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Methylene Blue Adsorption Kinetics Investigation
Coconut Shell Activated Carbon Adsorbent

b
U}éing Fractional Power, Avrami and Bangham
Models

Abdulghaffaar Assayyidi Yusuf, Abdulhalim Musa Abubakar, Muhammad Abdulrazak, Kamran Khan, and G.

Rajasekar

Abstract—Methylene blue is not easily biodegradable, and its persistence in water can contribute to long-term
contamination if not properly treated. Numerous adsorption kinetic study successes were achieved utilizing activated
carbons of coconut shell, especially the Pseudo-First and Pseudo-Second order models with little/no regards to the unique
behavior described by the Avrami, Bangham and the Fractional Power kinetic models. Herein, the parameters in those
models, such as k,y & nyy; Ky & a and; k & v, respectively, were determined to describe the sorption mechanism.
Avrami model fitting results in n,y = 0.72537 (< 1), suggesting a complex adsorption process which does not follow the
first-order Kkinetic; but a k4 of 0.24926 obtained, signifies a positive adsorption rate. A ‘v < 1’ obtained deviates from
the first-order but shows that the Fractional Power model best described the Coconut Shell- Activated Carbon Methylene
blue bio-sorption process at constant adsorption capacity of 15937.8 mg/g. Findings show that Bangham kinetic model
does not fit the experimental data for MB sorption from aqueous solution. MB exposure issues like gastrointestinal
discomfort, skin and eye irritation, and imbalances in the populations of various species in aquatic ecosystems due to
impacts on their growth, reproduction and survival, may be solved using a very effective adsorbent, such as the CS-AC

used here.
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NOMENCLATURE
FP Fractional Power.
RSM Response Surface Methodology.
MB Methylene Blue.
CS Coconut Shell.
AC Activated Carbon.

I. INTRODUCTION

In practice, researchers often choose a kinetic model based on
the observed behavior of the bio-sorption process and validate
the selection by comparing model predictions to experimental
data. Fractional Power (FP), Avrami, and Bangham bio-
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sorption kinetic models are three distinct approaches used to
describe the kinetics of bio-sorption processes. Amongst them,
a sigmoidal shape, making it suitable for bio-sorption processes
with a gradual decrease in the adsorption rate over time,
characterizes Bangham model. Avrami model incorporates an
exponential term in addition to a power-law term, offering
versatility in capturing a variety of bio-sorption mechanisms
(including surface adsorption and diffusion-controlled
processes) [1], [2]. On the other hand, the FP model uses a
power-law relationship with a fractional exponent [3],
providing flexibility in describing kinetics with non-integer
reaction orders. The appropriateness of a model depends on the
specific characteristics of the bio-sorption system under
investigation. While isotherm studies focus on equilibrium
conditions [4]-[8], describing the distribution of sorbate
between the bio-sorbent and the solution at a specific time,
kinetic studies visualize the rate at which sorption occurs over
time. Kinetic studies are often conducted first to understand the
fundamental behavior of the bio-sorption process. Once key
parameters are identified, response surface methodology
(RSM) can be employed for systematic optimization [9], [10].
In some cases, kinetic information can be integrated into the
optimization process. For example, kinetic constants derived
from experimental data can be used as input parameters in the
optimization model. Now, majority of the existing kinetics of
methylene blue (MB) removal from wastewater using coconut
shell (CS) activated carbon (AC) as adsorbent, as an example,
had already been studied. Backed only with an isotherm study,
Olafadehan et al. (2012) demonstrated the effectiveness of CS-
AC in treating brewery wastewater.

CS-AC is a low-cost adsorbent for wastewater purification
[12]-[15], also studied in a fixed bed column [16]-[18] and
sometimes, a two-stage adsorber (Wong et al., 2022). MB, a
synthetic dye with a distinctive blue color, is used in various
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industrial applications, including textile dyeing [20]-[22],
laboratory testing, and as a stain in medical and biological
procedures. While it serves its intended purposes, the presence
of MB in water can be a cause for concern due to several
reasons, including its toxicity, health risk and the loss of water
aesthetic quality. Adsorption [23], [24], chemical precipitation,
advanced oxidation processes and biological treatment are
major MB removal techniques. Thus, variants of the coconut
parts or its derivative have also been applied in several sorption
processes involving CS. As such variants or derivative, one has
shell [25], charcoal [26]-[27], choir [28]-[31], fiber (Al-Aoh et
al., 2016; Zhang et al., 2018), AC [34]-[35], dreg [36], leaves
[371-[39], tree bark [40], spent grated coconut [41],
coating/modifications [42]-[45], hydrochar [46], biochar [47]
and additives [48]- [49]. In addition, the removal of other dye
types from water had been examined using CS [50], [51].

Study conducted by Shah & Parmar (2018) show that AC
derived from CS has 5.5 pH, 2% moisture content, 10.7% ash
content, 0.5 g/cm3 bulk density, 1227 mg/g iodine number, 249
mg/g MB number and 936 m?/g specific surface area. Also,
optimization of operating variables for the production of AC
from CS was investigated by Liang et al. (2020), reporting a
lesser iodine value of 698.37 mg/g. None among published
articles between 2000-2024 employed the FP, Bangham and the
Avrami kinetic model to explain the adsorption mechanism of
MB dye by CS-AC. However, Pseudo First order, Pseudo
Second order [30], [38], [54]-[56], Weber & Morris intra-
particle diffusion [57]-[60], Natarajan & Khalaf, Bhattachara
& Venkobachar [61], Bangham [62], [63], Mekay et al. and the
liquid film diffusion [62] kinetic had been studied for this
particular adsorbent and adsorbate.

This study wishes to estimate the kinetic parameters from the
three models described, to study the behavior of the adsorbent
at 10, 20, 30, 40, 50 and 60 mins contact time. Previously,
Khuluk et al. (2019) carried similar study at 40, 60 and 80 min
equilibrium time, but studied the isotherm only. Abdullah et al.
(2017), Ismail et al. (2015) and Foo & Hameed (2012) studied
the effect of acid and/or base treatment to MB sorption using
CS-AC and; Yasin et al. (2007) and Gimba et al. (2000)
investigated the adsorption of MB unto potassium hydroxide
treated CS-AC and iron and calcium chloride activated
powdered CS-AC, respectively.

Thermodynamic studies previously conducted [70], highlights
the energy requirements during MB adsorption using variety of
CS parts. Though, the present study is only interested in MB
removal from aqueous solution, it suffices and will serve as a
guide towards carrying out similar studies on plastic industry,
tannery, cosmetic industry, photographic, laboratory, printing,
paper, pharmaceutical, dye manufacturing and leather industry
wastewaters, which may contain the dye. Thus, the order and
mechanism of the adsorption process may be understood,
contribution of the 3 different kinetic models to the overall
adsorption behavior is assessed and process conditions for
efficient removal of MB from aqueous solutions can be
optimized.

