerobic treatment, SE (20 L) was aerated in a 
tank for seven days using an Activated Sludge 
Procedure (ASP) to produce biomass (SEB). 
The SEB was sieved using a 45 µm sieve and 
then pyrolysed in a 1,200 Mini Tube Furnace 
T1-01200-50SL with N2 gas for 30 minutes at 
400°C. The resulting char was immersed in 5 M 
NaOH (Li et al., 2018), filtered, washed to pH 7, 
and oven-dried (100°C-105°C). After 24 hours, 
the char was introduced to a second pyrolysis 
at 500°C for 90 minutes. HCl (5M, 5 mL) 
was added to the char product to eliminate  the 
impregnating salt and washed to a pH of 4 using 
distilled water (Wahi & Senghie, 2014). The 
solid was oven-dried (105°C, 1 hour) to form 
SEAC (2.8 g).

Physicochemical Characteristics of Adsorbent
Proximate Analysis
The moisture, ash, volatile matter, and fixed 
carbon content of SEB and SEAC were 
ascertained using a methodology modified 
from ASTM D-3173-D-3175. The samples 
were treated using the method reported (Wahi 
& Senghie, 2014). The proximate analysis 
was calculated using the following procedures 
(Rajan et al., 2018). 	
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Instrumental Analysis 
SEB and SEAC were characterised using a JEOL 
JSM-6390LA scanning electron microscope 
(SEM) for their surface morphology. The 
SEB and SEAC samples were thinly coated 
with platinum film  using an Auto Fine Coater 
(JEOL JFC-1600). The electronic signals were 
gathered, examined, and converted into pixels 
on the display to create a surface topography 
image of the sample. The surface area was 
analysed using Brunauer-Emmett-Teller (BET) 
(Quantachrome ASIQC0000-3). The functional 
groups in SEB and SEAC were characterised 
by Fourier Transform Infrared (FTIR) analysis 
using an IS10 Thermo Scientific Nicolet in 
KBr powder. A UV-visible spectrophotometer 
(Jasco V-630) was used to measure the MB 
concentration during batch adsorption analysis.

Batch Adsorption Analysis of MB
Batch adsorption analysis of MB was examined 
at 2, 4, 6, 8, and 10 mg/L with the solution’s 
initial concentration. The pH 7 of the solution, 
MB solution (50 mL), adsorbent dosage (0.5 
g/50 mL), contact time (30 minutes), and mixing 
speed (260 rpm) were maintained. A certain 
amount of solution was put into a quartz cuvette 
and the wavelength was examined between 
500 nm and 700 nm. The final concentration 
of MB after adsorption was calculated using a 
calibration graph of the standard solution as a 
guide. The calculation of removal efficiency was 
calculated as follows (Rajan et al., 2018). The 
impact of contact time on MB adsorption was 
evaluated at intervals of 5, 10, 15, 20, 25, and 
30 minutes while the parameters of MB solution 
volume (50 mL), solution pH of 7, adsorbent 
dosage (0.5 g/50 mL), MB concentration (10 
mg/L), and mixing speed (260 rpm) maintaining 
constant. 

Isotherm Study of MB
The adsorption of MB on SEAC was ascertained 
using the surface morphology adsorption 
isotherm. Two type of models were analysed: 
The Freundlich and Langmuir isotherms. The 
Langmuir isotherm was performed following 

the reported method (Doke & Khan, 2017; Rajan    
et al., 2018; Somsesta et al., 2020). Meanwhile, 
the Freundlich isotherm was calculated as 
follows (Miyah et al., 2018).

RSM Analysis 
RSM technique that uses qualitative data 
from pertinent studies to determine how each 
variable influences experiment results was 
used by relating how each variable interacts 
with the others  (Makshut et al., 2020). Central 
Composite Design (CCD) was used to identify 
the independent variables for maximum MB 
adsorption with the minimum number of 
experimental runs (Gholamiyan et al., 2020). 
The initial concentration of the solution (0–10 
mg/L), pH (2–10), and contact duration (0–30 
min) were the operating factors selected for the 
adsorption of MB on SEAC. The trial version of 
Design Expert 7.6.1 produced 20 experimental 
standards.

