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Abstract

The direct discharge of industrial effluents loaded with dyes into nature constitutes a major environmental pollution problem.
Thus, the treatment of these wastewaters is now a necessity to protect of people and the environment. The aim of this study
was to determine the optimal operating conditions of the adsorption removal of Methyl Violet (MV) in aqueous solution. The
activated carbon adsorbent that used in this study is chemically prepared from neem seed hulls. The Surface Response
Methodology (SRM), was used for the optimisation and modelling of the adsorption fixation process of MV on the prepared
activated carbon elaborated adsorbent. The effects of the operating parameters such as the initial concentration of MV in the
solution (40 - 80mg.L™), the amount of activated carbon adsorbent (1-2g.L™), the contact time (50-100 min) and the initial
pH of the solution (4 - 8) have been studied. The results for ANOVA analysis has showed that the quadratic model is the best
fitting model to describe the fixation of MV on the activated carbon the studied adsorbent. The results has also showed that
the adsorption of MV on activated carbon the elaborated adsorbent is strongly influenced by the studied parameters. Indeed,
the dose of an activated carbon gets the most significant effect on dye removal. The optimal conditions of MV adsorption
correspond to an initial MV concentration of 40.75mg.g™, an activated carbon dose of 1.78g.L™, a pH of 4.06 and a
adsorption time of 99.40 min and allow a MV removal yield of 99.53 %. Therefore, the MSR can be used to model the
removal of MV as a function of the parameters studied and to determine the optimal operating conditions for MV fixation on
neem seed shell activated carbon. This study has showed that an activated carbon based on neem hulls is a credible option
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for the treatment of industrial effluents loaded with dyes.
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Introduction

Textile industries, tanneries and paper mills are among the
largest sources of organic pollution in the word" 2. They
generate large quantities of wastewaters loaded with various
types of dyes. Indeed, the worldwide production of dyes is
estimated between700,000 and 1 million tonnes®. Every year,
around 10-15% of the used dyes, are directly discharged into the
environment without being priorly treated®.

The direct discharge of these wastewaters can cause various
environmental problems. Indeed, some dyes are harmful to
humans because of their mutagenic and carcinogenic
properties®. They can cause allergies and skin irritations®. They
can also interfere with the good functioning of the central
nervous system, in the human reproduction system, and in the
kidney and liver functions®. In addition, dye-laden effluents
have a negative ecological impact on the life of aquatic species
when discharged directly into receiving environments, as they
can affect water quality’ and also decrease the scattering of
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sunlight in water®. As dyes absorb and reflect sunlight, this
reduces photosynthesis and therefore impairs the growth of
aquatic species®.

In order to protect human-being sand to preserve the
environment, several techniques are used to treat dye-laden
wastewaters.  Among these, we have flocculation,
decantation®’®, precipitation-filtration"2, reverse osmosis®,
advanced oxidation'®, photo catalytic degradation™, ion
exchange'®, etc. These conventional water treatment methods
are very inefficient for the complete removal of many dyes due
to their high water solubility and non-biodegradability™’.

Adsorption on activated carbon is the most widely used
techniques due to its effective and simple implementation.
Numerous studies have shown the effectiveness of activated
carbons based on lignocellulosic materials such as coconuts®,
apricot nuts'®, date pits, rice husks®, sugarcane bagasse®,
sorghum pods®, tamarind seeds®, etc., for the elimination of
dyes in aqueous solution.
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In Senegal, the number of neem plants (Azadirachta Indica A.
Juss) is estimated between 18 and 30 millions®. The annul
production capacity of a neem plant can reach 50 kg at maturity,
i.e. 30kg of seeds including 15kg of hulls. The neem seed
processing industry would therefore generate a large quantity of
hulls in the form of solid waste, the recovery of which would
contribute to the economy of the sector. These hulls could
constitute a precursor material for the production of activated
carbon elaboration of adsorbent, in the image of the work
carried out on the hulls of jatropha®, balanite?, groundnut®,
baobab®®, mango®, etc. The use of elaborated adsorbent based
on neem seed hulls for the treatment of wastewater laden with
colouring agents is not known yet.