II. METHOD
A. Process Condition

Procedure for the adsorption of MB unto CS-AC were set, as
shown in Table 1. Method followed in the preparation of AC
from CS in this study, was partly in accordance with Shaheed
etal. (2015), Das et al. (2015), Sulyman & Sulyman (2018) and
Rangari & Chavan (2017).
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Table 1: Bio-sorption Process Conditions

Condition Measurement
CS-AC Dosage 0.2¢g

Contact Time 10-60 min
Temperature 303 K (30°C)
Initial MB Concentration 100 mg/L
Agitation Speed 250 rpm
Volume of Solution S0L

AC Particle Size 63-125um

Activating agent used was sodium hydroxide (NaOH), as
described in Mercileen et al. (2023), Cazetta et al. (2011) and
Chong & Tam (2020). During MB adsorption by CS-AC, Wong
et al. (2013) utilized a particle size of 150 um larger than the
size employed in this study.

B. Model Fitting

Constant parameters in Bangham model (Equation 1) [63],
Avrami (Equations 2 & 3) [78], [79] and the FP kinetic model
(Equations 4 & 5) [2] were determined using experimental
kinetic variables in Table 2.

Ci _ Kf M
Loglog (Ci—qt M) = log (2.303 V) +alogt M
qc = qel1 — exp(—k,y t"4V)] (2)
ln [ln (qeq_eqt)] = Nyy ln kAV + Nay ln t (3)
qc = kt” “)
logq, =logk + vlogt 6)

Where, C; = initial concentration of dye solution (mg/L), V =
volume of dye solution (L), M = mass of CS adsorbent (g), q;
= quantity of dye adsorbent at time, t (mg/g), & (< 1) and K =
constants obtainable from slope and intercept of Equation 1,
respectively. kyy = Avrami adsorption kinetic constant
(min~"4v), n,, = Avrami model exponent of time related to
the change in mechanism of adsorbent. k = FP rate constant,
and v = constant that is usually less than unity if adsorption
kinetic data fits well into power function model. Unknown
parameters were determined by plotting relevant variable/term
data in Table 2 based on the linearized form of the Bangham
(Equation 1), Avrami (Equation 3) and the FP (or Equation 5)
model. However, before any other step, the maximum
adsorption capacity of CS-AC for MB, g, (mg/g) was
determined by running a user-defined regression analysis in
Origin Pro 2018 using Equation 2 (a nonlinear model). Initial
guesses for q,, k,y and n,, was made to allow the statistical
analysis software estimate their new set of value based on good
fit or high coefficient of determination (R?) of the predicted and
experimental g, vs. contact time plot. Linear version of the
depiction is re-illustrated using Equation 3 and comparison was
made as to the best kinetic parameter estimated between
nonlinear method of solution and graphical/linear results.

Thus, a plot of In [ln (q ng
e~ 4t

taken/using g, value obtained from regression analysis.
Relevant graphical representation was also produced to analyze
the Bangham and FP model. Essentially, g, was calculated
using Equation 6 [80]-[83].

)] againt Int was carried out,

_ Ci=Ce)v
M

Q)

t

Where, M, C;, C, and V are as defined earlier.
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Table 2: Axis Data for Parameter Determination
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t (min) C, (mg/L) q,(mg/g) q; (mg/g) Int

In [in (qe‘f’ q)]

log t
Prdct.
Expt. Expt. Prdct.
10 68.52 7870 11699.01 2.3025851 -0.38447 0.280967 3.895975
20 41.61 14597.5 14153.55 2.9957323 0.906554 0.783756 4.164278
30 383 15425 15093.93 34011974 1.234452 1.077868 4.188225
40 38.02 15495 15511.09 3.6888795 1276271 1.286544 4.190192
50 37.82 15545 15711.93 3.912023 1.309159 1.448405 4.191591
60 36.72 15820 15814.08 4.0943446 1.590695 1.580656 4.199206
C.
t (min) log t q. x 103 (mg/g) log g, Loglog (m)
i t

10 1 7.87 3895975 216177

20 1.30103 14.5975 4164279 ~1.89049

30 1.47712 15.425 4188295 ~1.86617

40 1.60206 15.495 4190192 ~1.86418

50 1.69897 15.545 4191591 ~1.86275

60 1.77815 15.82 4199207 ~1.85502

III. RESULTS AND DISCUSSION

A. Avrami Model Parameters

Figure la was obtained as a result of defining the Avrami
kinetic model as a user-defined model in Origin Pro by
selecting the Orthogonal Distance Regression (Pro) iteration
algorithm. For the linearized plot (Figure 1b), q, must be
known and is cautiously taken from nonlinear regression
conducted.
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Figure 1: Avrami Kinetic Parameter from (a) Nonlinear Regression and (b)
Graphical Method

Normally, when In [ln (qeqe

)] is plotted against Int for the

—qe
Avrami biosorption kinetic model, a straight line with a slope
equal to the Avrami exponent ‘ny,’ and a y-intercept equal to
Int is obtained [84]. Similarly, using the experimental and

predicted In [ln( de

de—qt
calculated from straight-line equations shown in Figure 1b. The
Avrami parameter values for the adsorption of MB by CS-AC
adsorbent is shown in Table 3.

)] data, new sets of k,, and n,, can be

Table 3: Avrami MB Adsorption Kinetic Parameters

Parameter Nonlinear Method  Graphical Method
Predicted Data Experimental
Data
q. (mg/g) 15937.83593 15937.83593 15937.83593
kay (%) 0.24926 3964.522 0.089377
N4y 0.72537 0.0249 1.0046
R? 1.0000 0.9363 0.8861

*Unit depends on the unit of time

9e
de—qt
almost perfect fit (R? = 0.9363) than the experimental data with
R? = 0.8861, for similar actual and predicted g, = 15937.84
mg/g. Often, the graphical method of finding kinetic parameters
utilizes experimental x- and y-axis data and not the predicted
ones. As such, Avrami parameters obtained following the
nonlinear and experimental data are close. Value of k,, =
3964.522 obtained from the use of predicted data graphical
method is too high and odd, even though the fit is better. It does
not satisfy the corresponding value of ny, = 0.0249 obtained,

As expected, predicted In [ln( )] values vs. Int gives an

because normally, if n,, = 0 or = 0, the plot of In [ln (q qeq )]
e~ 4t

against Int will be a horizontal line with a slope of zero.

