
Volume 2 Issue 1 Article 3 

Methylene Blue Dye Removal from Aqueous Solution Using Activated Methylene Blue Dye Removal from Aqueous Solution Using Activated 
Carbon Prepared from Corn Cob Stem: Kinetics, Isotherms and Mechanism Carbon Prepared from Corn Cob Stem: Kinetics, Isotherms and Mechanism 
Studies Studies 

Gopi Narasimha Murthy 

Department of Chemistry, Gandhi Institute of Engineering and Technology University, Gunupur, Odisha-765022, India 

Uttam Kumar Sahu 

Department of Chemistry, Gandhi Institute of Engineering and Technology University, Gunupur, Odisha-765022, India 

Follow this and additional works at: https://acbs.alayen.edu.iq/journal 

 Part of the Biology Commons, Biotechnology Commons, and the Medicine and Health Sciences Commons 

Recommended Citation Recommended Citation 
Murthy, Gopi Narasimha and Sahu, Uttam Kumar (2025), Methylene Blue Dye Removal from Aqueous Solution Using 
Activated Carbon Prepared from Corn Cob Stem: Kinetics, Isotherms and Mechanism Studies, AUIQ Complementary 
Biological System: Vol. 2: Iss. 1, 35-48. 
DOI: https://doi.org/10.70176/3007-973X.1024 
Available at: https://acbs.alayen.edu.iq/journal/vol2/iss1/3 

https://acbs.alayen.edu.iq/journal/
https://acbs.alayen.edu.iq/journal/
https://acbs.alayen.edu.iq/journal/vol2
https://acbs.alayen.edu.iq/journal/vol2/iss1
https://acbs.alayen.edu.iq/journal/vol2/iss1/3
https://acbs.alayen.edu.iq/journal?utm_source=acbs.alayen.edu.iq%2Fjournal%2Fvol2%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/41?utm_source=acbs.alayen.edu.iq%2Fjournal%2Fvol2%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/111?utm_source=acbs.alayen.edu.iq%2Fjournal%2Fvol2%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/648?utm_source=acbs.alayen.edu.iq%2Fjournal%2Fvol2%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages
https://doi.org/10.70176/3007-973X.1024
https://acbs.alayen.edu.iq/journal/vol2/iss1/3?utm_source=acbs.alayen.edu.iq%2Fjournal%2Fvol2%2Fiss1%2F3&utm_medium=PDF&utm_campaign=PDFCoverPages


AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 2 (2025) 35–48 Scan the QR to view
the full-text article on
the journal website

ORIGINAL STUDY

Methylene Blue Dye Removal from Aqueous
Solution Using Activated Carbon Prepared from
Corn Cob Stem: Kinetics, Isotherms and
Mechanism Studies

Gopi Narasimha Murthy, Uttam Kumar Sahu *

Department of Chemistry, Gandhi Institute of Engineering and Technology University, Gunupur, Odisha-765022, India

ABSTRACT

In this study, a waste-to-wealth work has been proposed where activated carbon was synthesized from waste corn
cob stems and used for methylene blue (MB) dye removal. Corn cob stems activated carbon (CCSAC) had been prepared
in microwave technique using H3PO4 as an activating agent where the impregnation ratio of corn cob stems to H3PO4
was 1:4. Then CCSAC characterized by FTIR, BET, XRD, SEM, EDS, and Raman spectroscopy. The CCSAC showed the
mesoporous with a good surface area of 54.61 m2/g. Around 150 mg adsorbent dose, 120 min contact time, pH 10, and
10 mg/L initial concentration, 98% of MB dye was eliminated in the aqueous environment. The Langmuir adsorption
model gave a higher correlation coefficient of 0.90 and showed an adsorption capability of 129.77 mg/g. Again, the MB
dye adsorption on the CCSAC surface was purely a chemical interaction as found from the pseudo-second-order kinetics
model (R2 = 0.95). Three types of interaction i.e. pi-pi interaction, pore filling, electrostatic attraction and hydrogen
bonding was occurred between MB dye and CCSAC adsorbent respectively. The analysis finding indicated that CCSAC
is an effective material for MB adsorption from the aquatic environment.

Keywords: Corn cob stem, Dyes, Methylene blue, Adsorption and removal

1. Introduction

All living organisms from the micro bacteria to
giant blue whales, require water for their existence,
and water is also called another form of life [1]. The
earth’s surface covers one octillion liters of water,
however, only 0.3% of fresh water is available for
our day-to-day life activities [2]. However, the water
quality is decreased by different water pollutants such
as heavy metals [3, 4], agricultural waste products
[5], pharmaceutical waste [6], and many harmful
dyes [7, 8]. Out of all these pollutants, the organic
dyes very badly affect the water systems [9]. Many
industries such as paper, textiles, food, and print-
ing are using dyes to coloring their products, which

later introduces into the water bodies cause water
pollution by decreasing the quality of water [10–
12]. There are so many coloring dyes are presently
available in the market i.e. methyl red, malachite
green, methylene blue, methyl orange, and congo red
[13]. Among all these dyes, methylene blue (MB),
which has the chemical formula C16H18ClN3S and
a greater molar mass of 319.85 g/mol gains visible
attraction recent days [14]. It is a dangerous one as
it is very toxic, non-biodegradable, and carcinogenic
[11]. It also causes allergies, skin diseases, irregu-
lar breathing, anemia, depression, discolored urine,
and increased blood pressure in humans [15, 16].
Therefore, analysis should be done to eliminate this
harmful substance from aqueous environment.
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Fig. 1. Nitrogen adsorption-desorption isotherm curves of CCSAC.