Results and Discussion
Physicochemical Characteristics of Adsorbent
Proximate Analysis
The ASP procedure produced 94 g of SEB 
from 20 L effluent. The physicochemical data 
of untreated Sago Effluent Biomass (SEB) 
and Sago Effluent Activated Carbon (SEAC) 
is shown in Supplementary file: Table 1S. The 
moisture content of SEB was decreased from 
0.51% to 0.00% in SEAC. Additionally, the 
volatile matter decreased from 0.084% to 0.00% 
following the high-temperature carbonisation 
and activation. The relatively low moisture and 
volatile matter content were due to the dried 
samples used during the analysis. Samples were 
kept dry in a desiccator to prevent extra moisture 
from the air trapped in the samples. 

The low moisture content of SEB is a good 
characteristic of an excellent precursor for AC 
production. The precursor with more than 30% 
moisture content needs more heat to remove 
moisture during pyrolysis instead of producing 
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biochar. In this manner, the high moisture 
content in a precursor decreased biochar yield 
(Jankovi et al., 2019). The elevated carbonisation 
temperature facilitates the breakdown of weaker 
bridges and bonds within the organic matrices 
of the samples, releasing a significant amount of 
volatile matter (Pedicini et al., 2020).

Compared to other biomass waste, the 
ash content found in SEB is considerably 
high (99.10%). After activations, the ash 
content increased slightly to 99.90% in SEAC, 
indicating the amount of non-volatile inorganic 
residue and minerals such as Ca, Mg, and K in 
the sample (Akila et al., 2019). The minerals in 
SE are higher compared with other wastes (P: 
0.12 mg/L, K: 50.71 mg/L, Mg: 7.94 mg/L, 
Ca: 2.62 mg/L), which makes it suitable for 
bioethanol and biogas production (Hammado et 
al., 2018). High ash content in SEB promotes 
char formation since the organic elements in 
the ash are known to catalyse char formation 
during pyrolysis (Pedicini et al., 2020). Besides 
minerals and non-volatile matter, the ash content 
is highly dependent on the building materials 
such as the composition of lignocellulosic and 
starch materials in the sample (Siruru et al., 
2020). When compared with other sago wastes, 
SEB has the highest ash content, followed by 
dregs (3.65%), and bark (0.4%) (Rambli et al., 
2019). This is related to the high lignin and 
cellulose content in sago dregs (Lignin: 7.5%, 
cellulose: 26.0%) and bark (Lignin: 29.4%, 
cellulose: 44.0%). Lignin is the material that 
gives a sturdy structure to bark and dregs while 
cellulose is the lignin structure’s support system 
(Husin et al., 2019). Both sago dregs and sago 
bark wastes also contain low starch (49.5% 
and 22.3%, respectively) while SEB contains 
65.70% sago starch (Husin et al., 2019; Siruru 
et al., 2020). 

The slight increment in ash content after 
pyrolysis and activations was due to the high 
pyrolysis temperature and NaOH concentration 
(Lam et al., 2017; Su et al., 2020). Although 
adsorbents with high ash content might affect 
the adsorption by forming by-products from 
the undesired catalytic reaction, the adsorption 

of MB using SEB and SEAC is unexpectedly 
high (90.7% and 98.19%, respectively). The 
high amount of ash in SEB resulted in a low 
fixed carbon content of 0.22% and decreased to 
0.080% in SEAC.

Surface Methodology Analysis
The adsorbents’ BET surface area was 
successfully improved by pyrolysis and 
chemical activation, rising from 8.04 m2/g 
(SEB) to 76.86 m2/g (SEAC). The surface area 
of an adsorbent is commonly dependent on the 
carbonisation temperature. More surface area is 
usually produced at higher temperatures (Kumar 
et al., 2018). The adsorbent underwent chemical 
activation with NaOH. Pore enlargement 
associated with NaOH was caused by redox 
reduction and oxidative modification (Islam et 
al., 2017). The pore  openings were widened 
due to the alkaline and carbonate metal that 
intercalated with the carbon matrices upon 
chemical activation with NaOH (Islam et al., 
2017; Rajan et al., 2018). The second pyrolysis 
was conducted at 500°C (90 minutes) at a higher 
temperature and the pore size was successfully 
broadened with new pores forming in the 
current pore walls (Rafiq et al., 2016). A study 
on apple tree branches also showed that biochar 
pyrolysed at a higher temperature showed a 
broadened pore structure, higher surface area, 
and thermally stable with increasing total carbon 
(Supriya et al., 2019).