The efficiency of the adsorption process depends on the one
hand on the nature of the adsorbent used and on the other hand
on the operating parameters of the adsorption®*32, In order have
a good removal of dyes from wastewaters; the optimization of
the adsorption process is necessary. Conventional modeling
methods can only determine the individual effect of the
parameters on the responses. The combined effects of the
different factors cannot be determined. In addition, they are
more time-consuming and require a significant number of
experiments, and are therefore more expensive. This is in
contrast to the Response Surface Methodology (RSM), which
allows the maximum amount of information to be drawn from a
minimum of experimental runs®.

The aim of this study is firstly, to optimize the operating
parameters of the adsorption of MV in aqueous solution by
adsorption on activated carbon from neem hulls, a by-product of
neem seed processing, considered as a waste product and
secondly, to model the operating parameters of the adsorption
process using the MSR. The influence of parameters such as
initial methyl violet concentration, activated carbon dose, pH of
the initial solution and contact time and their interactions were
studied using the Composite Centered Design (CCD), a very
efficient method suitable to optimizea study of independent
process parameters.

Material and methods

Preparation of adsorbat: In this study, Methyl Violet (MV),
hexamethylpararosaniline chloride, (Figure-1) has been used to
prepare the synthetic dye wastewaters. The stock dye solution
has been prepared by dissolving 1000mg of dye in 1 000mL of
distilled water and the diluted solutions have been obtained by
diluting the stock solution. Hydrochloric acid and sodium
hydroxide solutions were used to adjust the pH of the solutions.

Pre-treatment of the raw material: The raw material used in
this study is neem seeds collected in Babol, a village located in
the Kaolack region (Senegal). After collection, the seeds are
dried and sorted. Manual hulling is carried out to separate the
hull from the kernel. The resulting hulls are washed thoroughly
with distilled water to remove dust and other water-soluble
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compounds. After washing, the material is oven dried at 105°C
for 24 hours and then ground using an electric knife mill (Saachi
NB-0002) and sieved to obtain a powder size of less than 0.800
nm. The neem hulls powder thus obtained is used for the
preparation of activated carbon.

C1-
CHy~+ ~H

a
CH,— hl O ON— CH,

I
CH, CH,

Figure-1: Structure of methyl violet.

Preparation of the adsorbent: Activated carbon is chemically
prepared using phosphoric acid (HsPO,4, 85%) as the activating
agent. The precursor material is mixed with the acid solution at
an impregnation ratio (precursor weight/activating agent weight)
of 1/3. The mixture obtained is stirred for 1 hour at room
temperature (about 25°C) to make sure of a good diffusion of
the activating agent within the material. After impregnation, the
material is then placed in an oven at a temperature of 120°C for
6 h. The impregnated particles are then carbonised directly in
the oven at a temperature of 528°C for 1 hour. The resulting
carbons are washed with distilled water to remove traces of the
activating agent and other impurities until a wash water of
neutral pH is obtained. Finally, the charcoals were dried in an
oven at 105°C for 24 h and then stored in plastic jars.

Determination of the physico-chemical parameters of
elaborated adsorbent: Determination of the humidity: The
moisture content is determined according to the standard (NF V
03-603) by the loss of weight of a sample of approximately 1 g
which has been dried in an oven at 105°C until a constant
weight is obtained.

Determination of mineral content: The mineral content or ash
is determined by loss of weight from the dry matter by
incinerating it in an electrically heated muffle furnace at
approximately 550°C for 3 hours (NF V 03-922). The calcined
sample is then cooled to laboratory temperature in a desiccator
and weighed.

Determination of the bulk density: For the determination of
the bulk density, a 50mL flask is filled up to the mark with one
mass of activated carbon. The density is calculated from the
weight of the sample and the bulk volume of the sample.