To remove MB dye from aqueous solution, several
sophisticated techniques have been used, including
ion exchange [17], adsorption [18], coagulation
[19], ozonation [20], membrane separation [21],
precipitation [22] and flocculation [23]. Amongst
all, adsorption is considered the best method in
the removal process because of its eco-friendliness,
suitability, and low operational cost [24]. There are
several types of adsorbents applies for the removal
of MB dye and among them some are metal oxide
[25], graphene oxide [26], activated carbon [27],
and polymer [28]. The surface area, huge high
porosity, and greater binding sites, activated carbon
is regarded as the best adsorbent [10]. For the last
few years, most researchers have been interested in
the agricultural byproduct residues, which act as an
eco-friendly source, chief and available everywhere
[29]. Many scientists have investigated the activated
carbon preparation from agricultural byproducts like
mango peels [30], mangosteen peels [31], palm shell
[32], carrot [10], etc.

Two methods are employed for producing activated
carbon from various materials i.e. physical process

[33] and chemical process [34]. Studies observe that
activated carbon produced from chemical methods
using activating gents ZnCl2 [35], HCl [36], H3PO4
[37], KOH [38], K2CO3 [39], and HNO3 [40] in
an inert environment shows very good results.
Compared to other activating agents, H3PO4 displays
a remarkable effect in activated carbon surfaces
with higher porous structure, good surface area,
and a large number of binding sites [41]. Again,
activated carbon synthesis using H3PO4 has been
successfully applied in heavy metals removal [42],
dyes removal [37], organic compound removal [41],
and supercapacitor application [43] respectively.

In our work, we used the corn cob stems for the
synthesis of activated carbon, because it has high
heat value, good carbon content amount and easily
collected during corn grain harvest [44–47]. Every
year, a large amount of about 1.85 billion metric tons
of corn cob is produced and its stems are burned or
go to the dustbin without any use [48]. Hence, the
key goal in this study is to produce activated carbon
using corn cob stems and applied to remove MB dye
in the adsorption process. The structure, functional
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Fig. 2. XRD patterns of CCSAC.

groups, morphology, surface area chemical structure
and molecular interactions activated carbon was
studied by different instrumental technique. To
determine the ideal adsorption conditions, a number
of batch adsorption experiments were conducted.
The adsorption results were also well suited with
various isotherm and kinetics simulations for the
best understanding of the adsorption method. Lastly,
an adsorption mechanism has been proposed for MB
dye attachment on the surface of CCSAC.

2. Materials and methods

2.1. Materials

Himedia Chemicals, Mumbai, India supplied the
sodium hydroxide (NaOH), orthophosphoric acid
(H3PO4), and hydrochloric acid (HCl). The corn cob
stems were gathered from the market in Gunupur,
Odisha-765022, India. Methylene blue (C16H18ClN3S)
dye was taken from Sigma-Aldrich Chemicals (Ger-
many). Throughout the experimental analysis, double
distilled water was utilized.

2.2. CCSAC preparation

The activated carbon was prepared according to
previously reported work [49, 50]. In order to remove
contaminants and dust particles, the corn cob stems
were first cut into small pieces, dried for seven days in
sunlight and rinsed in water. Subsequently, the corn
cob stems remained oven-heated for 2 days and then
finely ground to powder form with a uniform size of
150 µm, followed by another 2 days in an oven at
85° C. This powder was put in conc. H3PO4 solution
in the weight ratio of 1:4 for 24 h [49, 50]. Then,
the acid-treated powder was rapidly passed through
a washing process up to neutral pH, and it stayed at
85° C for 72 h. Next, it was moved to the carboniza-
tion process in microwave technique at 900 W for
30 min under a nitrogen atmosphere. After that, the
formed material treated rapidly with distilled water
for several times and then heated at 80° C for 48 h
in an air oven. Finally, the obtained dried powder
was called corn cob stem activated carbon (CCSAC).
The preparation of CCSAC is graphically presented in
Scheme 1.
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Fig. 3. Raman spectrum of CCSAC.

Scheme 1. Preparation of CCSAC from corn cob stems in microwave process.