Figure 1 shows the surface morphology of 
SEB and SEAC. The average pore size for SEB 
[Figure 1 (a)] was 0.71-1.21 µm and increased to 
11.17 µm in SEAC [Figure 1 (b)]. The significant 
increase in the pore size of SEAC was due to 
the carbonisation process that occurred during 
the first pyrolysis associated with the removal 
of volatile matter (González-García, 2018). 
Irregular surface areas were also observed with 
large pores that resulted from the treatment with 
NaOH and pyrolysis at 500°C, which weakens 
the precursor pore structure and creates larger 
pores (Wahi et al., 2009). A large NaOH: Char 
ratio caused pores to merge into each other 
and collapse to produce larger pores (Khanday 
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et al., 2017). Moreover, the formation of tars 
that might clog the pores of the adsorbent was 
avoided when NaOH was used during activation 
(Sharma et al., 2015).

 The total surface area of SEAC increased 
significantly due to the formation of pores 
and collapsing walls. In this study, the total 
surface area of SEB remarkably increased from 
8.04 m²/g to 76.86 m²/g. Higher carbonisation 
temperatures result in a larger surface area and 
greater thermal stability (Kumar et al., 2018). 
Large pore sizes were produced by double 
physical activation (pyrolysis) and chemical 
treatment with NaOH increased the total surface 
area (Rajan et al., 2018). 

Functional Group Characterisation 
The FTIR spectra of SEB and SEAC are depicted 
in Figure 2. The broad peak of SEB corresponding 
to ʋO-H at 3,408 cm-¹ was reduced and shifted 
to 3,421 cm-¹ after the double carbonisation and 
activation process in SEAC. The carbonisation 
process induced high temperatures and chemical 
treatment that dehydrated the samples, released 
volatile materials and caused the functional 
groups to break down after pyrolysis (Rafiq et 
al., 2016). The shifting of the peak is also the 
result of chemical activation with NaOH that 
caused a slight change in the environment of 
the hydroxyl group. Carboxylic acids in SEB 
were deprotonated, forming carboxylate anions 

Figure 1: The SEM micrograph of (a) SEB and (b) SEAC

Figure 2: IR spectra of SEB and SEAC
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(R-COO-), which makes the OH bond stretching 
weaker at 3,421 cm-1 (Teğin et al., 2024). The ʋC-H 
stretching (-CH2, -CH3) at 2,928 cm-1 was present 
in SEB and disappeared in SEAC as the result of 
the vibration of cellulose in the activated carbon 
(Hedge et al., 2015). The presence of ʋC-O and 
ʋC=C at 1,540 cm-1 is attributed to hemicellulose 
and lignin. The peak was also reduced in SEAC 
as the lignocellulosic materials were exposed 
to high pyrolysis temperatures (Kumar et 
al., 2018). The activation with NaOH led to 
observing peaks corresponding to C-N, N-H, 
and N-O stretching in SEAC within the range 
of 1,034.88-1,563.56 cm-1 (Mary et al., 2016). 

The -OH groups present in SEAC bind 
with the dimethylamino group and nitrogen 
atom in the MB (Dahlan et al., 2019). The IR 
spectrum of SEAC is similar to most AC derived 
from other precursors. The washing of SEAC 
with distilled water after chemical activations 
followed by the second pyrolysis has removed 
most chemicals bonded with SEAC, leaving 
small holes (porosity) for binding with MB. 
The adsorption of MB onto SEAC is agreeable 
with the isotherm study conducted; thus, surface 
functional groups do not always take part in the 
adsorption process (Patil et al., 2020). 