Determination of the iodine value: The iodine molecule was

chosen as a reference molecule to evaluate the adsorption
capacity of solutes of small molecular size <10 A *. The iodine
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value is defined as the amount, in milligrams of iodine,
adsorbed by 1g of adsorbent. The iodine value is determined
according to the AWWA B 600 - 78 method?’. A known weight
of charcoal previously dried at 105°C for 24 hours is just
together with a known volume of iodine solution of known
concentration. The mixture is stirred for 30min before being
filtered. The filtrate is assayed with a sodium thiosulphate
solution using starch as a colour indicator. The amount of iodine
adsorbed is then determined.

Determination of the methylene blue value: Methylene blue
has been considered as a reference molecule to evaluate the
adsorption capacity of solutes >15 A in size®. Methylene blue
value represents the quantity, in milligrams of methylene blue,
fixed by 1g of adsorbent. A weight of previously dried charcoal
is brought into forth 0.050mL of a methylene blue solution with
a concentration of 200ppm for 30min under continuous stirring.
After adsorption, the residual methylene blue concentration is
measured using a UV spectrophotometer (Agilent Technologies
Cary 60 UV-Vis) at a wavelength (A= 654nm). The methylene
blue index is calculated using the following formula (1):

Iy = =Y, 100 (1)

mca

Igm is the methylene blue index in mg.g-1, C; the initial
concentration of methylene blue in mg.L-1, C; the final
concentration of methylene blue in mg.L-1, V the volume of the
adsorbed methylene blue solution in L, mCA the weight of
adsorbent in g.

Adsorption of MV on elaborated adsorbent from neem
hulls: The adsorption tests have been carried out in a stirred
batch reactor in 250mL Erlenmeyer flasks, at 25°C and at a
stirring speed of 400rpm. After each adsorption test, the
suspension has been filtered and the filtrate was analysed using
a spectrophotometer (UV-Vis Cary 60 Agilent Technologies) at
a wavelength (A=550nm) to determine the residual methyl violet
concentration. The MV removal rate is calculated using the
following equation (2):

T= (Ci;—ff)*loo )

4

T represents the MV removal in %, C;, the initial concentration
of MV in mg.L‘l, C: the final concentration of MV in the
solution after adsorption in mg.L™.

Choice of the experimental area: To optimize the operating
parameters for the removal of methyl violet, the response
surface methodology has been used. This is a statistical
approach that allows a maximum information to be drawn with
a minimum of experimental trials *. The factors investigated in
this study were the initial concentration of methyl violet
solution (X;) (40-80 mg.L™), the dose of adsorbent (X,) (1.00-
2.00g.L™), the initial pH of the solution (4-8) (Xs) and the
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contact time (X4) (50-100 min). The choice of these parameters
and their range is based on the work of Yasin et al.**® of
Gebresemati et al.*® and those of Singh and Bhateria®’.

Design of the experiment: Centred composite design: To
investigate the influence of initial methyl violet concentration
(X4), adsorbent dose (X,), initial solution pH (X3) and contact
time (X4) and their interactions on methyl violet removal
performance, the Composite Centred Design (CCD) has been
chosen. The CCD has the highest efficiency for modelling and
optimising a four-factor study. The number of experiments (N)
to be performed and the distance (o) between an axial point and
the centre point are given by the following relations (3) and (4)
respectively.

N=2+2k+C (3)
o= 4)

N, k and C represent the number of experiments to be
performed, the number of independent factors, and the number
of repetitions of the tests at the centre and o is the distance
between the axial point and the centre point. Thus, the
combination of the different factors is given by a matrix of 30
experiments among which we have 16 factorial, 8 axial and 6
central. The experimental domain is reported in Table-1.

Table-1: Experimental range of the factors for MV elimination.

Levels
Factors Symbols
-a | Min | Max | +a

Initial concentration

(mg.LY) X1 20 40 80 20
Adsorbent dose X, |050|1.00] 200|050

(g.L7)

pH X3 2 4 8 2
Contact time X, 25 | 50 | 100 | 25

(min)

Determination of the monitored response: The response
monitored is the methyl violet removal efficiency. The quadratic
equation to calculate the predicted response from the factors
studied is given as:

Y = by + XLy biX; + (BFy buX)? + X1 X1 b Xi X (5)

Where Y is the predicted response, by the constant coefficient,
bi the linear coefficients, bj; the interaction coefficients, b the
quadratic coefficients X; and X; are the coded values of the
facteurs of the adsorption operating conditions.