2.3. Batch adsorption studies

In the 100 mL polylab plastic bottles, MB dye solu-
tion (50 mL) was added with prerequisite amount of
adsorbent and stirred at 300 rpm in a rotary shaker.
After that, with the help of the centrifugation method
CCSAC was separated from the dye solution. The
individual solution parameters of dose (10–200 mg),
initial concentration (10–100 mg/L), pH (2–12), and
time (0–180 min) were measured for MB dye removal
using CCSAC adsorbent. All the batch experiments

conducted in this work have been repeated three
times to find the optimal conditions of MB dye ad-
sorption. The removal percentage of MB and CCSAC
adsorption capability were premeditated using the
Eqs. (1) and (2).

R(%) =
Co−Ce

Co
× 100 (1)

qe =
Co−Ce

W
×V (2)
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Fig. 4. Surface charge of CCSAC at different pH.

In the above equations, R and qe = MB dye re-
moval rate (%) and MB dye amount on the composite
surface (mg/g); W = weight of composite (g) and
and V = volume of MB dye solution (L); lastly Ce
and C0 = equilibrium and initial concentrations (both
mg/L) respectively.

2.4. Analytical methods

MB dye concentration dye was assessed in the a UV-
visible spectrophotometer (UV-Shimadhu 2450) at
663 nm. The phase structure of CCSAC was measured
with XRD equipment (RIGAKU JAPAN/ULTIMA-IV)
and supported to this, the Raman bands were rec-
ognized with Ranishawin Viarelex spectrometer. A
quanta chrome surface area analyser was realistic
for BET surface area and pore volume analysis. The
surface structure with elemental composition was de-
tected with an FESEM instrument (JSM-7800, Japan)
coupled with an EDS energy dispersive spectrometer.
The before and after adsorption CCSAC surface func-
tional groups were detected with the FTIR (Perkin
Elmer RX-I) instrument. Isoelectric point of CCSAC at
different pH values was studied using the ZEN3690,
Malvern UK, Zeta size Nano instrument.

Table 1. Details BET analysis of CCSAC.

Sample
BET surface
area (m2/g)

Average pore
size (nm)

Pore volume
(cm3/g)

NL 54.61 3.1 0.031

3. Results and discussions

3.1. Characterization of adsorbent

In adsorption study, the pore volume and surface
area are essential. Fig. 1 shows the CCSAC’s
nitrogen adsorption desorption curves. A type IV
isotherm curve was seen which agree with the
FESEM images of mesoporous nature of the CCSAC
respectively [51]. Table 1 shows the details of BET
parameter deliberated from the instrument. The
CCSAC adsorbent contained a defendable surface
area of 54.61 m2/g. This indicated that H3PO4
activation brings good results in the surface area.
Here. 0.031 cm3/g was the pore volume and 3.1 nm
was the pore diameter of the CCSAC respectively.
MB dye size is about 1.19 nm [52]; henceforth, it
could be easily deposited on the pores of CCSAC and
effectively removed from the solution.
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Fig. 5. FTIR bends of CCSAC (a) before and (b) after MB dye adsorption.

Fig. 2 depicts the XRD pattern of CCSAC. It could
be seen that two major peaks were observed at
24.28° and 43.08° corresponding to miller indices
002 and 100 respectively [53]. The peak at 24.28°
corresponded to the liquid phase associated with the
graphite structure and the peak at 43.08° character-
ized the crystal plane of the graphite structure of
activated carbon [54]. The peak observed at 24.28°
was broad and this broadness confirms that the pre-
pared CCSAC has a more disorder, that will ultimately
increase the surface’s adsorption binding sites. This
would be very advantageous for the MB dye adsorp-
tion. Hence, this further confirmed that activated car-
bon has been successfully formed from corn cob stem.

Raman spectrum represents the inner intermolec-
ular interaction and the consistent Raman bends of
CCSAC are displayed in Fig. 3. The respective bends
appeared on 1573 and 1355 cm−1 agreeing of G
and D bends in activated carbon respectively. This
activated carbon has benzene rings with sp2 and sp3

hybridized carbon atoms. The D bends present in
1356 cm−1 corresponded to C-C bond vibration of
sp2 hybridization and follow the E2g Raman active

vibration mode. Whereas the G bends at 1573 cm−1

connected the graphitic C-C connection of sp3

hybridization and it is a characteristic of A1g Raman
mode. This observation also confirms the successful
formation of activated carbon from corn cob stems.

The surface charge density of adsorbent shows
the major impact on adsorption process because of
its association with pH. Fig. 4 demonstrations the
charge density of CCSAC in different pH ranges.
The isoelectric point (pHIEP) was found at 6.4. From
this, we could say that greater percentage of MB dye
(positively charged) could be removed at higher pH
by electrostatic force of attraction with adsorbent
(negatively charged) respectively. As seen in the
figure, the CCSAC surface became more negative be-
tween pH 9, so maximum adsorption would be taking
place nearly in this higher pH range respectively.

Fig. 5 presents the FTIR bends of fresh and MB dye
absorbed CCSAC. From Fig. 3a, the peak at 3325 cm−1

was attributed to –OH stretching vibrations of
–COOH, -OH and phenol [53]. Other peak was seen
in 1566 cm−1 related to bending vibrations of -OH
functional groups present on the CCSAC surface.
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Fig. 6. FESEM with corresponding EDS image of CCSAC before (a, b) and after (c, d) adsorption.