Therefore, natural logarithm of the ratio . qeq remains constant
e~ 4t

with time. This suggests that the biosorption process follows a
zero-order reaction, where the rate of the reaction is
independent of the concentration of the MB. The adsorption
occurs at a constant rate until equilibrium is reached. This
observation strikes out estimates form the predicted data
obtained graphically, leaving the experimental graphical result
and the nonlinear regression estimates. Researchers will find
the R ‘PUPAK Package’ containing model fitting functions for
linear and non-linear adsorption kinetic and diffusion models
developed by Magalong et al. (2022), a better and easier way of
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predicting bio-sorption kinetic parameters in the future. Since
the Orthogonal Distance Regression algorithm gives a higher
R? value of unity, implying a better fit compared to the
experimental graphical parameters in Table 3, it may be
adopted as the most accurate Avrami parameter values for MB
CS-AC bio-sorption. If ng, = 1 in the Avrami model, the plot

of In [ln (Qeq_th

= k,y, and this suggests first-order kinetics in the Avrami
model, almost in agreement with n,, = 1.0046 obtained
empirically. But ng, < 1 for this study, suggests a complex
adsorption process that does not strictly follow first-order
kinetics, as obtained via regression. When ny, = 2, it is a
second-order reaction. Rate constant (k,, = 0.24926 min="Av)
reflects the speed of the MB adsorption process, where a
positive value, indicates a positive rate of adsorption. In a study
conducted by Kuete et al. (2020), k4, = 0.213 min~! closer to
this study and n,, = 0.562 was realized during thymol blue
adsorption by Garcinia cola nut shells.

)] against In t will be a straight line with a slope

B. Fractional Power Kinetic Parameters

k and v FP kinetic parameters, as determined using the
nonlinear FP model (or Equation 4) and the linearized model
(or Equation 5) also explains the behaviour of the CS-AC
biosorbent.

18000
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Figure 2: FP Model Parameter Determination by (a) Regression and (b)
Graphical Method

The fact that ‘v’ < 1 [86], implies that the adsorption kinetic
data determined via the two approaches in Table 4, fits well into
the power function model. However, since R? is higher, as
observed under the graphical technique (0.7405), the
corresponding k and v values at which it occurs is the most
accurate prediction.
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Table 4: Estimated FP Model Parameters

Parameter Nonlinear Technique Graphical Technique
k (mg/g min) 5390.83675 4090.722

v 0.27972 0.3566

R? 0.70377 0.7405

Important derivations from this analysis are as follows: (1) the
adsorption of MB on CS-AV follows a FP kinetic model,
indicating a deviation from classical first-order kinetics, (2)
adsorption rate (k) is relatively high, suggesting a rapid
adsorption process and (3) the model moderately fits the
experimental data (R? values around 0.7). Generally, a value of
v between 0 and 1 suggests fractional-order kinetics, as
obtained in Kuete et al. (2020) and Mozaffari et al. (2020). The
higher the value of v, the more the kinetics deviate from
classical first-order kinetics. Here, both techniques provide
similar values for v, indicating a fractional-order adsorption
process. In addition, a higher k value points to faster adsorption
rate. In that case, the following assumptions of the FP model
are satisfied:

(1) A homogeneous system where the concentration of MB is
uniform throughout the CS-AC.

(2) A single-component adsorption based on the assumption
that only MB is involved in the process.

(3) A constant temperature (in this case, 30°C) throughout the
bio-sorption process,

(4) No external mass transfer resistance from the bulk solution
to the CS-AC surface.

(5) The model assumes well-defined initial conditions (Table 1)
for the process.

(6) A negligible effect between MB molecules on the CS-AC
surface.

C. Bangham Kinetic Parameters

It is discovered that g, data in Table 2 are too large to give a
Ci
Ci—qt M
the re-scaled value used to estimate the Bangham model kinetic

Ci
Ci—qt

meaningful value of Log log( ) Hence, g, X 103 was

parameters. So, a plot of Log log( M) against logt is

shown in Figure 3.
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Figure 3: Bangham Kinetic Plot for MB Biosorption via CS-AC

Ci
Ci—qe M
as expected, showing that the Bangham model is not an
appropriate description of the adsorption kinetics in this system.
Kavitha & Namasivayam (2007) obtained a perfect linear plot
at 35°C using coconut coir as adsorbent to remove MB, as also
realized in Inyinbor et al. (2016) at R?> > 0.9 using a different
adsorbate-adsorbent system. The model parameters in question
(Table 5) were then computed from slopes and intercepts of
Equation 1 plotted.

Even so, the plot of Log log ( ) against log t is not linear
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Table 5: Bangham Kinetic Parameters for MB Sorption using CS

Parameter Value

K¢ 2.045662
a 0.3608
R2 0.7408

Rate constant, K associated with the Bangham kinetic model
is dependent on the order of the reaction while a represent the
fractional attainment of equilibrium or the proportionality
between the rate of adsorption and the driving force. Specific
range of Ky values considered "high" or "low" is context-
dependent and can vary for different adsorbate-adsorbent
systems. Researchers may compare K; values with those
obtained for other adsorbate-adsorbent systems or under
different conditions to assess relative adsorption rates; such as
in Kavitha & Namasivayam (2007). Prajapati & Mondal (2020)
obtained Ky = 2.35 and @ = 0.74 at 100 mg/L MB (; sorbed by
modified CS. An @ = 0 can be interpreted as the initial stage of
adsorption where the process has not yet reached equilibrium.
Values within the range: 0 < a < 1 may suggest that the
adsorption process is reaching equilibrium, and the
dimensionless @ = 0.3608 represents the fraction of equilibrium
attained. And lastly, @ = 1 indicate complete attainment of
equilibrium. R? measures how well the experimental data fits
the Bangham kinetic model and an R? of 0.7408 infer a
reasonable fit. Overall, the occurrence of undefined logarithmic
terms can suggest that the model fit may not be appropriate for
the entire adsorption process and the g, X 103 values resulting
in Figure 3 are just exploratory. That is, the Bangham
assumption that the rate of adsorption is directly proportional to
the number of available adsorption sites on the adsorbent
material or first-order kinetics is not satisfied. Other
assumptions similar with ‘1’ and ‘3’ in FP model is also in
agreement. In addition, the model assumes that the rate of
adsorption remains constant throughout the adsorption process.
This is a simplification, and in reality, the adsorption rate might
change as the CS-AC bio-sorbent becomes saturated.

