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ABSTRACT 

In this research, glucose-based carbon, fructose-based carbon, and sugarcane juice-based carbon materials 
were successfully synthesized by a simple, rapid, and one-step reaction for methylene blue adsorption. The samples 
were produced by the reaction of sugarcane juice with sulfuric acid. The characterization of the synthesized samples 
was performed by scanning electron microscopy (SEM), energy dispersive spectroscopy (EDS), Fourier Transform 
Infrared Spectroscopy (FTIR), and nitrogen adsorption-desorption analysis (BET). The adsorption behaviors of all 
samples were investigated by the determination of the adsorption capacity of methylene blue. The optimum 
condition for the highest adsorption capacity was at pH 7 and a contact time of 480 min. The kinetic and adsorption 
isotherms and thermodynamics of methylene blue on all samples were studied. Pseudo-second-order and Langmuir's 
isotherm were best fitted for methylene blue removal. This is indicated by chemical and monolayer adsorption. The 
mechanism of the adsorption process can be illustrated by the intra-particle diffusion model.  
A study of the thermodynamic parameters showed positive enthalpy (ΔH) and entropy (ΔS) values. This suggested 
that endothermic adsorption processes increased the randomness of adsorbate and adsorbent. Additionally, the 
negative value of Gibbs free energy (ΔG) indicated a spontaneity of adsorption. The presence of salts (NaCl and 
MgCl2) and coexisting ions (Pb2+ and Zn2+) cause a decrease in the adsorption efficiency. 

Keywords: adsorption, carbon, sugarcane juice, sulfuric acid, methylene blue

INTRODUCTION  

Wastewater discharge from chemical 
industries has been a continuous, long-standing 
problem. Mainly, dye product usage in several 
industries has inevitably caused environmental 
pollution. The dyes block the sunlight from entering 
the water and interrupt the ecosystem. On the other 
hand, some dyes are invisible and later become toxic 
and carcinogenic over prolonged exposure (Tuli et 
al., 2020). Dyes commonly used in the textile 
industry, such as methylene blue, congo red, remazol 
black, and remazol red, harm ecosystems and 
organisms, mainly aquatic life. This may eventually 
affect public health (Amran and Zaini, 2021). 
Methylene blue (3,7-bis(dimethylamino)-

phenothiazin-5-ium chloride) (Noreen et al., 2020), 
thiazine cationic dye, is significant for colors 
manufacturing applied for paper, cotton wool, and 
wool. The amino group with positively charged 

methylene blue is toxic to plants and animals 
(Aramesh et al., 2021). Therefore, the treatment of 
water contaminated with dyes has been focused. 
Currently, there are many treatment technologies for 
dye removal from wastewater, such as aerobic 
treatment systems, chemical oxidation, ozonation, 
sedimentation, ultrafiltration, membrane filtration, 
flocculation, ion exchange, biodegradation, 
electrochemical degradation, photocatalytic 
degradation, and adsorption. Some methods are, 
however, expensive, time-consuming, and 
technically complicated (Wu et al., 2021).  

Adsorption technology has been proficiently 
developed. This method has been extensively used in 
wastewater treatment due to its environmentally 
friendly operation, high efficiency, and worthiness 
(Adekola et al.,2019). Various adsorbents have been 
studied to remove pollutants from wastewater 
including nanoparticles (Arab et al., 2022), 
nanocomposites (Khushboo et al., 2022), polymer 
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materials (Sattari et al.,2021), magnetic composites 
(Kumar et al., 2021), graphene oxide (Gautam and 
Hooda, 2020), graphite (Corona et al., 2021), 
activated carbon (Sultana et al., 2022), etc. Carbon 
and activated carbon (AC) are significant materials 
with adsorption properties due to their porosity, high 
surface area, and surface chemical characteristics. 
Therefore, there is interest in developing new carbon-
based materials produced directly from plant-based 
materials, such as palm oil wood, palm kernel fiber, 
cashew nut, corncob, hazelnut husk, and others (Bello 
et al., 2021). The properties of these activated 
carbons depend on the type of raw material, operating 
time of the carbon process, temperature, and 
activating agent (Bergna et al., 2020).  

NaOH, KOH (base activation), and H2SO4 
(acid activation) are the most commonly used 
activating agents.   In addition, the latter is a great 
alternative activating agent because of its efficiency 
of excellent methylene blue adsorption (Nizam et al., 
2021). Activated carbon is produced by the chemical 
activation of sucrose, which is high-performance for 
adsorption (Bedin et al., 2016).  Recently, various 
methods have been studied in synthesizing hydrochar 
and activated carbon for the adsorption of iodine and 
methylene blue (Genli et al., 2021). 

The problem of smoke haze pollution is 
biomass burning (Khodmanee and Amnuaylojaroen, 
2021) and charcoal/biochar production (Sparrevik et 
al., 2015). Using sulfuric acid during dehydration to 
prepare adsorption carbon is an alternative option to 
avoid problems caused by burning. It is well-known 
that carbohydrate dehydration is a simple and fast 
reaction (Dolson et al., 1995).  For this reason, the 
reaction of sugar with sulfuric acid is a famous 
chemistry experiment.  The sugar dehydration 
reaction for carbon film production was presented as 
a straightforward and rapid method (Whitener, 2016). 