Again, the 1219 cm−1 and 1373 cm−1 peaks was
attributed to the benzene rings C=C vibrations
[55]. One more bend was seen in the position of
1104 cm−1 was contributing the vibrations of C-O
in alcohol, phenol, and acid respectively [56]. After
adsorption (Fig. 3b) of MB dye, several shifting
and less intense bends were identified in the FTIR
spectrum of CCSAC. Respective peak of 3325 cm−1

diminished completely and the peak on 1566 cm−1

was moved to 1540 cm−1. Therefore, these shifting
and removal of bends ultimately established the
MB dyes attachment on the surface of CCSAC and
effectively eliminated from the aqueous solution.

Fig. 6 explains the surface structure and element
composition of fresh and MB dye loaded CCSAC.
From Fig. 1a, CCSAC possessed good porous structure
with numerous small holes which ultimately helpful
for MB dye adsorption. Fig. 1b shows the elemental
composition of CCSAC and it was observed that the K,

O, and C had been seen with a mass percentage ratio
of 10.66:22.12:67.23. After adsorption, substantial
variations were observed in the morphology of
CCSAC as shown in Fig. 1c. This alternation in
CCSAC morphology was mainly because of MB dye
attachment. Fig. 1d shows the presence of N, S, and
Cl along with the C, O, and K, which confirmed
that dye adsorbate was attached on the adsorbent.
The MB loaded CCSAC had elemental ratio of
69.40:21.00:6.28:2.72:0.38:0.21 for C: O: K: N: S: K
respectively.

3.2. Application for MB dye removal

3.2.1. Adsorbent dose studies
The removal rate in an adsorption process is highly

affected by the adsorbent dose as it directly affects
the adsorption process. Keeping other parameters like
pH, concentration, and time constant, adsorbent dose
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Fig. 7. Effect of adsorbent dose (a), initial concentration (b), contact time (c), and pH (d), on the MB dye removal.

batch study was carried out. The MB dye clearance
rate rise significantly from 15% to 93% when the
CCSAC dosage was changed from 10 mg to 200 mg
(Fig. 7a) [57]. The number of active binding sites is
closely correlated with the removal tendency. There-
fore, as the dosages of the adsorbent are increased,
the quantity of binding sites on the CCSAC surface
rises, leading to an enhanced the tendency for dye
removal. The optimum adsorbent dose was 150 mg
as after this a straight line was obtained and no sig-
nificant changes in MB dye removal efficiency.

3.2.2. MB dye concentration analysis
This dye concentration analysis was done in 150 mg

of adsorbent dose with different concentrations of MB
dye range from 10 mg/L to 100 mg/L (Fig. 7b). Here,
the MB dye removal rate progressively decreased
from 91% to 12% as the dye concentration rose from
10 mg/L to 100 mg/L. As the adsorbent dose was fixed
(i.e. 150 mg), a constant quantity of binding locations
was available on CCSAC surface. As the concentration
changed from lower to higher, in the solution the

amount of molecules of MB dye also increased. There-
fore, the experimental outcomes revealed that the
MB dye removal percentage declines with increasing
in concentration, whereas the surface’s binding sites
accessibility of CCSAC was higher at lower MB
concentration. The optimum MB dye concentration
was chosen at 10 mg/L for further analysis.

3.2.3. Contact time studies
Time is the foremost parameter that adversely

affects the adsorbent’s adsorption capability. It was
shown from the Fig. 7c that the rate of removal of MB
dye climbed with time, reaching a certain period and
after that, it showed a steady graph. With change in
time from 10 to 120 min, CCSAC was able to remove
from 23% to 97% and after that, it remained constant
up to 180 min. This indicated that first, the MB dye
molecules adsorbed on the pores and then diffused on
the surface, and after complete covering of the sur-
face, no further adsorption took place and remained
constant. The optimum contact time for this analysis
was 120 min, which was taken for further analysis.
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Fig. 8. Nonlinear Langmuir and Freundlich isotherm plot of MB dye removal.

3.2.4. pH analysis
An important component that adversely affects the

adsorbent’s affect the adsorbent’s removal tendency
is pH. Keeping other parameters like adsorbent dose
150 mg, time 120 min and concentration 10 mg/L
constant, pH analysis was conducted in the pH range
2 to 12 respectively. From Fig. 7d, it was noticed that
at pH 2, the CCSAC showed minimum adsorption
of MB dye. The tendency to remove increased from
16% to 95% when the pH value was raised from 2
to 12. The pHIEP of the CCSAC was 6.4 as obtained
from Fig. 5, below this pH value CCSAC surface has
positively charged and repelled positively charged
MB dye molecules, resulting in the decreased removal
rate [39]. However, at upper pH levels, interaction
of the positively charged MB dye with electrostatic
molecules and the surface that is negatively charged
had been occurred as a result of which the MB
removal rate increased up to the pH 10 and after that
it became constant.