IV. CONCLUSION

Moderate success had been achieved in finding the best kinetic
model amongst Avrami, FP and Bangham models, that
describes the adsorption of MB from aqueous solution using
CS-AC. For thorough and accurate representation of the
reaction kinetics, reaction order from Bangham () and Avrami
model (ny,) were determined in the process via nonlinear
regression or graphical method, as appropriate. It was
discovered that very large q, obtained in this study is not
supported by the Bangham kinetic model and when it was re-
scaled for ease of interpretation, an a value of 0.3608 described
MB CS-AC system as an adsorption process approaching
equilibrium. In this study, FP best describe the sorption of MB,
favored by k = 4090.722 mg/g min, v = 0.3566 and R? =
0.7405. The Avrami nonlinear parameter estimate also suggest
that the empirical data fits the model prediction. The analysis
result almost abides by the assumptions of both FP and Avrami
models. To know whether the bio-sorption is pore diffusion
dependent at the particle size range (63-125um) exploited, the
intra particle diffusion kinetic model may be used. Elovich,
Boyd and the general order biosorption kinetics is still not
investigated for MB removal using CS adsorbent.
REFERENCES

[1]  J. R. Magalong, J. DelaCruz, J. Bumatay, and C. Deocaris, “Parameter
estimation, and plot visualization of adsorption kinetic models: Package

‘PUPAK.”” pp. 1-30, 2022, [Online]. Available: https://cran.r-
project.org/web/packages/PUPAK/PUPAK .pdf.

[2]

[3]

(4]

[3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

27

0. A. Olafadehan, V. E. Bello, K. O. Amoo, and A. M. Bello,
“Isotherms, kinetic and thermodynamic studies of methylene blue
adsorption on chitosan flakes derived from African giant snail shell,”
African J. Environ. Sci. Technol., vol. 16, no. 1, pp. 37-70, 2022, doi:
10.5897/AJEST2021.3065.

A. R. Netzahuatl-Muifioz, M. del C. Cristiani-Urbina, and E. Cristiani-
Urbina, “Chromium biosorption from Cr(VI) aqueous solutions by
Cupressus lusitanica Bark: Kinetics, equilibrium and thermodynamic
studies,” PLoS One, vol. 10, no. 9, pp. 1-23, 2015, doi:
10.1371/journal.pone.0137086.

Amrutha, G. Jeppu, C. R. Girish, B. Prabhu, and K. Mayer,
“Multi-component adsorption isotherms: Review and modeling studies,”
Environ. Process., vol. 10, no. 38, pp. 1-52, 2023, doi: 10.1007/s40710-
023-00631-0.

N. Ayawei, A. N. Ebelegi, and D. Wankasi, “Modelling and
interpretation of adsorption isotherms,” J. Chem., vol. 2017, no.
3039817, pp. 1-12, 2017, doi: 10.1155/2017/3039817.

D. P. Samal, “Characterization and study of adsorption of methylene
blue dye using activated carbon,” Bachelor of Technology (Chemical
Engineering)-National Institute of Technology (NIT), Rourkela, 2014.
F. O. Okeola and E. O. Odebunmi, “Comparison of Freundlich and
Langmuir isotherms for adsorption of methylene blue by agrowaste
derived activated carbon,” Adv. Environ. Biol., p. 329+, 2010, [Online].
Available:
link.gale.com/apps/doc/A252944760/AONE?u=anon~1e5d5ac0&sid=g
oogleScholar&xid=a88a7c3d.

F. O. Okeola and E. Odebunmi, “Freundlich and Langmuir isotherms
parameters for adsorption of methylene blue by activated carbon derived
from agrowastes,” Adv. Nat. Appl. Sci., vol. 4, no. 3, pp. 281-288, 2010,
[Online]. Available:
https://www.researchgate.net/publication/283774009.

I. A. W. Tan, A. L. Ahmad, and B. H. Hameed, “Optimization of
preparation conditions for activated carbons from coconut husk using
response surface methodology,” Chem. Eng. J., vol. 137, pp. 462-470,
2008, doi: 10.1016/j.cej.2007.04.031.

E. Danso-Boateng, M. Fitzsimmons, A. B. Ross, and T. Mariner,
“Response surface modelling of methylene blue adsorption onto
seaweed, coconut shell and oak wood hydrochars,” Water, vol. 15, no.
977, pp. 1-25, 2023, doi: 10.3390/w15050977.

O. A. Olafadehan, O. W. Jinadu, L. Salami, and O. T. Popoola,
“Treatment of brewery wastewater effluent using activated carbon
prepared from coconut shell,” Int. J. Appl. Sci. Technol., vol. 2, no. 1,
pp. 165-178, 2012, [Online]. Available: https://www.ijastnet.com.

B. N. Shelke, M. K. Jopale, and A. H. Kategaonkar, “Exploration of
biomass waste as low cost adsorbents for removal of methylene blue dye:
A review,” J. Indian Chem. Soc., vol. 99, no. 7, 2022, doi:
10.1016/j.jics.2022.100530.

M. A. Mohammed, A. Shitu, and A. Ibrahim, “Removal of methylene
blue using low cost adsorbent: A review,” Res. J. Chem. Sci., vol. 4, no.
1, pp. 91-102, 2014, [Online]. Available: http://www.isca.me.

R. Karthik, R. Muthezhilan, A. J. Hussain, K. Ramalingam, and V.
Rekha, “Effective removal of methylene blue dye from water using three
different low-cost adsorbents,” Desalin. Water Treat., vol. 57, no. 23, pp.
10626-10631, 2015, doi: 10.1080/19443994.2015.1039598.

P. K. Mondal, R. Ahmad, and R. Kumar, “Adsorptive removal of
hazardous methylene blue by fruit shell of Cocos nucifera,” Environ.
Eng. Manag. J., vol. 13, no. 2, pp. 231-239, 2014, doi:
10.30638/eem;j.2014.026.

E. Salehi, M. Askari, A. Azizi, and A. Barati, “Comparison of fixed-bed
properties of walnut shell and coconut shellbased activated carbons for
dynamic adsorption of methylene blue,” in 5th International Conference
on Recent Innovations in Chemistry and Chemical Engineering [[CCCE
February 2018], Tehran, Iran, 2018, pp. 1-10, [Online]. Available:
https://www.iccce.ir.

C. Sarici-Ozdemir, “Removal of methylene blue by activated carbon
prepared from waste in a fixed-bed column,” Part. Sci. Technol., vol. 32,
no. 3, pp. 311-318, 2014, doi: 10.1080/02726351.2013.851132.

H. C. B. Man, C. O. Akinbile, and C. X. Jun, “Coconut husk adsorbent
for the removal of methylene blue dye from wastewater,” Bioresources,
vol. 10, no. 2, pp. 2859-2872, 2015, doi: 10.15376/biores.10.2.2859-
2872.

A. C. W. Wong, S. Lawal, and M. A. A. Zaini, “Optimizing the two-
stage adsorber of NaOH-activated coconut shell carbon for methylene
blue removal,” Int. J. Chem. React. Eng., vol. 20, no. 9, pp. 903-910,
2022, doi: 10.1515/ijere-2021-0220.