Batch Adsorption Study
The efficacy of MB removal by SEB and SEAC 
is demonstrated in Figure 3 (a) at varied initial 
solution concentrations, fixed pH 7, 0.5 g/50 
mL adsorbent dosage, and 30-minutes contact 
period. Both MB removal efficiencies showed 
the same trend with decreasing removal as the 
MB solution’s initial concentration increased 
from 0 to 10 mg/L. The highest adsorption 
occurred when the initial concentration was 2 
mg/L with SEAC as adsorbent (99.99%). Slight 
fluctuation occurred at 8 mg/L of adsorption 
with SEB and SEAC (71.79% and 98.18%, 
respectively). The initial concentration of a 
solution is a significant element in promoting the 
driving force of a molecule and improving the 
mass transfer resistance of different phases (Li 
et al., 2020). As the concentration increases, the 
removal efficiency decreases. This phenomenon 

is due to fewer binding sites being available at 
greater concentrations, which limits the mass 
transfer of MB molecules (Ebrahimi & Kumar, 
2021). The fluctuation occurred at 8 mg/L in both 
adsorptions with SEB and SEAC, suggesting 
that more spontaneous effective collisions 
occurred during the agitation (Baalamurugan et 
al., 2020). This adsorption trend also supported 
the monolayer adsorption of MB onto the surface 
of SEB and SEAC (Somsesta et al., 2020).

The effect of contact time for the MB 
removal using SEB and SEAC at a fixed pH 
of 7 at the initial concentration of 10 mg/L and 
the adsorbent dosage of 0.5g/50 mL is depicted 
in Figure 3 (b). The removal of MB increased 
dramatically from 0-30 min. Both adsorptions 
with SEB and SEAC show the same trend. The 
highest removal occurred at 30 minutes contact 
time, 90.70% and 98.55% for SEB and SEAC, 
respectively. A longer contact time is required 
to reach equilibrium because of the diffusion 
process between the adsorbent and adsorbate 
(Marrakchi et al., 2017). A shorter contact time 
reduces the opportunity for an effective collision 
between MB molecules and adsorbents, causing 
low removal efficiency. The adsorption process 
with SEB and SEAC is fast and effective, 
requiring only 30 minutes to reach equilibrium. 
This rapid adsorption suggests a strong 
electrostatic interaction between the negatively 
charged adsorbent surface and the molecule in 
MB (Ao et al., 2018). 

The findings of both trials show that the 
adsorption with SEAC is substantially greater 
than the adsorption with SEB. In addition to 
reaction parameters, including concentration, 
pH, contact time, and mixing rate, the 
adsorbent’s surface morphology is a significant 
factor in determining the removal effectiveness. 
The higher removal of MB by SEAC is due to 
the enlargement of pores and the creation of 
new pores following activation with NaOH. 
This process results in a significantly larger total 
surface area for SEAC (76.86 m²/g) than SEB 
(8.04 m²/g). The significant improvement in 
surface area and pore structure after activation 
provides more binding sites for MB (Jankovi et 
al., 2019).
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Adsorption Isotherm
The adsorption isotherm study (Freundlich 
and Langmuir isotherm) was conducted by 
manipulating the initial MB concentration (2-10 
mg/L), pH 7, adsorbent dosage (0.5 g/50 mL), 
mixing speed (260 rpm), and contact time (30 
minutes) using both SEB and SEAC. Figure 
4 shows the Langmuir and Freundlich linear 
regression model plot. It can be observed via 
comparison of correlation coefficient values (R2) 
that the adsorption isotherm for MB removal 
using SEB is best fitted with the Freundlich 
isotherm and the MB removal using SEAC is 
best described using Langmuir isotherm. 