Natural products are relatively safe and eco-
friendly products. The adsorbent carbons from solid 
natural products have been widely studied (Suhas et 
al., 2016). Natural liquid sugars-based carbon is 
another interesting option. Inverted sugar is present 
in natural liquid sugar derived from fruit (Naikwadi 
et al., 2010), which reacts rapidly with H2SO4 and 
reduces smoke haze pollution, especially when 
sugarcane juice is available throughout the country. It 
contains inverted sugar hydrolyzed to glucose and 
fructose by acidifying and can be rapidly carbonized 
by a dehydration reaction with H2SO4. Sugarcane 
juice has a high sugar content and can spoil quickly 
after extraction (Zaidan et al., 2021). Freshly 
squeezed sugarcane juice is easily spoiled and has a 
shelf life of only a few hours (Geremias-Andrade et 

al., 2020). For this reason, using a nearly expired 
sugarcane juice is a value-added. 

In this study, sugarcane juice is represented 
as a natural product due to its high inverted sugar 
content. The glucose powder-based carbons (GBC), 
saturated glucose solution-based carbons (GSBC), 
fructose powder-based carbons (FBC), saturated 
fructose solution-based carbons (FSBC), and 
sugarcane juice-based carbons (SJBC) were 
synthesized by a chemical reaction using 
concentrated H2SO4. All samples were characterized 
by SEM, EDS, FTIR, and BET analysis. The 
adsorption behaviors of the samples were 
investigated by adsorption of methylene blue dye and 
compared with GBC, GSBC, FBC, FSBC, and SJBC. 
In addition, the kinetics, adsorption isotherms, 
thermodynamics, effect of salts, and coexisting ions 
were studied. 

MATERIALS AND METHODS 

Materials 

The sugarcane juice derived from the 
crushed sugarcane (Saccharum officinarum, 
Suphanburi 50) by sugarcane hydraulic press. This 
sugarcane was harvested from Ban Thung Ku Dai, 
Pong Saen Thong, Muang Lampang, Lampang 
Province, Thailand (18.296914,99.432422). Glucose 
powder (C6H6O12, 99.0%, Ajax Finechem Pty Ltd., 
Australia), fructose powder (C6H6O12, 99.0%, Ajax 
Finechem Pty Ltd., Australia), and sulfuric acid 
(H2SO4, 98.0% ACL Chem Ltd., England) were used 
as precursors in the experiments. The pH-adjusted 
reagents were prepared with sodium hydroxide 
(NaOH, 99.0%, RCI Labscan., Thailand) and nitric 
acid (HNO3, 70% Ajax Finechem Pty Ltd., Australia). 
Hydrochloric acid (HCl, 37.0% RCI Labscan Ltd., 
Thailand), potassium sodium tartarate-4-hydrate 
(Merck, Darmstadt), 3,5-dinitrosalicylic acid (DNS, 
98% Sigma Aldrich Co., USA), and potassium 
hydroxide pellets (KOH, 85% Loba Chemie Ltd., 
India) were used for sugarcane juice hydrolyzation 
and sugar analysis. Sodium nitrate (NaNO3, 99.5% 
RFCL Ltd., India) was employed to determine pHzpc 
values. Sodium chloride (NaCl, 99% RCI Labscan 
Ltd., Thailand) and magnesium chloride (MgCl2, 
98% RCI Labscan Ltd., Thailand) were used for the 
study of the effect of salts on methylene blue 
adsorption. For the impact of coexisting ions on 
methylene blue adsorption, lead chloride (PbCl2, 99% 
RCI Labscan Ltd., Thailand) and zinc chloride 
(ZnCl2, 98% QRëC, New Zealand) were used for this 
study. In preparing the adsorption and kinetics study 
solution, methylene blue trihydrate  
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(C16H18N3S.Cl.3H2O, 99.0%, Himedia Laboratories 
Pvt Ltd., India) was used as adsorbate. All solutions 
in this experiment used deionized water (DI) as the 
solvent. 

Preparation of adsorbents 

The carbon material was prepared without 
heating (Whitener, 2016). GBC GSBC FBC and 
FSBC were prepared by slowly adding 50 mL of 
concentrated sulfuric acid to each of the large beakers, 
which contained 50 g of glucose powder, saturated 
glucose solution (50 g of glucose), 50 g of fructose 
powder and saturated fructose solution (50 g of 
fructose), respectively. The individual carbon 
samples were separated, washed with deionized water, 
and dried in a hot-air oven at 95 °C for 24 h. Similarly, 
SJBC was prepared by adding concentrated sulfuric 
acid to sugarcane juice (12% of reducing sugar) in a 
2 L beaker. The carbon from this process was 
separated by filter paper. It was washed and dried at 
95 °C for 24 h in a hot air oven. All of the carbon 
samples were stored in a desiccator. 

Characterization 

All samples are powdered and 
characteristically examined by SEM, EDS, FTIR, and 
BET techniques. The morphology was investigated 
using a scanning electron microscope (TESCAN‒
VEGA3, Czech Republic) at 5.0 kV. The chemical 
composition of the samples was obtained by using an 
energy dispersive spectroscopy (Oxford Instrument-
Ultim Max 40, England) and Fourier-transform 
infrared spectroscopy (PerkinElmer/Spectrum RX I, 
UK), which were performed in wavenumber between 
400 and 4000 cm‒1 with KBr pellets. The surface 
areas were calculated with the BET method. The 
adsorption-desorption analysis of nitrogen was 
carried out by using a surface area, pore volume, and 
pore size analyzer (Quantachrome-Autosorp 1MP, 
England) at an adsorber temperature of -196 ºC, out 
gas temperature: 120 ºC, outgas time 8 to 24 h and 
operating time 382.1 to 389.4 min. Sugarcane juice 
(SJ) was hydrolyzed and then analyzed for sugar 
content by DNS method (Wang, 2004; Texixeira and 
Santos, 2022). Briefly, the 1,000 µL of SJ was firstly 
chemically digested by adding 20 µL of concentrated 
HCl and then placed in a 90 ºC hot water bath for 5 
min. After cooling it to ambient temperature, 50 µL 
of 5 N KOH solution was added to neutralize the acid. 
The colorimetric reaction was carried out in the 5 mL 
test tubes using 0.5 mL of sample or reference 
solution (between 0.1 and 0.3 gL‒1 of glucose) and 
0.5 mL of DNS reagent. After mixing by vortex, all 
samples were boiled in a 95 ºC hot water bath for 5 
min and cooled to ambient temperature. The 
absorbance was measured at 540 nm using a V-1200 
spectrophotometer (Dshing Instrument Co., Ltd., 