3.3. Isotherm study

The experimental data was fitted to a variety
of isotherm models to better understand the
Methylene Blue (MB) dye adsorption mechanism
on the CCSAC surface. Among all the isotherms,
in this removal study, two familiar isotherms i.e.

Freundlich isotherms and Langmuir isotherms were
used. Adsorbate is formed as a single monolayer on
the adsorbent surface molecules in the Langmuir
isotherm model [58]. In other words, the surface of
the adsorbent contains a specific quantity of active
binding sites, and each binding site only absorbs
one molecule of the adsorbate. The heterogeneous
adsorbent surface is indicated as the multiple layers
forming on the surface of the adsorbent, as shown
by the Freundlich isotherm equation [59]. The
Freundlich and Langmuir isotherm model’s nonlinear
equations can be written as follows;

qe =
qmbCe

1+ bCe
(3)

qe = KFC1/n
e (4)

qm and qe represent the adsorbent’s equilibrium
and maximum absorption capabilities (mg/g); The
equilibrium concentration is Ce, while the hetero-
geneity factor, Freundlich constant, and the constants
n, b and KF represent the Langmuir coefficients.
Fig. 8 shows how the model was applied to the MB
dye removal data, and Table 2 lists the obtained
isotherm parameters. It was discovered that the
Langmuir model suited the experimental data more
accurately than the Freundlich model. The value of
the correlation coefficient for the Langmuir model
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Fig. 9. Nonlinear first and second-order kinetics of MB dye removal.

Table 2. Nonlinear Langmuir and Freundlich
isotherms parameter.

Langmuir isotherm Freundlich isotherm

qm(mg/g) 129.77 Kf (mg/g) 2.82
b(L/mg) 0.01 n 1.43
RL 0.86
R2 0.90 R2 0.86

was maximum i.e. R2 = 0.90 and the calculated
RL value was 0.86, this again confirmed suitable
fitted data to the Langmuir model. Therefore, a
monolayer of adsorbate was identically spread on the
equivalent binding sites of the CCSAC surface [56].
The highest amount of MB dye that can be adsorbed
on CCSAC surface has been found to 129.77 mg/g
respectively. The capacities for adsorption of other
waste materials prepared activated carbon to our
case study are compared in Table 3.

3.4. Kinetics study

To ascertain the rate of the adsorption process,
several kinetics models are employed in adsorption
analyses. The elimination of MB dye was evaluated
using two well-known kinetic models: pseudo first
order and pseudo second order. It defines the pseudo-
first-order reaction as a bimolecular reaction that is

Table 3. Uptake capacities of different activated car-
bon prepared from waste materials.

Adsorbents qm (mg/g) References

Pineapple waste 9.61 [60]
Pine cone 60.97 [61]
Coriandrum Sativum 94.9 [62]
Lychee seed 124.5 [14]
CCSAC 129.77 Present study

made to behave like physical adsorption [63]. Fur-
thermore, chemical adsorption is the foundation of
the pseudo-second-order kinetics model [64]. The
nonlinear equations for the pseudo first and second-
order kinetic models are expressed as follows:

qt = qe

(
1− e−k1t

)
(5)

qt =
q2

ek2t
1+ qek2t

(6)

In this context, t denotes time; the first-order equi-
librium constant is denoted by k1; k2 signifies the
second-order equilibrium constant; at equilibrium, qe
represents the uptake capacity, while qt refers to the
uptake capacity at time t. Fig. The first and second
order kinetics curves shown in Fig. 9, and Table 4
represents the corresponding kinetics factors. The
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Fig. 10. Possible adsorption mechanism of MB dye on CCSAC adsorbent surface.

Table 4. Kinetic parameters and correlation coefficients (R2) for
pseudo-first-order and pseudo-second-order kinetic models.

Pseudo-first-order Pseudo-second-order

qt (mg/g) K1 R2 qt (mg/g) K2 R2

37.57 0.027 0.943 46.45 0.006 0.953

pseudo-second-order model’s R2 value (0.953) was
greater than the pseudo-first-order model (0.943). It
confirmed that the MB dyes the removal of aqueous
solution on the surface of CCSAC was occurring by
chemical adsorption process [65]. Similar types of
chemical adsorption have been observed by other re-
searchers to remove metal ions and dye from aqueous
solution respectively [66, 67].

3.5. Adsorption mechanism

Fig. 10 represents the likely interaction between
MB dye and CCSAC. From FTIR studies (Fig. 3), it
was found that the alcohol, phenol, ether and acid
present on the CCSAC surface have peak of –OH func-
tional groups, which was shifted after adsorption and
frolicked a significant part in MB removal studies.