A. Tagade, S. R. Geed, K. B. Samal, and C. Engineering, “Treatment of
textile dye methylene blue using coconut adsorbent,” Int. Res. J. Eng.
Technol., vol. 6, no. 8, pp. 1239-1242, 2019, [Online]. Available:
www.irjet.net.

A. M. Aljeboree, A. N. Alshirifi, and A. F. Alkaim, “Kinetics and
equilibrium study for the adsorption of textile dyes on coconut shell
activated carbon,” Arab. J. Chem., vol. 10, no. 2, pp. S3381-S3393,
2017, doi: 10.1016/j.arabjc.2014.01.020.



28

[22]

[23]

[24]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[39]

[40]

[41]

[42]

A. A Yusuf et al.: Methylene Blue Adsorption Kinetics Investigation by Coconut Shell Activated Carbon Adsorbent

T. Khan and M. Chaudhuri, “Comparison of adsorption behaviour of
coconut coir activated carbon and commercial activated carbon for
textile dye,” WIT Trans. Ecol. Environ., vol. 148, no. 12, pp. 105-116,
2011, doi: 10.2495/RAV110111.

A. Xavier, J. G. Rajan, D. Usha, and R. Sathya, “Removal of methylene
blue by adsorption process - A comparative study,” Mater. Sci. Forum,
vol. 699, Pp- 245-264, 2011, doi:
10.4028/www.scientific.net/MSF.699.245.

V. Yesuratnam, D. Meghavathu, and R. P. Sree, “Removal of methylene
blue from aqueous solution using coconut shell powder,” iManager’s J.
Futur. Eng. Technol., vol. 7, no. 2, pp. 25-33, 2012, [Online]. Available:
https://www.proquest.com/openview/.

M.Y.ChongandY.J. Tam, “Bioremediation of dyes using coconut parts
via adsorption: a review,” SN Appl. Sci., vol. 2, no. 2, pp. 1-16, 2020,
doi: 10.1007/s42452-020-1978-y.

S. Srisorrachatr, P. Kri-arb, S. Sukyang, and C. Jumruen, “Removal of
basic dyes from solution using coconut shell charcoal,” Fifth Int. Multi-
Conference Eng. Technol. Innov. 2016 (IMETI 2016), vol. 119, no.
01019, pp. 1-6, 2017, doi: 10.1051/matecconf/201711901019.

N. Prasoetsoph, I. Soonsook, A. Panyayaw, P. Nanon, W. Singsang, and
L. Sittitanadol, “Adsorption of methylene blue and ferrous metal solution
by using coconut shell charcoal,” J. Mater. Sci. Appl. Energy, vol. 12,
no. 2, pp. 1-6, 2023, doi: 10.55674/jmsae.v12i2.248672.

Y. C. Sharma and S. N. Upadhyay, “Removal of a cationic dye from
wastewaters by adsorption on activated carbon developed from coconut
coir,” Energy & Fuels, vol. 23, pp. 2983-2988, 2009, doi:
10.1021/ef9001132.

J. D. S. Macedo et al., “Kinetic and calorimetric study of the adsorption
of dyes on mesoporous activated carbon prepared from coconut coir
dust,” J. Colloid Interface Sci., vol. 298, pp. 515-522, 2006, doi:
10.1016/j.jcis.2006.01.021.

U. J. Etim, S. A. Umoren, and U. M. Eduok, “Coconut coir dust as a low
cost adsorbent for the removal of cationic dye from aqueous solution,”
J. Saudi Chem. Soc., vol. 20, pp. S67-S76, 2016, doi:
10.1016/j.jscs.2012.09.014.

S.-A. Ong, L.-N. Ho, Y.-S. Wong, and A. Zainuddin, “Adsorption
behavior of cationic and anionic dyes onto acid treated coconut coir,”
Sep. Sci. Technol., vol. 48, no. 14, pp. 2125-2131, 2013, doi:
10.1080/01496395.2013.792839.

H. A. Al-Aoh et al., “Optimization of conditions for preparation of
activated carbon from coconut husk fiber using responses from
measurements of surface area and adsorption,” Asian J. Chem., vol. 28,
no. 4, pp. 714-724, 2016, doi: 10.14233/ajchem.2016.19373.

L. Zhang et al., “Coconut-based activated carbon fibers for efficient
adsorption of various organic dyes,” RSC Adv., vol. 8, pp. 42280—
42291, 2018, doi: 10.1039/C8RA08990F.

V. E. Efeovbokhan et al., “Preparation and characterization of activated
carbon from plantain peel and coconut shell using biological activators,”
in International Conference on Engineering for Sustainable World-
Journal of Physics: Conference Series, 2019, vol. 1378, no. 032035, pp.
1-15, doi: 10.1088/1742-6596/1378/3/032035.

0. Edokpayi, O. Osemwenkhae, B. V Ayodele, J. Ossai, S. A. Fadilat,
and S. E. Ogbeide, “Batch adsorption study of methylene blue in aqueous
solution using activated carbons from rice husk and coconut shell,” J.
Appl. Sci. Environ. Manag., vol. 22, no. 5, pp. 631-635, 2018, doi:
10.4314/jasem.v22i5.4.

H. Shukor, A. Z. Yaser, N. F. Shoparwe, M. M. Z. Makhtar, and N.
Mokhtar, “Biosorption study of methylene blue (MB) and brilliant red
remazol (BRR) by coconut dregs,” Int. J. Chem. Eng., vol. 2022, no.
8153617, pp. 1-11, 2022, doi: 10.1155/2022/8153617.

A. H. Jawad et al., “Microwave-assisted preparation of mesoporous
activated carbon from Coconut (Cocos nucifera) leaf by H3PO4-
activation for methylene blue adsorption,” Chem. Eng. Commun., pp. 1—
48,2017, doi: 10.1080/00986445.2017.1347565.

R. Abd Rashid, A. H. Jawad, M. A. M. Ishak, and N. N. Kasim, “FeCl3-
activated carbon developed from coconut leaves: Characterization and
application for methylene blue removal,” Sains Malaysiana, vol. 47, no.
3, pp. 603-610, 2018, doi: 10.17576/jsm-2018-4703-22.

A. H. Jawad, R. Abd Rashid, R. M. A. Mahmoud, M. A. M. Ishak, N. N.
Kasim, and K. Ismail, “Adsorption of methylene blue onto coconut
(Cocos nucifera) leaf: optimization, isotherm and kinetic studies,”
Desalin. Water Treat., pp- 1-15, 2015, doi:
10.1080/19443994.2015.1026282.