China) with UV-Professional analysis software. All 
experiments were carried out in triplicates. 
Determination of zero-point charge (PZC) was 
applied to evaluate the effect of pH on the adsorption 
between the surface charge of adsorbent and 
adsorbate. The solutions of 0.1 mol/L NaNO3 
solutions 40 mL were adjusted in the initial pH values 
(pHi) range of 2, 4, 6, 8, 10, and 12 using 0.1 M NaOH 
and 0.1M HNO3. 0.1 g of adsorbent was added to all 
solutions. The suspensions were shaken at 120 rpm 
for 24 h. The final solutions were separated and 
recorded final pH values (pHf). The pHzpc was 
obtained by plotting between pHi and ΔpH. 

 
Adsorption studies 
 
Effect of pH 

The influence of pH was investigated by 
adding 0.05 g of adsorbent to the 40 mg/L of 
methylene blue solutions (25 mL) over the pH range 
from pH 2 to 9, which were adjusted by pH 0.1 M 
NaOH and 0.1 M HNO3. The samples were shaken 
at 120 rpm for 24 h. 

Effect of contact time  

The effect of the contact time experiment 
was performed by varying contact times from 5 to 
1440 min at optimum pH from effect of the pH study. 
Each Erlenmeyer flask contained 25 mL of fixed 
methylene blue concentration (40 mg/L) and 0.05 g 
of adsorbent. The samples were shaken at 120 rpm. 

Effect of initial concentration 

The Effect of the initial concentration study 
was operated under optimum conditions (pH of 7 
and contact time 480 min) and varying initial 
concentrations of methylene blue from 5 to 80 mg/L. 
Adsorbent (0.05 g) was added to each Erlenmeyer 
flask containing 25 mL of methylene blue. The 
samples were shaken at 120 rpm. 

Thermodynamic study 

The effect of temperature was studied using 
a temperature range of 25 to 55 °C, pH of 7, and 
contact time of 480 min. The 0.05 g of adsorbent 
was added to the 40 mg/L of methylene blue 
solutions 25 mL. The samples were shaken at 120 
rpm. 

Effect of salts and coexisting ions 

The effect of salt and coexisting ions was 
studied under optimum conditions. The impact of the 
salt study, the difference of NaCl (5 to 10 g/L) and 
MgCl2 was added to the Erlenmeyer flask, which 
contained methylene blue solution (25 mL, 40 mg/L) 
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and 0.05 g of adsorbent. The effect of coexisting ions 
was performed by varying concentrations of Pb2+ 
and Zn2+ from 10 to 40 mg/L, which were prepared 
from 200 mg/L stock solutions of Pb2+ and Zn2+, 
respectively. The samples were shaken at 120 rpm 
and a contact time of 480 min. 

The final samples were centrifuged at 6,000 
rpm to separate the solutions and solids. The 
absorbance values of the final solutions were 
measured by UV/Vis spectrometer (Metash V-5800, 
China) at wavelength 664 (Oladoye et al., 2022). The 
data of absorbance were used to calculate the final 
concentration and applied to kinetic and adsorption 
isotherm studies. 

RESULTS AND DISCUSSION 
Characterizations of the prepared adsorbents 

Results of SEM and EDS 

The morphology  of  carbons  can  be 
eva lua t ed  us ing  SEM‒ana lys i s .  The  SEM 
photographs of all samples are shown in Figure 1. 
The morphology of GBC and FBC surfaces was 
compact, dense, layer-like, and rough, as shown in 
Figures 1(a) and 1(c). The characteristics of this 
morphology are similar to those of carbons, which 
were produced using an acid mixture of H2SO4 and 
H2O2 and analyzed by SEM technique (Chalmpes et 
al., 2022). The morphology of GSBC and FSBC 
surfaces was an agglomeration of small granules, as 
seen in Figures 1(b) and 1(d). This indicates that 
GSBC and FSBC have high surface area and are 
more porous than GBC and FBC, which is consistent 
with BET results. The surface texture (Figure 1(e)) 
was formed by aggregating tiny particles more 
compact than those of GSBC and FSBC. It is 
observed that SJBC has less pore size than GSBC 
and FSBC, as the surface area and the pore number 
influence adsorption. The elemental composition of 
all carbon samples was investigated by EDS 
spectroscopy, as shown in Figure 1, which consists 
of carbon and oxygen as the main constituents. To 
the EDS results, the similar O/C ratios of GBC, 
GSBC, FBC, FSBC, and SJBC were 0.345, 0.349, 
0.378, 0.374, and 0.373, respectively. This indicates 
the oxygen content in the functional group. The 

oxygen on the charcoal surface resulted in a 
negatively charged surface. This caused the attraction 
between the adsorbent and methylene blue through 
an electrostatic mechanism so that the elimination 
was promoted (El-Bery et al., 2022). Sulfur(S) and 
gold(Au) peaks remain their precursors and gold 
sputter coating technique of SEM, respectively. 