Isoelectric point or zero surface charge of the CCSAC
was 6.4. Above this pH, the negative surface of CC-
SAC interacted with the cationic dye i.e., MB by the
force of electrostatic attraction. MB dye molecules
have electronegative N and S atoms were forming
strong hydrogen bonds with the CCSACA’s -OH and
-COOH groups. The pi-pi interaction was occurred
between the π -bond of the fused hexagons layer of
CCSAC with the π -bond of benzene rings present in
MB dye respectively. Lastly, the CCSAC has numer-
ous mesopores which would directly fill up by MB
dye molecules and be removed from the solutions.
Hence, four types of mechanisms were occurring i.e.
hydrogen bonding, electrostatic force of attraction,
pi-pi interaction and pore filling. Similar types of
observation have been obtained by other scientists
confirming the above-suggested mechanism of our
work respectively [30, 68].

4. Conclusion

In our work, we have prepared the activated carbon
from corn cob stems by thermal heating microwaves
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technique using H3PO4 as an activating agent. The
formed CCSAC has a mesoporous structure having
the surface area of 54.61 m2/g. Our adsorption pro-
cess was again well established by different batch
adsorption experiments and 98% of MB dye was elim-
inated under batch conditions with a 10 mg/L of dye
concentration, pH 10, 150 mg of adsorbent dosage,
and 120 minutes of contact duration. The data from
the adsorption experiment aligned effectively con-
sidering the Langmuir isotherm model, revealing an
adsorption capability of up to 129.77 mg/g. Further-
more, with an R2 value of 0.953, our adsorption
finding was consistent with pseudo-second-order ki-
netics. The process by which the CCSAC absorbs
MB dye showed that there was an electrostatic force
of attraction, hydrogen bonding, π -π attraction and
pore filling respectively. Given the above analysis,
our prepared CCSAC is an excellent, productive, and
well-synthesized material to remove the MB dye from
the polluted water.
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characterization of activated carbon from hydrochar by hy-
drothermal carbonization of chickpea stem: an application in
methylene blue removal by RSM optimization. Int J Phytore-
mediation. 2022;24:88–100.

8. Ishak Z, Salim S, Kumar D. Adsorption of methylene blue and
reactive black 5 by activated carbon derived from tamarind
seeds. Trop Aquat Soil Pollut. 2022;2:1–12.

9. Bhattacharjee C, Dutta S, Saxena VK. A review on biosorp-
tive removal of dyes and heavy metals from wastewater
using watermelon rind as biosorbent. Environ Adv. 2020;2:
100007.

10. Suhaimi A, Abdulhameed AS, Jawad AH, et al. Production of
large surface area activated carbon from a mixture of carrot
juice pulp and pomegranate peel using microwave radiation-
assisted ZnCl2 activation: An optimized removal process and
tailored adsorption mechanism of crystal violet dye. Diam
Relat Mater. 2022;130:109456.

11. Ogunlusi GO, Amos OD, Olatunji OF, Adenuga AA. Equilib-
rium, kinetic, and thermodynamic studies of the adsorption
of anionic and cationic dyes from aqueous solution us-
ing agricultural waste biochar. J Iran Chem Soc. 2023;20:
817–830.

12. Yang F, Zhang J, Lin T, et al. Fabrication of waste pa-
per/graphene oxide three-dimensional aerogel with dual
adsorption capacity toward methylene blue and ciprofloxacin.
J Iran Chem Soc. 2022;20:801–816.

13. Aragaw TA, Alene AN. A comparative study of acidic, ba-
sic, and reactive dyes adsorption from aqueous solution onto
kaolin adsorbent: Effect of operating parameters, isotherms,
kinetics, and thermodynamics. Emerg Contam. 2022;8:59–74.

14. Sahu S, Pahi S, Tripathy S, et al. Adsorption of methy-
lene blue on chemically modified lychee seed biochar:
Dynamic, equilibrium, and thermodynamic study. J Mol Liq.
2020;315:113743.

15. Vakili A, Zinatizadeh AA, Rahimi Z, et al. The impact of
activation temperature and time on the characteristics and
performance of agricultural waste-based activated carbons for
removing dye and residual COD from wastewater. J Clean
Prod. 2023;382:134899.

16. Yaqub A, Syed SM, Ajab H, Zia Ul Haq M. Activated carbon
derived from Dodonaea Viscosa into beads of calcium-alginate
for the sorption of methylene blue (MB): Kinetics, equilibrium
and thermodynamics. J Environ Manage. 2023;327:116925.



AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 2 (2025) 35–48 47

17. Teixeira YN, de Paula Filho FJ, Bacurau VP, et al. Removal of
Methylene Blue from a synthetic effluent by ionic flocculation.
Heliyon. 2022;8:e10868.

18. Khan J, Lin S, Nizeyimana JC, et al. Removal of cop-
per ions from wastewater via adsorption on modified
hematite (α-Fe2O3) iron oxide coated sand. J Clean Prod.
2021;319:128687.

19. Teh CY, Budiman PM, Pui K, et al. Recent advancement
of coagulation-flocculation and its application in wastewater
treatment. Ind. Eng. Chem. Res. 2016;55:4363–4389.

20. Wijannarong S, Aroonsrimorakot S, Thavipoke P, et al. Re-
moval of Reactive Dyes from Textile Dyeing Industrial Effluent
by Ozonation Process. APCBEE Procedia. 2013;5:279–282.