The regression model of the experimental data has been

presented, the statistical significance of the model and the
regression terms have been evaluated by the analysis of variance
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using the Design Expert software, version 11.1.2.0 (Stat-Ease
Inc).
Results and discussion

Physico-chemical characterization of activated carbon: The
characteristic physico-chemical parameters of the activated
carbon produced are presented in Table-2.

Table-2: Physicochemical properties of activated carbon.
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The adequate accuracy (69.07) greater than 4 indicates a good
predictive ability of the chosen model®. The standard derivation
coefficient (0.47%), associated with the model, is very low. The
low Coefficient of Variation (CV=0.19) shows the reliability of
the results (reproducibility of the experiments)®. Thus, the
quadratic mathematical equation to calculate the predicted
elimination rate from the different factors studied is illustrated
by the following equation (6):

Table-3: Matrix of experiments and experimental results.

Parameters Units Values Factors Response
Runs |, X, | X [ X )
Humidity % 221 (mg.LY) (gLh ) (min) Y (%)
Ash content % 113 1 80 2.00 4 50 98.05
2 60 1.50 6 125 98.17
Bulk density g.cm” 0.45 3 40 1.00 8 100 96.80
Methylene value mg.g™ 39.21 4 60 1.50 6 ) 96.68
5 60 1.50 6 75 96.64
lodine value mg.g™ 788.20 P 20 100 4 100 9775
7 80 1.00 8 50 95.01
The prepared activated carbon is characterised by a low
moisture (2.21%) and ash (1.13%). This makes it an excellent 8 60 1.50 6 ) 96.65
adsorbent. The low bulk density (0.45g.cm®) of activated 9 40 2.00 38 100 98.24
carbon could be an advantage for its industrial use as a filter
bed. The values obtained for the methylene blue value (39.21 10 20 150 6 75 99.08
mg.g™Y) and iodine value (788.20mg.g™), which respectively 11 40 2.00 4 50 98.34
indicate the capacity of the carbon to adsorb large molecules 12 80 1.00 4 50 92.71
such as organic molecules and small molecules such as heavy
metals, highlight the heterogeneity of the carbon's porosity. 13 40 2.00 4 100 9943
14 80 2.00 8 50 98.88
In sum, these results show that carbon can be used to treat 15 60 1.50 2 75 97.53
wastewaters containing pollutants of different nature. 16 20 500 3 50 96.57
Experimental results of the experimental matrix: Table-3 17 80 1.00 8 100 96.02
shows the operating conditions of 30 experiments carried out 18 60 0.15 6 75 96.78
and the experimental results obtained.
19 80 2.00 4 100 97.35
The responses obtained show a pyrolysis yield that varies 20 60 1.50 10 75 98.28
between 90.64 and 99.43 % in a relatively dispersed manner, 21 60 05 6 75 90.64
indicating the relevance of the experimental area chosen. This
variation also indicates that the factors studied have a strong 22 80 2.00 8 100 98.82
influence on the adsorption of methyl violet. 23 40 1.00 4 50 95.67
. . . 24 80 1.00 4 100 93.41
Regression model: The choice of a model is generally based on
a low standard deviation, a correlation coefficient close to unity, 25 40 1.00 8 50 94.00
and the model should not be aliased®®. Analysis of the different 26 60 1.50 6 25 95.69
models studied (Linear model, 2FI model, Quadratic model, and
Cubic model) shows that the Quadratic model is the most 27 60 1.50 6 [ 96.82
adequate to predict the removal rate of methyl violet with a 28 60 2.50 6 75 96.71
correlation coefficient (R®) equal to 99.56%. The difference 29 60 1.50 6 75 96.94
between the predicted R® (97.71%) and the adjusted R?
(99.14%) is less than 0.2% (Table-4). This shows that the 30 100 1.50 6 [ 97.51

quadratic model describe well the studied phenomenon®.
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Y (%) = 96,7517 - 0,40375X; + 1,51875X, + 0,130417X; +
0,564583X + 0,474375X,X, + 0,799375X X - 0,418125X, X, -
0,184375X,X; - 0,286875X,X, + 0,140625X5X, + 0,384063X,2
-0,770938X,2 + 0,286563X,” + 0,0428125X .2 (6)