Results of FTIR 

The functional groups present in all samples 
were investigated by the FTIR, as shown in Figure 2. 
The absorbance bands peaked around 3401 cm‒1, 

corresponding to the strong O‒H stretching of 
alcohol (Mondal and Majumder, 2019). The band 
located at about 2921, 1704, 1581, and 1160 cm‒1 
were assigned C‒H stretching of alkane, carbonyl 
C=O groups of carboxylate asymmetric/symmetric 
stretching, C=C stretching and C‒O stretching, 
respectively (El Maataoui et al., 2019; Marrakchi et 
al., 2020; Opoku et al., 2021). The absorbance peak 
around 1200 to 800 and 956 cm‒1 was described as 
the C‒C stretching and the trans-out-of-plane 
bending of C=C‒H (Wibawa et al., 2020). The peak 
of about  789 and 580 cm‒1 may be caused by 
carbonaceous agglomeration (Samoudi et al., 2022). 
The FTIR results indicated that all the samples 
contained carbon and oxygen, which was consistent 
with the results from the EDS. The peak positions of 
all samples are similar. It seems promising to have 
identical functional groups, including carboxylate 
and hydroxyl groups. A peak at 956 cm-1 was not 
found in GBC and GSBC. The peak was, however, 
observed in SJBC. This is probably because it was 
produced from sugarcane juice, which contains 
glucose and fructose. 

The methylene blue dye cation (MB+) 
adso rp t ion  on to  all carbon samples occur red , 
representing the carboxyl, carboxylate, and hydroxyl 
groups (Wang et al., 2018). The carboxylic and 
hydroxyl groups become hydroxyl anion and 
carboxylate anion in an aqueous solution (Namal and 
Kalipci, 2020). These groups can actively interact 
with cations such as methylene blue (Dhar et al., 
2021). 
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Figure 1. SEM photographs of GBC (a), GSBC (b), FBC (c), FSBC (d), and SJBC (e) and EDS results of GBC (f),  

GSBC (g), FBC (h), FSBC (i) and SJBC (j). 
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Figure 2. FTIR spectra (KBr disc) of GBC (a), GSBC(b), FBC(c), FSBC(d) and SJBC(e). 

Results of nitrogen adsorption-desorption 

The specific surface area (S), pore volume 
(Vp), and average porous radius of GBC, GSBC, 
FBC, FSBC, and SJBC are summarized in Table 1. 
After the solution process of glucose and fructose 
powder and hydrolysis with conc. H2SO4, the 
specific surface area and pore volume of GSBC and 
FSBC were further increased compared to GBC and 
FBC, respectively. The specific surface area and 
pore volume can indicate the physical adsorption 
capacity of materials. The specific surface area result 
corresponded with SEM results, which showed  
 
 

aggregation of small particles for GSBC, FSBC, and 
SJBC. The specific surface area of all samples is 
greater than that of the carbon produced by the 
chemical reaction (spent coffee and piranha 
solution), which was reported previously (10–15 
m2/g) (Chalmpes et al., 2022). The specific surface 
area depends on porosity, pore size distribution, 
shape, size, and roughness (Amador et al., 2016). 
The specific surface area of the particles affects the 
adsorption efficiency; the high specific surface area 
causes increased adsorption (Thang et al., 2021). 
However, the pore-volume and average radius of the 
porous also affect adsorption. 
 

Table 1. BET constants for GBC, GSBC, FBC, FSBC, and SJBC 

 

Effect of pH on the adsorption of methylene blue 

The effect of pH was studied within a pH 
range of 2 to 9 at the methylene blue concentration 
of 40 mg/L, 25 ºC, and contact time of 24 h. As 

shown in Figure 3(a), The methylene blue adsorption 
of all samples tended to be the same pattern. 
Conversely, the adsorption capacity seems to 
increase with an increase in pH and stabilize at pH > 
7. The pHpzc values of GBC, GSBC, FBC, FSBC, and 

Adsorbent S (m2/g) Vp (cm3/g) Average radius of porous (Å) 

GBC 24.82 0.0454 36.56 

GSBC 35.98 0.0947 52.66 

FBC 23.52 0.0415 35.27 

FSBC 24.92 0.0783 62.87 

SJBC 20.92 0.0504 48.20 
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SJCB were determined from a final pH (pHf) as a 
function of initial pH (pHi). The pHpzc value revealed 
the characteristic of charges on the adsorbent surface. 
It is indicated that when pH of the solution (pH) is 
higher than pHpzc, the surface provides a negative 
charge. On the other hand, the surface shows a 
positive charge when pH of the solution is lower than 
pHpzc ( Zhang et al., 2021). Figure 3 suggested the 
point of zero charges of GBC, GSBC, FBC, FSBC, 
and SJCB, which were 5.4, 5.5, 5.8, 5.5, and 5.5, 
respectively. The adsorbent surface at pH > pHpzc 
with a negative charge was affected by electrostatic 
pulling between the adsorbent surface and methylene 
blue.  Electrostatic interactions have been described 
on the principle of a charge density on the adsorbent 
surface, which is correlated with zeta potential. The 
deprotonation of hydroxyl and carboxyl groups will 
increase the negative charge density on the adsorbent. 

This facilitates electrostatic interaction between the 
adsorbent and cation of methylene blue (Gautam and 
Hooda, 2020). 

At low pH, the solution was obtained with 
high concentrations of H3O+. The decreasing 
adsorption capacity was detected due to the 
competition of positive ion effect between H3O+ and 
methylene blue (Zhou et al., 2018). The electrostatic 
repulsion between methylene blue, a cationic dye, 
and the adsorbent surface increased due to the 
increase in the H3O+ concentration (Alver et al., 
2020). However, when pH < pHpzc is considered, the 
surface of the adsorbent becomes positively charged. 
This induces an electrostatic repulsion on the free 
H3O+ ions in the solution and the cation of methylene 
blue (Gautam and Hooda, 2020). 