Based on Figure 4 (a), the R2 for SEB 
in Langmuir isotherm was 0.7438, which is 
lower than the Freundlich R2 value of 0.9915 
[Figure 4 (b)]. The 1/n values were -1.3129 
and the Kf value was 0.5516. These phenomena 
implied that the removal of MB with SEB 
is multilayer adsorption on a heterogeneous 
surface with various energy distributions (when 
1/n < 1) (Araujo et al., 2021). The n values of 
a Freundlich isotherm indicate the degree of 
non-linearity between the concentration of the 
solution and adsorption. Based on the plotted 
graph of adsorption with SEB, the n value was 

Figure 3: The effect of (a) initial concentration on MB adsorption by SEB and SEAC and  (b) contact time on 
MB adsorption by SEB and SEAC
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-0.762, a negative value which indicated that the 
adsorption is irreversible and a chemical process 
is involved (Makshut et al., 2020). 

In Figure 4 (a), the R² value for MB 
removal using SEAC in the Langmuir isotherm 
was 0.9225, which was higher than the R² value 
in the Freundlich isotherm model (0.8527), 
as shown in Figure 4 (b). The best fit to the 
Langmuir isotherm suggests that the adsorption 
process involves monolayer adsorption onto 
the homogeneous adsorbent surface, with no 
interactions occurring between adjacent sites or 
MB molecules (Nibret et al., 2019). The constant 
b obtained from the Langmuir linear graph 
was 13.940 L/mg, showing high adsorption 
energy and contributing to the fast increment 
in adsorption and various MB concentrations 
(Miyah et al., 2018).

Comparing SEAC to the other ACs shown 
in Table 1, the maximum adsorption capacity 
of 0.9012 mg/g was a rather high value. Most 
studies conducted the adsorption at a longer 
contact time (1-3 h) and slightly acidic pH 
compared to the present study. The longer contact 

time conducted by other studies elongated 
the adsorbate exposure with the adsorbent’s 
surface, thus, increasing the chance of effective 
collision (Araujo et al., 2021). Nevertheless, in 
batch adsorption, there is a high removal of MB 
(98.55%) despite the low Qmax value. 

The separation factor (RL) for the removal 
of MB with SEAC was 0.034, indicating that 
the adsorption onto SEAC is favourable (0 < 
RL < 1). Calculated parameters for Langmuir 
and Freundlich isotherm for adsorbents and 
correlation coefficient value, R2 obtained 
by the linear fitting method are listed in the 
Supplementary file: Table 2S. The effectiveness 
of SEB and SEAC in removing MB is shown 
in Figure 3 (a) at fixed pH 7, 0.5 g/50 mL 
adsorbent dosage, 30 minutes contact duration, 
and different initial concentrations. Both MB 
removal efficiencies displayed the same pattern, 
with removal declining as the initial MB 
solution concentration rose from 0 to 10 mg/L. 
The maximum adsorption was achieved with 
SEAC as the adsorbent (99.99%) at an initial 2 
mg/L concentration.

Table 1: Maximum adsorption capacity (Qmax) for MB removal by various adsorbents using Langmuir 
isotherm model 

Adsorbent Q0 mg/g Adsorption Condition Authors

(i) Palm oil residue AC 48.84 MB concentration: 750 mg/L
Adsorption time: 3 h

Adsorbent dosage: 0.2 g/100 mL
Mixing rate: 120 rpm

pH: 7

(Araujo et al., 
2021)

(ii) Eucalyptus residue AC 977.00 MB concentration: 220 mg/L
Adsorption time: 24 h

Adsorbent dosage: 0.01 g/100 mL
Mixing rate: 150 rpm

pH: 7

(Han et al., 
2020)

(iii) Corn cob AC 216.60 MB concentration: 100 mg/L
Adsorption time: 50 min

Adsorbent dosage: 0.12 g/100 mL
Mixing rate: 110 rpm

pH: 5.6

(Jawad et al., 
2018)
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Figure 4: (a) Langmuir isotherm plot for MB adsorption by SEB and SEAC and (b) Freundlich isotherm plot 
for MB adsorption by SEB and SEAC 

(iv) Pumpkin peels AC 198.15 MB concentration: 200 mg/L
Adsorption time: 3 h

Adsorbent dosage: 0.5g/100mL
Mixing rate: 110 rpm

pH: 7

(Rashid et al., 
2019)

(v) Citrus lanatus rind AC 231.48 MB concentration: 100 - 400 mg/L
Adsorption time: 2 h