S. Parvin, W. Rahman, I. Saha, J. Alam, and M. R. Khan, “Coconut tree
bark as a potential low-cost adsorbent for the removal of methylene blue
from wastewater,” Desalin. Water Treat., vol. 146, pp. 385-392, 2019,
doi: 10.5004/dwt.2019.23598.

K. Khalid, M. A. K. M. Hanafiah, W. K. Azira, and W. M. Khalir,
“Effect of physicochemical parameters on methylene blue adsorption by
sulfuric acid treated spent grated coconut,” Appl. Mech. Mater., vol.
752753, pp. 71-76, 2015, doi: 10.4028/www.scientific.net/ AMM.752-
753.71.

L. Wu, X. Zhang, J. A. Thorpe, L. Li, and Y. Si, “Mussel-inspired
polydopamine functionalized recyclable coconut shell derived carbon
nanocomposites for efficient adsorption of methylene blue,” J. Saudi

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

(o1]

[62]

Chem. Soc., vol. 24, no. 8, pp. 642-649, 2020, doi:
10.1016/j.jscs.2020.07.002.
L. Wu, X. Zhang, and Y. Si, “Polydopamine functionalized

superhydrophilic coconut shells biomass carbon for selective cationic
dye methylene blue adsorption,” Mater. Chem. Phys., vol. 279, no.
125767, 2022, doi: 10.1016/j.matchemphys.2022.125767.

P. C. V Regunton, D. Sumalapao, and N. R. Villarant, “Biosorption of
methylene blue from aqueous solution by coconut (Cocos nucifera)
shell-derived activated carbon-chitosan composite,” Orient. J. Chem.,
no. 34, pp. 115-124, 2018, doi: 10.13005/0JC/340113.

N. A. Abdullah, P. S. Abdullah, M. F. M. Amin, and N. A. Zainol,
“Application of magnetic coconut shell-derived biocarbon for methylene
blue removal,” in Proceedings of The 2nd International Conference On
Advance And Scientific Innovation [ICASI 2019, 18 July], Banda Aceh,
Indonesia, 2019, pp. 1-8, doi: 10.4108/eai.18-7-2019.2288485.

A. Islam, M. J. Ahmed, W. A. Khanday, M. Asif, and B. H. Hameed,
“Mesoporous activated coconut shell-derived hydrochar prepared via
hydrothermal carbonization-NaOH activation for methylene blue
adsorption,” J. Environ. Manage., vol. 203, no. Pt 1, pp. 237-244, 2017,
doi: 10.1016/j.jenvman.2017.07.029.

A.Musa, B. S. Sani, F. B. Ibrahim, and A. Giwa, “Comparative analysis
of the adsorption of methylene blue using magnetised and non-
magnetised coconut shell biochar,” UNIOSUN J. Eng. Environ. Sci., vol.
1, no. 2, pp. 36-47, 2019, doi: 10.36108/ujees/9102.10.0250.

W. Widiyastuti, M. F. Rois, N. M. I. P. Suari, and H. Setyawan,
“Activated carbon nanofibers derived from coconut shell charcoal for
dye removal application,” Adv. Powder Technol., vol. 31, no. 8, pp.
3267-3273, 2020, doi: 10.1016/j.apt.2020.06.012.

H. T. Van, T. M. P. Nguyen, V. T. Thao, X. H. Vu, T. V. Nguyen, and
L. H. Nguyen, “Applying activated carbon derived from coconut shell
loaded by silver nanoparticles to remove methylene blue in aqueous
solution,” Water, Air, Soil Pollut., vol. 229, no. 393, pp. 1-14, 2018, doi:
10.1007/s11270-018-4043-3.

A. Qisti, Y. Utomo, and D. A. Rokhim, “Treatment of dye wastewater
from batik industry by coconut shell activated carbon adsorption,”
Fuller. J. Chem., vol. 6, no. 1, pp. 7-13, 2021, doi:
10.37033/fjc.v6il.213.

A.-S. Kamdod and M. V. P. Kumar, “Adsorption of methylene blue,
methyl orange, and crystal violet on microporous coconut shell activated
carbon and its composite with chitosan: Isotherms and kinetics,” J.
Polym. Environ., vol. 30, pp. 5274-5289, 2022, doi: 10.1007/s10924-
022-02597-w.

K. Shah and A. Parmar, “Physico-chemical characteristics of activated
carbon prepared from coconut shell,” Int. J. Latest Eng. Res. Appl., vol.
3, no. 1, pp. 27-31, 2018, [Online]. Available: http://www.ijlera.com.
Q. Liang et al., “Optimized preparation of activated carbon from coconut
shell and municipal sludge,” Mater. Chem. Phys., vol. 241, no. 122327,
pp. 1-35, 2020, doi: 10.1016/j.matchemphys.2019.122327.

Y. C. Sharma, Uma, A. S. K. Sinha, and S. N. Upadhyay,
“Characterization and adsorption studies of Cocos nucifera L. activated
carbon for the removal of methylene blue from aqueous solutions,” J.
Chem. Eng. Data, vol. 55, no. 8, pp. 2662-2667, 2010, doi:
10.1021/je900937¢.

A. O. Alabdullatif, A. H. Yahaya, R. Yahya, and H. A. Al-Aoh,
“Removal of methylene blue from synthetic waste water by coconut husk
fiber based-activated carbon,” Asian J. Chemis, vol. 26, no. 24, pp.
8325-8332, 2014, doi: 10.14233/ajchem.2014.16954.

B. H. Hameed, D. K. Mahmoud, and A. L. Ahmad, “Equilibrium
modeling and kinetic studies on the adsorption of basic dye by a low-
cost adsorbent: Coconut (Cocos nucifera) bunch waste,” J. Hazard.
Mater., vol. 158, pp. 65-72, 2008, doi: 10.1016/j.jhazmat.2008.01.034.
H. Al-Aoh, R. Yahya, M. J. Maah, and M. R. Bin Abas, “Adsorption of
methylene blue on activated carbon fiber prepared from coconut husk:
isotherm, kinetics and thermodynamics studies,” Desalin. Water Treat.,
vol. 52, pp. 6720-6732, 2014, doi: 10.1080/19443994.2013.831794.

O. Oribayo et al., “Coconut shell-based activated carbon as adsorbent for
the removal of dye from aqueous solution: Equilibrium, kinetics, and
thermodynamic studies,” Niger. J. Technol., vol. 39, no. 4, pp. 1076—
1084, 2020, doi: 10.4314/njt.v39i4.14.

1. A. W. Tan, A. L. Ahmad, and B. H. Hameed, “Adsorption of basic dye
on high-surface-area activated carbon prepared from coconut husk:
Equilibrium, kinetic and thermodynamic studies,” J. Hazard. Mater., vol.
154, pp. 337-346, 2008, doi: 10.1016/j.jhazmat.2007.10.031.