 

 
Figure 3. Effect of pH (a), pHpzc determination curve of GBC, GSBC, FBC, FSBC and SJBC (b).

Effect of contact time and initial concentration of 
adsorbents 

The effect of contact time at different 
contact times of 5, 10, 20, 30, 40, 50, 60, 120, 240, 
360, 480, and 1440 min was investigated at the 
methylene blue concentration of 40 mg/L, pH of 7 
and 25 ºC. The percent removal of methylene blue is 
shown in Figure 4(a). It was found that the trend of 
methylene blue adsorption to all adsorbents was in 
the same pattern. The methylene blue was adsorbed 
rapidly in 0 to 50 min due to the fact that all samples 
consisted of abundant free adsorption sites and the 
electrostatic interaction effect between molecules of 
the adsorbates and adsorption sites on the adsorbent 
(Lyu et al., 2020). After a while, the adsorption sites 
were filled with methylene blue. The gradual 
increase of the methylene blue adsorption was shown 

for 50 to 240 min due to the decrease of adsorption 
sites and the repulsion of methylene blue in solution 
and methylene blue absorbed on the adsorption sites 
(Nkutha et al., 2020). A slower adsorption rate was 
observed for 240‒360 min afterward because the 
adsorption sites were nearly filled with methylene 
blue molecules. After 360 min, the adsorption of 
methylene blue was continuing. However, the 
process was occurred at a lower rate and prolonged 
before entering an equilibrium. Therefore, this study 
assumed that at 480 min, the adsorption occurred 
close to an equilibrium point to reduce the study 
time length for other adsorption-affected factors. 
However, the adsorption had entered equilibrium, 
and the treatment would later no longer be able to 
eradicate methylene blue.  
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A study of initial concentrations was 
conducted under  varying concentrat ions of 
methylene blue. The different initial concentrations 
of 5, 10, 20, 30, 40, 50, 60, 70, and 80 mg/L of all 
samples were examined at 25 ºC, pH of 7, with a 
contact time of 480 min. Figure 4(b) shows that the 
amount of removed methylene blue varies with 
different initial concentrations. The adsorption 
capacity of methylene blue on all samples was the 
same pattern. It increased as the initial concentration 
increased, and it eventually became stable. The 

higher initial concentration resulted in a higher 
amount of removed methylene blue was observed. 
This is due to the driving force generated by 
increasing solute, which is sufficient to overcome 
the mass transfer resistance between the solid and 
liquid phases. This will remain stable after reaching 
equilibrium. However, the adsorption capacity 
decreased at the initial 70 mg/L concentration. This 
may be due to a repulsion between methylene blue 
on the adsorbent surface and methylene blue in a 
solution.

 

 
Figure 4. Effect of contact time (a) and initial concentration of methylene blue removal (b). 

 

Kinetic study 

The contact time data of methylene blue 
adsorption onto all adsorbents were used to study 
adsorption kinetic. The pseudo-first-order, pseudo-
second-order, and intra-particle diffusion models 
were evaluated by equations (1), (2), and (3), 
respectively (Badri et al., 2020; Tran et al., 2020). 

       (1) 

        (2) 

                      (3) 

Where t ,  q e,  and q t are contact  t ime, 
adsorption capacity (mg/g) at equilibrium, and at a 
time “t,” respectively. The k1, k2, and kip represent 
the rate constant of pseudo-first-order, pseudo-
second-order, and intra-particular-diffusion models. 
The C is maintaining the boundary layer thickness. 
The data were plotted for the three models, shown in 
Figure 5, and the obtained kinetic parameters were 

summarized in Table 2.  The methylene blue 
adsorption on all adsorbents follows the pseudo-
second-order model, which was fitted due to the 
calculated value (qcal) high approximation with the 
experimental data (qexp) and better linearity (high R2) 
than the pseudo-first-order model. Therefore, the 
pseudo-second-order model was suitable to explain 
better the adsorption kinetics of methylene blue 
adsorption by GBC, GSBC, FBC, FSBC, and SJBC. 
The pseudo-second-order model can be used for 
predicting adsorption capacity. The expected value is 
similar to those of the experiments. The pseudo-
second-order model demonstrated a chemisorption 
process involving electrostatic force and valence 
forces (Sahoo and Prelot, 2020). For SJBC, the 
adsorption capacity values obtained from the 
experiment and the pseudo-second-order model were 
135.1 and 133.4 mg/g. However, the intra-particle 
diffusion model showed the potential control rate 
and diffusion mechanism of the adsorption process. 
This indicated intra-particle diffusion during the 
adsorption process. The parameters are given in 
Table 3. The two steps of adsorption were illustrated 
as the intra-particle diffusion model. The slope of  
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the line for the first step occurred at 5 to 60 min (t1/2, 
2.24 to 7.75 min1/2). This suggested that methylene 
blue is rapidly adsorbed on the surface of the 
adsorbent. The second step occurred approximately 
120 min and 1440 min (t1/2, 11.0 to 37.9 min1/2). The 
particles were diffused within the adsorbent. The 
slope was increased gradually, as well as the 
adsorption, until equilibrium. This is a progressive 

and speed-limiting step of the intra-particle diffusion 
process. The experimental results were similar to 
those from the adsorption of methylene blue by 
Coal-based activated carbon reported by Wang et al. 
(2022), which showed a rapid adsorption rate in the 
first step and a decreasing rate in the second step 
model. 

 
Figure 5. Kinetic plots of methylene blue removal for the pseudo-first-order (a), pseudo-second-order (b), and intra-particle diffusion (c). 