Adsorbent dosage: 0.0016g/mL
Mixing rate: 130 rpm

pH: 5.45

(Üner & Bayrak, 
2018)

(vi) Sago effluent AC 6.85 MB concentration: 10 mg/L
Adsorption time: 30 min

Adsorbent dosage: 0.1g/100mL
Mixing rate: 260 rpm

pH: 6

Present study
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RSM Study
The RSM study was conducted on removing MB 
using SEAC as an adsorbent. Based on the batch 
adsorption study, the adsorption employing 
SEAC yields more promising results and high 
adsorption efficiency. Thus, SEAC is more 
favourable to use as an adsorbent than SEB. The 
ranges and responses of 20 experimental runs are 
shown in the Supplementary file: Table 3S). SAC 
removed between 58.15% and 92.69% of the 
MB. The experimental settings of pH (10), initial 
MB concentration (2 mg/L), and contact time (30 
minutes) resulted in the lowest MB elimination 
(58.15%) as in Run 2. The highest removal was 
92.69%, which occurred under the following 
conditions: pH (6), initial concentration (10 
mg/L), and contact time (60 minutes). 

The highest-order polynomial based on 
a quadratic model of Design Expert Software 
served as the basis for this recommendation 
(Chaduka et al., 2020). The model was selected 
when the additional terms were significant. 
Equation 1 is the final empirical model expressed 
in terms of coded components. 

Percentage adsorption of MB

= 	 + 87.98-2.98A + 12.51 B + 1.55C + 
1.74AB + 0.730AC – 0.6938BC – 
0.0155A2 – 8.75B2 – 0.3751C2 

The effects of the variables on the responses 
of the percentage removal of MB are represented 
by the coefficients with one variable, pH (A), 
initial concentration (B), and contact duration 
(C). A quadratic effect and the correlation 
between the variables are displayed by the 
coefficient with two distinct variables (Priyanka 
et al., 2019; Makshut et al., 2020). A positive 
symbol indicates a synergistic impact while 
the antagonistic effect is shown by a negative 
symbol (Chaduka et al., 2020). 

The experimental data (Figure 5) fitted 
the constructed model quite well, as indicated 
by a high R2 value of 0.999 (Kumar et al., 
2020). There is a decent agreement between 
the adjusted R2 (0.998) and the projected R2 
(0.997). The signal-to-noise ratio is measured 

by an Adeq precision, ideally higher than 4. The 
model is sufficient and useful for navigating 
the design space, as indicated by the ratio of 
113.0483 (Makshut et al., 2020). The Coefficient 
of Variance (CV) value is a percentage that 
represents the ratio of the observed response’s 
mean value to the standard error of estimations. 
The model’s reproducibility is demonstrated by 
the CV value of 0.485%, which was less than 
10% (Gholamiyan et al., 2020; Kumar et al., 
2020). 

Figure 5 illustrates the percentage removal 
of MB based on the RSM study. The combined 
effects of contact time and initial concentration 
are displayed in Figure 5 (a) with the following 
experimental parameters fixed: Adsorbent 
dosage 0.5 g/50 mL, mixing rate 260 rpm. At 
an initial concentration of 10 mg/L and pH 10, 
more elimination was observed at 90 minutes of 
contact time (91.45%) compared to 60 minutes 
(88.11%). MB molecules will diffuse into the 
porous structure at the adsorbent surface after 
penetrating the boundary layer. This procedure 
will take a fair amount of time, as longer 
contact time increases the mass transfer driving 
force, thereby enhancing the adsorption of MB 
(Amode et al., 2016; Jawad et al., 2016; Hu & 
Gholizadeh, 2019). 

The removal of MB was lower (69.30%) 
when the initial concentration was 2 mg/L 
but higher removal of MB (92.17%) when the 
initial concentration was 10 mg/L at 30 minutes 
contact time and pH 2. The contact time (30 
minutes) is observed to be too long for removing 
a lower concentration of MB. This is due to 
the detachment of MB from the SEAC surface 
during a long agitation time (Nasrullah et al., 
2018). Desorption occurs after the adsorption 
reaches equilibrium at a certain time (Araujo et 
al., 2021).  