S. Islam, B. C. Ang, S. Gharehkhani, and A. B. M. Afifi, “Adsorption
capability of activated carbon synthesized from coconut shell,” Carbon
Lett., vol. 20, pp. 1-9, 2016, doi: 10.5714/CL.2016.20.001.

N. Kannan and M. M. Sundaram, ‘“Kinetics and mechanism of removal
of methylene blue by adsorption on various carbons-A comparative
study,” Dye. Pigment., vol. 51, pp. 25-40, 2001, doi: 10.1016/S0143-
7208(01)00056-0.

A. K. Prajapati and M. K. Mondal, “Comprehensive kinetic and mass
transfer modeling for methylene blue dye adsorption onto CuO
nanoparticles loaded on nanoporous activated carbon prepared from
waste coconut shell,” J. Mol. Liq., vol. 307, no. 112949, pp. 1-18, 2020,
doi: 10.1016/j.molliq.2020.112949.



ENP Engineering Science Journal, Vol. 4, No. 1, July, 2024

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

(80]

D. Kavitha and C. Namasivayam, “Experimental and kinetic studies on
methylene blue adsorption by coir pith carbon,” Bioresour. Technol.,
vol. 98, pp. 14-21, 2007, doi: 10.1016/j.biortech.2005.12.008.

R. H. Khuluk, A. Rahmat, and B. Suharso, “Removal of methylene blue
by adsorption onto activated carbon from coconut shell (Cocous nucifera
L.),” Indones. J. Sci. Technol., vol. 4, no. 2, pp. 229-240, 2019, [Online].
Auvailable: http://ejournal.upi.edu/index.php/ijost/.

N. H. Abdullah et al., “Effect of acidic and alkaline treatments to
methylene blue adsorption from aqueous solution by coconut shell
activated carbon,” Int. J. Curr. Sci. Eng. Technol., pp. 1-6, 2017, doi:
10.30967/ijerset.1.51.2018.319-324.

M. Ismail, M. A. K. M. Hanafiah, M. S. Z. Abidin, Z. Hussin, and K.
Khalid, “Kinetics of methylene blue adsorption on sulphuric acid treated
Coconut (Cocos nucifiera) frond powder,” Am. J. Environ. Eng., vol. 5,
no. 3A, pp. 33-37, 2015, doi: 10.5923/c.ajee.201501.06.

K. Y. Foo and B. H. Hameed, “Coconut husk derived activated carbon
via microwave induced activation: Effects of activation agents,
preparation parameters and adsorption performance,” Chem. Eng. J., vol.
184, pp. 57-65, 2012, doi: 10.1016/j.cej.2011.12.084.

Y. Yasin, M. Z. Hussein, and F. H. Ahmad, “Adsorption of methylene
blue onto treated activated carbon,” Malaysian J. Anal. Sci., vol. 11, no.
11, pp- 400406, 2007, [Online]. Available:
https://www.researchgate.net/publication/251289860.

C.E. Gimba,J. Y. Olayemi, S. T. Okunnu, and J. A. Kagbu, “Adsorption
of methylene blue by activated carbon from coconut shell,” Glob. J. Pure
Appl. Sci., wvol. 7, mno. 2, pp. 265267, 2000, doi:
10.4314/gjpas.v7i2.16242.

A.H. A. Dabwan, N. Yuki, N. A. M. Asri, H. Katsumata, T. Suzuki, and
S. Kaneco, “Removal of methylene blue, rhodamine B and ammonium
ion from aqueous solution by adsorption onto sintering porous materials
prepared from coconut husk waste,” Open J. Inorg. Non-Metallic Mater.,
vol. 5, pp. 21-30, 2015, doi: 10.4236/0jinm.2015.52003.

R. Shaheed, C. H. Azhari, A. Ahsan, and W. H. M. W. Mohtar,
“Production and characterisation of low-tech activated carbon from
coconut shell,” J. Hydrol. Environ. Res., vol. 3, no. 1, pp. 6-14, 2015,
[Online]. Available: https://hdl.handle.net/10652/4505.

D. Das, D. P. Samal, and B. C. Meikap, “Preparation of activated carbon
from green coconut shell and its characterization,” J. Chem. Eng. Process
Technol., vol. 6, no. 5, pp. 1-7, 2015, doi: 10.4172/2157-7048.1000248.
E.Z. Sulyman and N. Z. Sulyman, “Preparation of activated carbon from
coconut shells- Use the Kim-al-Ali as abond material and use it to adsorb
the pigment of the methylene blue,” Iraqi Natl. J. Chem., vol. 18, no. 2,
pp. 104-116, 2018, [Online]. Available: http://ignjc.com/default.aspx.
P. J. Rangari and P. Chavan, “Preparation of activated carbon from
coconut shell,” Int. J. Recent Res. Sci. Eng. Technol., vol. 3, no. 4, pp.
598-603, 2017, [Online].Available:
http://www.ijrrset.com/upload/2017/april/2 PREPARATION_IEEE.pd
f.

O. L. Mercileen, A. K. Patan, and M. V. V. C. Lakshmi, “Selection of
chemical activating agent for the synthesis of activated carbon from
coconut shell for enhanced dye treatment - its kinetics and equilibrium
study,” Mater. Proc., vol. 72, no. Part 1, pp. 274-285, 2023, doi:
10.1016/j.matpr.2022.07.290.

A. L. Cazetta et al.,, “NaOH-activated carbon of high surface area
produced from coconut shell: Kinetics and equilibrium studies from the
methylene blue adsorption,” Chem. Eng. J., vol. 174, pp. 117-125, 2011,
doi: 10.1016/j.cej.2011.08.058.

Y. C. Wong, M. S. R. Senan, and N. A. Atiqah, “Removal of methylene
blue and malachite green dye using different form of coconut fibre as
absorbent,” J. Basic Appl. Sci. Mississauga, vol. 9, pp. 172-177, 2013,
[Online].Available:
https://www.proquest.com/openview/e92f740f71fbbd890b93cfcdd7¢c36
6b9/.

N. Singh and C. Balomajumder, “Equilibrium isotherm and kinetic
studies for the simultaneous removal of phenol and cyanide by use of S.
odorifera (MTCC 5700) immobilized on coconut shell activated
carbon,” Appl. Water Sci., pp. 1-15, 2016, doi: 10.1007/s13201-016-
0470-8.

A. O. Dada, F. A. Adekola, E. O. Odebunmi, A. S. Ogunlaja, and O. S.
Bello, “Two-three parameters isotherm modeling, kinetics with
statistical validity, desorption and thermodynamic studies of adsorption
of Cu(II) ions onto zerovalent iron nanoparticles,” Sci. Rep., vol. 11, no.
16454, pp. 1-15, 2021, doi: 10.1038/s41598-021-95090-8.