 

Table 2. The obtained kinetic parameters for the adsorption of methylene blue onto GBC, GSBC, FBC, FSBC, and SJBC using pseudo-first  
               and pseudo-second-order models 

 

Adsorbents 

Parameters 

Pseudo-first-order Pseudo-second-order 

k1 
(L/min) 

qe(cal) 
(mg/g) 

qe(exp) 
(mg/g) R2 k2 ×10‒4 

(g/mg min) 
qe(cal) 

(mg/g) 
qe(exp) 

(mg/g) R2 

GBC 0.0035 81.51 132.0 0.9198 2.81 117.6 132.0 0.9907 

GSBC 0.0058 66.87 184.0 0.9551 3.61 185.2 184.0 0.9998 

FBC 0.0041 25.21 41.30 0.8119 4.67 42.4 41.3 0.9982 

FSBC 0.0037 75.88 127.8 0.9086 1.68 129.9 127.8 0.9943 

SJBC 0.0053 76.93 133.4 0.9432 2.31 135.1 133.4 0.9994 
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Table 3. Intra-peptide diffusion parameters for the adsorption of methylene blue onto GBC, GSBC, FBC, FSBC, and SJBC 

 

Adsorption isotherms study 

The adsorption isotherms were studied at 
25 ºC, pH of 7, and contact time of 480 min. The 
concentrations of methylene blue were 10, 15, 20, 
25, 30, 35, 40, 50, 60, 70, and 80 mg/L, respectively. 
Figure 6(a) shows that the adsorption of methylene 
blue was a rapid process at the first step due to the 
presence of abundant active sites (carboxylate and 
hydroxyl groups) evident in the FTIR result. The 
adsorption capacity was constant when it reached the 
equilibrium state. Adsorption isotherms of solids 

were related to the amount of adsorption and the 
concentration of a solution. The Langmuir isotherm 
is relevant to homogeneous sites and monolayer 
adsorption, a definite position, and several adsorbed 
molecules, and the adsorbed molecules can adsorb 
only one molecule. The Freundlich isotherm can be 
used for heterogeneous surfaces, which is multilayer 
adsorption (Kalam et al., 2021). The Langmuir and 
Freundlich isotherms were interesting and shown in 
equations (4) and (5) (Rehman et al., 2021; Rheima 
et al., 2021). 

 

Figure 6. Adsorption isotherm of methylene blue removal (a), Langmuir (b), and Freundlich isotherm (c). 
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GSBC 0.0058 66.87 0.9551 3.61 185.2 0.9998 

FBC 0.0041 25.21 0.8119 4.67 42.4 0.9982 

FSBC 0.0037 75.88 0.9086 1.68 129.9 0.9943 

SJBC 0.0053 76.93 0.9432 2.31 135.1 0.9994 
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        (4) 

       (5) 

Where qm is the maximum adsorption 
capacity (mg/g), Ce represents the methylene blue 
concentration at equilibrium, and b and KF are the 
Langmuir and Freundlich constant, respectively. The 
Langmuir constant (b) refers to the adsorbate and 
surface interaction. The large value of b presents a 
strong interaction between the adsorbate and the 
adsorbent. The small b value presents a weak 
interaction. The n is the adsorption intensity used for 
the trend prediction of adsorption. If n =1, the 
adsorption isotherm is a linear line; n < 1 refers to 
poor adsorptive potential, and n > 1 refers to the 
possibility of adsorption; titled (1/n) with a small 
value is related to the adsorbent-adsorbent bonding 
(Shikuku et al., 2021). 

The adsorption isotherm is the relative 
adsorption capacity and concentration of residual 
adsorbent in solution at equilibrium. The Langmuir 
and Freundlich isotherms are shown in Figures 6(b) 
and 6(c). The parameters obtained from both 
isotherms are shown in Table 4. The adsorptions of 
methylene blue onto GBC, GSBC, FBC, FSBC, and 
SJBC were fitted with Langmuir isotherm with 
higher R2. These results showed that this adsorption 
was monolayer adsorption on a homogeneous 
surface.  Table 4 showed that  the maximum 
adsorption of GSBC (200.0 mg/g) was higher than 
other adsorbents due to the high specific surface area 

(Table 1). However, a specific surface area was not 
the only factor affecting the adsorption; pore 
structures and functional groups were also involved 
( Wa n g  e t  a l . ,  2 0 2 3 ) .  The adsorption capacity 
increases with the pore size of the adsorbent (Roslan 
et al., 2022). For the similar surface areas of FBC 
and FSBC, the latter showed greater values than 
those of FBC when a pore volume and average 
radius of porous were considered, as shown in Table 
1. The effect of pore volume can also explain 
methylene blue adsorption capacity between FBC 
and SJBC. All these values affected the adsorption. 
The result was similar to the experiments of Goyal et 
al. (2004) for the insignificantly different surface 
areas and adsorption capacities. It was claimed that 
this may be due to the differences in the microporous 
and chemical properties of the carbon surface (Goyal 
et al., 2004). However, the maximum adsorption 
capacity of SJBC is 121.9 mg/g, which is lower than 
GSBC. This is because of the number of void 
volumes or pores caused by coagulation. The 
particles of SJBC aggregated tightly so that fewer 
pores were introduced. The minimum adsorption 
capacity for FBC was shown due to the small surface 
area and low porosity, which corresponded to Figure 
1 and Table 1. 

The adsorption capabilities of methylene 
blue onto different adsorbents are shown in Table 5. 
Non-activated carbon comparisons revealed that all 
samples fell within the competitive range. For further 
study, improving its quality could be able to adsorb 
similar to or better than other types of activated 
carbon.