21. Wu D, Li H, Pan G, et al. Sustainable superwetting mem-
brane for effective separation of oil–water emulsion and dye
removal. Sep Purif Technol. 2024;343:127084.

22. Zhu MX, Lee L, Wang HH, Wang Z. Removal of an anionic dye
by adsorption/precipitation processes using alkaline white
mud. J Hazard Mater. 2007;149:735–741.

23. Golob V, Vinder A, Simonič M. Efficiency of the coag-
ulation/flocculation method for the treatment of dyebath
effluents. Dye Pigment. 2005;67:93–97.

24. Sahoo JK. Removal of Dyes Using Various Organic Peel-based
Materials: A Systematic Review. 2022;11:3714–3727.

25. Hamidzadeh S, Torabbeigi M, Shahtaheri SJ. Removal of
crystal violet from water by magnetically modified activated
carbon and nanomagnetic iron oxide. J Environ Health Sci
Engineer. 2015;13:1–7.

26. Sahu UK, Mahapatra SS, Patel RK. Application of Box e
Behnken Design in response surface methodology for ad-
sorptive removal of arsenic from aqueous solution using
CeO2/Fe2O3/graphene nanocomposite. Mater Chem Phys.
2018;207:233–242.

27. Nabil M, Abbas M, Zaini A, Akmar Z. Preparation and charac-
terization of activated carbon from pineapple waste biomass
for dye removal. Int Biodeterior Biodegradation. 2015;102:274–
280.

28. Umesh AS, Puttaiahgowda YM, Thottathil S. Enhanced ad-
sorption: Reviewing the potential of reinforcing polymers
and hydrogels with nanomaterials for methylene blue dye
removal. Surfaces and Interfaces. 2024;51:104670.

29. Tawatbundit K, Mopoung S. Activated Carbon Preparation
from Sugarcane Leaf via a Low Temperature Hydrother-
mal Process for Aquaponic Treatment. Materials (Basel).
2022;15:2133.

30. Razali NS, Abdulhameed AS, Jawad AH, et al. High-Surface-
Area-Activated Carbon Derived from Mango Peels and Seeds
Wastes via Microwave-Induced ZnCl2 Activation for Adsorp-
tion of Methylene Blue Dye Molecules: Statistical Optimiza-
tion and Mechanism Nur. Molecules. 2022;27:6947.

31. Jawad AH, Saber SEM, Abdulhameed AS, et al. Mesoporous
activated carbon from mangosteen (Garcinia mangostana)
peels by H3PO4 assisted microwave: Optimization, character-
ization, and adsorption mechanism for methylene blue dye
removal. Diam Relat Mater. 2022;129:109389.

32. Jasri K, Abdulhameed AS, Jawad AH, et al. Mesoporous acti-
vated carbon produced from mixed wastes of oil palm frond
and palm kernel shell using microwave radiation-assisted
K2CO3 activation for methylene blue dye removal: Optimiza-
tion by response surface methodology. Diam Relat Mater.
2023;131:109581.

33. Olivares-Marín M, Fernández-González C, MacÍas-García A,
Gómez-Serrano V. Preparation of activated carbon from
cherry stones by physical activation in air. Influence of the

chemical carbonisation with H2SO4. J Anal Appl Pyrolysis.
2012;94:131–137.

34. Caturla F, Molina-Sabio M, Rodríguez-Reinoso F. Preparation
of activated carbon by chemical activation with ZnCl2. Carbon
N Y. 1991;29:999–1007.

35. Smedt De Smedt J, Maziarka P, Arauzo PJ, Ronsse F. Compar-
ative study on the effect of ZnCl2, a 60:20:20 mol % eutectic
of ZnCl2-NaCl-KCl and CO2 during activation of pinewood.
Biomass Convers Biorefinery. 2023;15:1251–1266.

36. Ayaz M, Shah SS, Younas M, et al. Green synthesis of activated
carbon from biomass waste of date palm seeds: A sustainable
solution for energy storage and environmental impact. J En-
ergy Storage. 2025;110:115291.

37. Jawad AH, Sahu UK, Mastuli MS, et al. Multivariable opti-
mization with desirability function for carbon porosity and
methylene blue adsorption by watermelon rind activated car-
bon prepared by microwave assisted H3PO4. Biomass Convers
Biorefinery. 2022;14:577–591.

38. Li P, Chen Y, Lin Y, et al. Research progress on the preparation
of high-value carbon materials by biomass pyrolysis. Biomass
and Bioenergy. 2025;193:2025.

39. Sahu UK, Tripathy S, Gouda N, et al. Eco-friendly neem
leaf-based activated carbon for methylene blue removal
from aqueous solution: adsorption kinetics, isotherms, ther-
modynamics and mechanism studies. J Iran Chem Soc.
2023;20:2057–2067.