Figures 5 (b) and (c) display the combined 
effects of initial concentration (pH) and contact 
time (pH). At the initial concentration of 10 
mg/L and the contact time of 60 minutes, a 
higher clearance occurred at pH 6 (92.69%). 

(1)
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After 90 minutes of contact time and an initial 
concentration of 10 mg/L, a lower clearance 
was observed at pH 2 (89.78%). A solution’s pH 
significantly impacts adsorption as it influences 
the adsorbent’s surface charge and makes 
competing ions like H+ and OH- available. A 
positively charged SEAC surface is produced by 
the presence of H+ ions at lower pH values (< 
pH 6) (Cheenmatchaya & Kungwankunakorn, 
2013). Since MB is a cationic dye that needs 
a negatively charged adsorbent surface, this 
prevents it from adhering (Han et al., 2020). 
The surface adsorbent adopts a negative surface 
at high pH, enhancing positive dyes’ uptake via 
electrostatic attractions (Pathania et al., 2017).

Conclusions
Sago effluent-derived activated carbon (SE-AC) 
has a better removal efficiency than SEB and 
has been effectively used as an adsorbent for 
MB in an aqueous solution. Based on the RSM 
parameters, the greatest removal effectiveness 
was 92.69% at pH 6, initial concentration (10 
mg/L), and contact time (60 minutes). The 
adsorption with SEB exhibits a heterogeneous 
adsorption layer and is best fitted to the 
Freundlich isotherm while SEAC is best fitted 
to the  Langmuir Isotherm. SEAC can be an 
effective adsorbent to mitigate environmental 
issues associated with sago industries. Its high 
adsorption capacity for contaminants such as 

Figure 5: Graph of the combination effect of (a) contact time and initial concentrations, (b) initial 
concentration, and pH (c) contact time and pH 
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MB suggests it could significantly reduce the 
pollution load from sago processing effluents, 
thereby contributing to cleaner water bodies and 
a healthier ecosystem.
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Supplementary File 

Table 1S: The physicochemical data of SE-B and SE-AC

Parameters SEB SEAC

BET (m2/g) 8.04 76.86

Moisture content (%) 0.51 ± 0.02 0.00 ± 0.00

Volatile matter (%) 0.08 ± 0.02 0.00 ± 0.00

Ash content (%) 99.10 ± 0.03 99.90 ± 0.02

Fixed carbon (%) 0.22 ± 0.01 0.08 ± 0.01

Table 2S: Isotherm study on the adsorption of MB onto SE-AC

Isotherm Parameters SEB SEAC

Langmuir Qmax (mg/g)
b (L/mg)

R2

RL

-11.235
-0.139
0.7438
1.385

0.9012
13.940
0.9225
0.034

Freundlich n
1/n
Kf
R2

-0.762
-1.3129
0.5516
0.9915

1.510
0.7191
0.814
0.8527
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Table 3S: Experimental factors and response for the adsorption of MB

Standard 
Run 

Number

Parameters Response

pH Initial Concentration (mg/L) Contact Time (min) Adsorption (%)

1 2.00 2.00 30.00 69.30
2 10.00 2.00 30.00 58.15
3 2.00 10.00 30.00 92.17
4 10.00 10.00 30.00 88.11
5 2.00 2.00 90.00 72.35
6 10.00 2.00 90.00 67.15
7 2.00 10.00 90.00 89.78
8 10.00 10.00 90.00 91.45
9 6.00 6.00 60.00 88.73
10 6.00 6.00 60.00 89.25
11 6.00 6.00 60.00 88.95
12 6.00 6.00 60.00 88.95
13 2.00 6.00 60.00 91.51
14 10.00 6.00 60.00 87.70
15 6.00 2.00 60.00 69.05
16 6.00 10.00 60.00 92.69
17 6.00 6.00 30.00 86.67
18 6.00 6.00 90.00 89.57
19 6.00 6.00 60.00 88.73
20 6.00 6.00 60.00 88.95