 

Table 4. The determined parameters from Langmuir and Freundlich isotherms for the adsorption of methylene blue onto GBC, GSB,  
               FBC, FSBC, and SJBC 
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Parameters 

Langmuir isotherm Freundlich isotherm 

b 
(L/min) 

qm  
(mg/g) R2 KF  

(mg/g)(L/mg)1/n n R2 

GBC 0.549 161.3 0.9858 76.23 4.836 0.9219 

GSBC 7.143 200.0 0.9975 125.60 5.764 0.8491 

FBC 0.112 75.8 0.9964 18.20 3.022 0.9458 

FSBC 0.423 125.0 0.9876 55.12 4.525 0.9120 

SJBC 0.323 121.9 0.9883 56.64 5.258 0.9783 
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Table 5. Adsorption capacities of methylene blue 

Precursor Activation reagent Adsorption capacity (mg/g) Sources 

Rubber seeds H2SO4 769.23 Nizam et al., 2021 
Sucrose spherical carbon KOH 704.2 Bedin et al., 2016 
Un-sieved sugarcane bagasse  Water 148.8 El‒Bery et al., 2022 
Ackee apple pod ZnCl2 47.17 Bello et al., 2021 
Deglat Beida stones NaOH 163.67 Gherbia, et al., 2019 
Chickpea stalk   ZnCl2 105 Genli et al., 2021 
Chickpea stalk hydrochar None 45 Genli et al., 2021 
Magnolia Grandiflora Linn leaf biochar None 78.6 Ji et al., 2019 
cosmetics industry, sewage sludge, Biochar  None 51.1 Ribeiro et al., 2021 
Seaweed-based biochars None 175 Güleç et al., 2022 
Biochar from cocoa shell None 163.5 Prabu et al., 2020 
GBC None 161.3 This study 
GSBC None 200.0 This study 
FBC None 75.8 This study 
FSBC None 125.0 This study 
SJBC None 122.0 This study 

a 

Thermodynamics study 

The thermodynamics study used the 
methylene blue concentration of 40 mg/L at a pH of 
7, contact time of 480 min, and temperatures of 25, 
35, 45, and 50ºC, respectively. Thermodynamic 
parameters, including enthalpy change (ΔH), entropy 
change (ΔS), and Gibbs free energy change (ΔG), 
are considerable for a better understanding of the 
effect of temperature on the adsorption process. This 
could be revealed if processes occur naturally 
(Estrada et al., 2021). For adsorption, it is already 
known that ΔH depends on electrostatic and Van der 
Waals interactions. Additionally, ΔS depends on 
hydrophobic interactions (Yoshida et al., 2020). The 
correlation of ΔG, ΔH, and ΔS is represented by 
equations (6), (7), and (8) (Liyanaarachchi et al., 
2023; Tran, 2022). 

        (6) 

        (7) 

         (8) 

The values of ΔH and ΔS can be obtained 
from the slope and intercept of the Van't Hoff plots 
as illustrated in Fig. 7. with ln K on the Y-axis versus 
1/T on X-axis. R (8.314 J /mol K) is the gas constant, 
K is the equilibrium constant correlated with the 
Langmuir equation (Liu, 2009), and T (K) is the 
absolute temperature of the solution. 

 

 

 

 

 

 

 

 

 

 

Figure 7. Van't Hoff plot of methylene blue removal by GBC, 
GSBC, FBC, FSBC, and SJBC. 

From Table 6, the R2 values of GBC, GSBC, 
FBC, FSBC, and SJBC were 0.9284, 0.9461, 0.9574, 
0.9746 and 0.9881, respectively. The ΔH values of all 
samples were positive. This indicates that adsorption 
was an endothermic process. A positive value of ΔS 
represented a great affinity of MB+ towards the 
adsorbent and increased randomness at the solid‒
solution interface (Tongpoothorn et al., 2020). ΔG 
was a negative value. It indicated that the adsorption 
capacity of MB+ onto all samples could occur 
spontaneously. Basically, ΔH values of physisorption 
and chemisorption range from 2.1 to 20.9 kJ/mol and 
80 to 200 kJ/mol, respectively (Amel et al., 2021) . 
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The ΔH values of methylene blue adsorption for all 
samples represent the chemisorption process. This 
corresponded to the results of the pseudo-second-
order model, which was similar to the experimental 
results of Liyanaarachchi et al. (2023). The ΔG 
values of physisorption and chemisorption range 
from 0 to ‒20.9 kJ/mol and ‒80 to ‒400 kJ/mol. 
However, it was reported that the activity coefficient 

affected the calculation of ∆G from the Langmuir 
equilibrium constant. This needs to be strictly 
considered due to the effect of the activity coefficient 
of a high-concentration solution (Liu, 2009). Tran 
(2022) reported that physisorption or chemisorption 
must depend on the magnitude of standard enthalpy 
change rather than standard Gibbs’s free energy 
change. 

Table 6. Thermodynamic parameters for the adsorption of methylene blue onto GBC, GSB, FBC, FSBC, and SJBC. 

 
Effect of salt and existing ion 

Salt and existing ions were investigated 
since most natural water, such as groundwater, canal 
water, seawater, and most wastewater, consists of 
several types of salt or ions. The type and 
concentration of salts or ions depend on the source 
and quality of the water. These may influence the 
adsorption of methylene blue. SJBC will be used to 
investigate the effects of salt and existing ions on 
methylene blue adsorption. This is because SJBC 
provided similar results of adsorption isotherm, 
kinetic, and thermodynamic effects. Besides, SJBC is 
produced for general purposes at a lower cost than 
GBS, GSBC, FBC, and FSBC, which are made from 
pure substances. The effect of salt was studied using 
a concentration of methylene blue of 40 mg/L under 
pH of 7, contact time of 480 min, and 25 ºC. The 
initial concentrations of NaCl and MgCl2 were 5, 10, 
15, and 20 g/L, respectively. It was found that 
increasing the concentration of NaCl and MgCl2 
decreased the adsorption capacity of methylene blue, 
as shown in Figure 8(a). The increasing salt 