40. Álvarez-Montero MA, Sanz-Santos E, Gómez-Avilés A, et al.
Lignin-based activated carbon as an effective adsorbent for
the removal of polystyrene nanoplastics: Insights from ad-
sorption kinetics and equilibrium studies. Sep Purif Technol.
2025;361:131380.

41. Fan M, Shao Y, Wang Y, et al. Evolution of pore struc-
ture and functionalities of activated carbon and phosphorous
species in activation of cellulose with H3PO4. Renew Energy.
2025;240:122151.

42. Juturu R, Vinayagam R, Murugesan G, Selvaraj R. Mesoporous
phosphorus-doped activated carbon from Acacia falcata:
Mechanistic insights into Cr(VI) removal, regeneration, and
spiking studies. Diam Relat Mater. 2025;153:112015.

43. Bhattarai DP, Aryal S, Mishra PK, et al. Exploring electrochem-
ical performance of Zanthoxylum armatum seed-derived acti-
vated carbon using phosphoric acid (H3PO4) for sustainable
energy storage applications. Carbon Trends. 2025;19:100467.

44. Kaåomierczak J, Nowicki P, Pietrzak R. Sorption properties of
activated carbons obtained from corn cobs by chemical and
physical activation. Adsorption. 2013;19:273–281.

45. Sun Z, Qu K, Cheng Y, et al. Corncob-derived Activated Carbon
for Efficiently Adsorption Dye in Sewage. ES Food Agrofor.
2021;61–74.

46. Medhat A, El-Maghrabi HH, Abdelghany A, et al. Efficiently
activated carbons from corn cob for methylene blue adsorp-
tion. Appl Surf Sci Adv. 2021;3:100037.

47. Putranto A, Ng ZW, Hadibarata T, et al. Effects of pyrolysis
temperature and impregnation ratio on adsorption kinetics
and isotherm of methylene blue on corn cobs activated car-
bons. South African J Chem Eng. 2022;42:91–97.

48. Okeke FO, Ahmed A, Imam A, Hassanin H. A review of
corncob-based building materials as a sustainable solution
for the building and construction industry. Hybrid Adv.
2024;6:100269.

49. Liao Z, Su HY, Cheng J, et al. CoFe2O4-mesoporous carbons
derived from Eucommia ulmoides wood for supercapacitors:
Comparison of two activation method and composite carbons
material synthesis method. Ind Crops Prod. 2021;171:113861.



48 AUIQ COMPLEMENTARY BIOLOGICAL SYSTEM 2 (2025) 35–48

50. Sahu UK, Tripathy S, Mohanty HS, Kar P. Effective adsorption
of Cr(VI) from aqueous solution by Mg-Fe LDH supported on
orange peel activated carbon: isotherm, kinetic, thermodyna-
mics and mechanism studies. Int J Phytoremediation. 2024;
1–14. https://doi.org/10.1080/15226514.2024.2427388.

51. KSW S, DH E, RAW H, et al. Reporting physisorption data for
gas/solid systems with special reference to the determination
of surface area and porosity. Pure Appl Chem. 1985;57:603–
619.

52. Spagnoli AA, Giannakoudakis DA, Bashkova S. Adsorption of
methylene blue on cashew nut shell based carbons activated
with zinc chloride: The role of surface and structural parame-
ters. J Mol Liq. 2017;229:465–471.

53. Ramutshatsha-Makhwedzha D, Mavhungu A, Moropeng ML,
Mbaya R. Activated carbon derived from waste orange and
lemon peels for the adsorption of methyl orange and methy-
lene blue dyes from wastewater. Heliyon. 2022;8:e09930.

54. Umesh AS, Puttaiahgowda YM, Thottathil S. Enhanced ad-
sorption: Reviewing the potential of reinforcing polymers
and hydrogels with nanomaterials for methylene blue dye
removal. Surfaces and Interfaces. 2024;51:104670.

55. Gupta SA, Vishesh Y, Sarvshrestha N, et al. Adsorption
isotherm studies of Methylene blue using activated car-
bon of waste fruit peel as an adsorbent. Mater Today Proc.
2022;57:1500–1508.

56. Yousef TA, Sahu UK, Jawad AH, et al. Fruit peel-based
mesoporous activated carbon via microwave assisted K2CO3
activation: Box Behnken design and desirability function
for methylene blue dye adsorption. Int J Phytoremediation.
2022;25:1142–1154.

57. Sahu S, Pahi S, Tripathy S, et al. Adsorption of methy-
lene blue on chemically modified lychee seed biochar:
Dynamic, equilibrium, and thermodynamic study. J Mol Liq.
2020;315:113743.

58. Langmuir I. The conctitution and fundamental properties of
solids and liquids. J Ameriacan Chem Soc. 1916;38:2221–
2295.

59. Freundlich H. User die adsorption in Losungen (adsorption in
solution). J Phys Chem. 1906;57:384–470.

60. Patel RK, Prasad R, Shankar R, et al. Adsorptive removal of
methylene blue dye from soapnut shell & pineapple waste
derived activated carbon. Int J Eng Sci Technol. 2021;13:
81–87.
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