J. S. Piccin, G. L. Dotto, and L. A. A. Pinto, “Adsorption isotherms of
thermochemical data of FD&C red No 40 binding by chitosan,”
Brazilian J. Chem. Eng., vol. 28, no. 2, pp. 295-304, 2011, [Online].
Available: http://www.abeq.org.br/bjche.

Y. Premkumar and K. Vijayaraghavan, “Biosorption potential of coco-
peat in the removal of methylene blue from aqueous solutions,” Sep. Sci.
Technol., pp. 37-41, 2015, doi: 10.1080/01496395.2014.968262.

A. Shee, J. M. Onyari, J. N. Wabomba, and D. Munga, “Methylene blue
adsorption onto coconut husks/polylactide blended films: Equilibrium
and kinetic studies,” Chem. Mater. Res., vol. 6, no. 11, pp. 28-, 2014,
[Online]. Available: http://www.iiste.org.

[83]

(84]

[85]

[86]

[87]

29

H. K. Yagmur and 1. Kaya, “Synthesis and characterization of magnetic
ZnCl2-activated carbon produced from coconut shell for the adsorption
of methylene blue,” J. Mol. Struct., vol. 1232, no. 130071, pp. 1-12,
2021, doi: 10.1016/j.molstruc.2021.130071.

N. Mozaffari, A. H. S. Mirzahosseini, and N. Mozaffari, “A new kinetic
models analysis for CO adsorption on palladium zeolite nanostructure
by roll-coating technique,” Anal. Methods Environ. Chem. J., vol. 3, no.
2, pp. 92-107, 2020, doi: 10.24200/amecj.v3.i02.106.

I-H. T. Kuete, D. R. T. Tchuifon, G. N. Ndifor-Angwafor, A. T.
Kamdem, and S. G. Anagho, “Kinetic, isotherm and thermodynamic
studies of the adsorption of thymol blue onto powdered activated carbons
from Garcinia cola nut shells impregnated with H3PO4 and KOH: Non-
linear regression analysis,” J. Encapsulation Adsorpt. Sci., vol. 10, pp.
1-27, 2020, doi: 10.4236/jeas.2020.101001.

J. O. Ojediran, A. O. Dada, S. O. Aniyi, R. O. David, and A. D.
Adewumi, “Mechanism and isotherm modeling of effective adsorption
of malachite green as endocrine disruptive dye using acid functionalized
maize cob (AFMC),” Sci. Rep., vol. 11, no. 21498, pp. 1-15, 2021, doi:
10.1038/s41598-021-00993-1.

A. A. Inyinbor, F. A. Adekola, and G. A. Olatunji, “Kinetics, isotherms
and thermodynamic modeling of liquid phase adsorption of Rhodamine
B dye onto Raphia hookerie fruit epicarp,” Water Resour. Ind., vol. 15,
pp. 14-27, 2016, doi: 10.1016/j.wri.2016.06.001.

Abdulghaffaar Assayyidi Yusuf is
currently working as a lecturer in the
Department of Science, School of
General Studies, National Institute of

Construction ~ Technology  and
Management, Uromi, Edo State,
Nigeria. He has completed his
Bachelors and Masters of

Engineering in Chemical Engineering

from the University of Maiduguri, Nigeria. His research in PG
focused on the ‘Development and Assessment of Activated
Carbon Derived from Coconut Shell on Adsorption of

Methylene Blue Dye in Wastewater’.

He has published 4

international articles at various journals. He has teaching
experience of more than 3 years.

Abdulhalim Musa Abubakar works
as Assistant Lecturer at Modibbo
Adama University, Yola, Adamawa
State, Nigeria in the Department of
Chemical Engineering since 2019. He

obtained a B.Eng. and M.Eng.
Degrees  from  University  of
Maiduguri in 2018 and 2023,

respectively He had basic experience
in programming languages (C++,

Fortran & R, inclusive) and had identified the scope of those
languages in chemical engineering, where he solved several
numerical problems, witnessed in some of his publications.
Moreso, other research interest he had contributed a lot are in
biomass conversion, environmental engineering, plant design

and simulation,

sustainable energy and bioremediation.

Altogether, more than 57 of his peer-reviewed local and
international journal publications covers those areas mentioned.

Abdulrazak Muhammad is currently
working as Lecturer II in the Department

of Agricultural Technology at Federal
College of Horticulture Dadin Kowa,
Gombe state. He has completed his B.

Eng. Degree in Mechanical Engineering

\{ at University of Maiduguri, Borno state
'\_-”— of Nigeria as well as his Masters
- Program in the same institution. His

.

M.Eng. research work was on ‘Maximum Power Point
Tracking of Photovoltaic System Modules at FECOHORT’ and
‘Working on Improved Particle Swarm Optimization of
Maximum Power Point Tracking of Solar PVs under Partial



30

Shading Conditions’. He has published in national and
international journals. He has participated in various national
and international conferences, seminars, webinars and
workshops organized by different reputed institutions. He
received numerous certificates in that respect. Engr.
Abdulrazak has teaching experience of more than 10 years. He
guided 23 Undergraduate Project Students from 2016-2023.

Kamran Khan is PhD Scholar in
Environmental Engineering in University of
Wollongong Australia. Before then, he
completed his Master’s Degree in Petroleum
and Mining Engineering from Politecnico Di
Torino, Italy in 2021. He completed his
Bachelor’s Degree in Petroleum and Gas
Engineering at BUITEMS, Pakistan in 2015.

S

A. A Yusuf et al.: Methylene Blue Adsorption Kinetics Investigation by Coconut Shell Activated Carbon Adsorbent

G. Rajasekar is currently working as
an  Assistant Professor in the
Department of Plant Pathology at
Adhiyamaan College of Agriculture
and Research, Athimugam, Hosur,
affiliated to Tamil Nadu Agricultural
University (TNAU), Coimbatore. He
has completed his B.Sc. Degree in
Agriculture at Annamalai University,
Chidambaram; PG, at Agricultural College and Research
Institute (TNAU), Killikulam, Tuticorin and; completed his
Ph.D. Program at Agricultural College and Research Institute
(TNAU), Madurai. His research in PG focused on ‘Studies on
the fusarium head blight disease of wheat caused by Fusarium
graminearum (Schwabe.)’ and his Ph.D. research work was on
‘Exploring antifungal potential of phylloplane bacteria and
plant extracts against brown spot of rice incited by Bipolaris
oryzae Subr. and Jain’. He has published 7 National and
International articles at various journals, 35 popular articles, 1
book chapter and 1 book. He has participated in various
national and international conferences, seminars (totaling to 10,
organized by different reputed institutions) and webinars,
where he received numerous certificates.