concentration decreased the electrostatic attraction 
and electrostatic repulsion. The adsorption capacity 
is generally slightly increased when the ionic 
strength increases. As the experimental result, the 
adsorption capacity of methylene blue meanwhile 
decreased when the ionic strength increased. 
Consequently, the electrostatic attraction between 
methylene blue and SJBC was reduced and resulted 
in the adsorption capacity (Wang et al., 2022). From 
the experiment, it can be seen that Mg2+ had showed 
more effect on methylene blue adsorption than Na+ 
because of the effect of ionic strength. A decrease of 
active si tes on the adsorbent and the active 
concentration of methylene blue occurred when the 
ionic strength increased. This is due to the interaction 
between positive and negative charges decreased. 
Therefore, at the same concentration of Mg2+ and 
Na+, the effect of Mg2+ on adsorption capacity was 
greater than those of the latter, as theoretically 
expected. This might be because of the increased 
number of cations of Mg2+, which can methylene 
blue cation adsorption (Guo et al., 2014).

 
Figure 8. Effect of salt (a) and effect of coexisting ions (b) for methylene blue removal. 

Adsorbents ΔH 
(kJ/mol) 

ΔS 
(J/mol K) 

ΔG (kJ/mol) 

25 ºC 35 ºC 45 ºC 55 ºC 

GBC 75.95 267.96 ‒3.95 ‒6.63 ‒9.30 ‒11.98 

GSBC 59.84 234.12 ‒9.97 ‒12.31 ‒14.65 ‒16.99 

FBC 34.39 115.71 ‒0.11 ‒1.27 ‒2.43 ‒3.58 

FSBC 86.47 301.87 ‒3.53 ‒6.55 ‒9.57 ‒12.59 

SJBC 89.90 315.65 ‒4.21 ‒7.37 ‒10.52 ‒13.68 
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The coexisting ion was studied using 40 
mg/L of methylene blue at pH 7, 25 ºC, and a contact 
time of 480 min. The initial concentrations of Pb2+ 
and Zn2+ were 10, 20, 30, and 40 mg/L, respectively. 
From Figure 8(b), the decrease in methylene blue 
adsorption of SJBC resulted from adsorption 
competition between the metal ions with methylene 
blue, as corresponded to the previous results of 
Ebadollahzadeh and Zabihi (2020) and Eltaweil et 
al. (2023). The existence of Pb2+ would affect the 
adsorption of methylene blue compared to Zn2+. This 
is because Pb2+ can be better adsorbed. As previously 
reported, Pb2+ can be better absorbed on biochar than 
Zn2+ due to its lower binding energy (Zhao et al., 
2020). The binding energies of Pb2+ and Zn2+ 

adsorbed on biochar were reported to be 139 and 
1022 eV (Trakal et al., 2014; Gan et al., 2015). The 
binding energy of adsorption is related to the bond 
energy between the adsorbed molecule and the 
adsorbent (Yazaydin and Thompson, 2009). 

Although SJBC suggested less adsorption 
capacity of methylene blue than GSBC and FSBC in 
this study, sugarcane juice is a cheaper precursor 
than pure glucose and fructose. SJBC can be 
substantially manufactured and used. Nonetheless, 
enhancing SJBC efficiency for further study could 
result in higher adsorption. The carbon from the 
rapid reaction of sugarcane juice with concentrated 
sulfuric acid can be used for the cation adsorption 
technique. Moreover, SJBC can also be applied to 
other adsorption applications such as antibiotics 
(Wang et al., 2020), methane (Shi et al., 2015), 
organic pollutants (Li et al., 2019), etc. or the use of 
other sugars in the synthesis of carbon (Tuli et al., 
2020), such as sucrose (Choi and Park, 2015), white 
sugar (Xiao et al., 2020), molasses wastewater, etc. 

CONCLUSIONS 
SJBC was synthesized by rapid hydrolysis 

of sugarcane juice using concentrated sulfuric acid to 
produce adsorbent adsorption. It was found that the 
surface area of GBC and FBC was smooth and almost 
non-porous. On the other hand, synthesized GSBC, 
FSBC, and SJBC prepared from concentrated sulfuric 
acid and a solution suggested an aggregation of small 
particles, which affected the methylene blue 
adsorption. The adsorption kinetic study indicates 
that the adsorption of methylene blue onto all samples 
was performed under the pseudo-second-order 
model, which provided similar calculated and 
experimental qe values. A study of the intra-particle 
diffusion model showed that the adsorption process 
occurred in two steps. The first step was rapid 
adsorption of methylene blue onto all the sample's 
surface. The second step was a slow diffusion within 

the adsorbent pore. The Langmuir model fits the 
methylene blue adsorption behavior onto all samples. 
This indicated a monolayer adsorption. GSBC, GBC, 
FSBC, SJBC, and FBC adsorption capacities were 
200.0, 161.3, 125.0, 121.9, and 75.8 mg/g, 
respectively. The solution-produced GSBC and 
FSBC had more adsorption capacity of methylene 
blue than the powder-made GBC and FBC, 
respectively. The thermodynamic parameters 
represent the endothermic adsorption processes, the 
disorder and randomness at the solid-solution 
interface, and the spontaneity of adsorption. The 
values of DH and the pseudo-second-order model 
suggest that chemisorption is involved. Salts and 
metal ions that occurred during the process would 
negatively affect the methylene blue adsorption of 
SJBC. Using a solution such as sugarcane juice to 
convert into charcoal for adsorption by dehydration 
can remove methylene blue, which is the 
development of adsorbents from liquid natural 
products to remove other contaminants. 
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