Coefficients with a positive sign have a synergistic effect on the
response studied, whereas those with a negative sign have an
antagonistic effect. Thus, we can see that the removal rate
increases with the dose of activated carbon, the pH of the initial
solution and the contact time and decreases with the initial
concentration of MV.

The adequacy of the developed mathematical model can also be
assessed based on diagnostic plots such as the percentage
normal probability versus residuals plots (Figure-3) which show
that the residuals are randomly dispersed without outliers
around + 3 and follow a straight line, which shows that the
residuals are normally distributed. The experiments therefore
come from a normally distributed population. This means that
the normality test is therefore satisfied™.

Predicted vs. Actual

100

98

96

Predicted

94 ]

9z

20 |

T T T T T T
20 a2 a4 96 a8 100

Actual
Figure-2: Predicted versus experimental for MV removal.
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Figure-3: Normal probability plot.
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Table-4: Statistical coefficients of quadratic model for MV
removal.

Variables Values

Standard derivation 0.1826
Mean 96.71
Coefficient of derivation (%) 0.1889
R2 99.56

Adjusted R2 99.14
Predicted R? 97.71
Adequate precision 69.07

Statistical analysis of the model results: We have used
ANOVA to evaluate the relevance and significance of the
factors effects. The model ANOVA results (Table-5) shows that
the p-value of the model is less than 0.05. This means that the
chosen model is significant®®. Furthermore, the results also show
that all terms have significant effects except the X;X,
interaction. However, the dose of activated carbon (X,) has the
most significant effect on the elimination of methyl violet
followed by the initial concentration of MV in the solution. The
results also show a non-significant lack of fit of the chosen
model. The lack of fit measures the difference between the
residual error and the pure error. A non-significant lack of fit is
desirable*2,

Effects of the factors studied on MV adsorption: Perturbation
diagrams were used to study the effects of the factors and 3D
response surface plots were used to study the effects of their
interactions on MV removal.

Effect of the factors on the fixation of MV: The perturbation
diagram for the adsorption of methyl violet on activated carbon
is shown in Figure-4. The results obtained show that all the
factors studied have an influence on the methyl violet removal
rate. However, the removal rate is more sensitive to the
variation of the adsorbent mass.

Effects of interactions on MV adsorption: Responses surface
showing the interactions of the different parameters on MV
removal are presented in 3D (Figure-5).

Figure-5(a) shows the effect of the interactions between the
initial concentration and the amount of adsorbent on the
removal of MV shows that the latter is the most influential
factor on the removal of MV. This result is in agreement with
the work of Nojavan and Gharbani, on the optimisation of the
adsorption of blue reagent 21 on kaolin®®. Indeed, the removal
rate increases with the mass of activated carbon and the initial
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concentration of MV. This evolution is linked to the increase in
the overall exchange surface with the mass of activated
carbon*. The decrease of the fixation rate with the initial
concentration of the VM solution can be explained, on the one
hand, by a saturation of the adsorption sites at high
concentrations leading to increased electrostatic repulsions
between the molecules on the surface of the activated carbon at
high concentrations® and, on the other hand, to the availability
of binding sites in relation to the amount of VM at low
concentrations.

Table-5: ANOVA for methylene violet removal quadratic

model.

Source F-value | p-value | Comment
Model 240.97 | <0.0001
Xl-lnltla_l concentration 11727 | <0.0001
inVM
X,-Adsorbent dose 1659.40 | <0.0001
Xy-Initial pH of 1224 | 0.0032
solution
X,-Contact time 229,32 | <0.0001
XX, 107.93 | <0.0001
X1 X3 306.47 | <0.0001
Significant
X1 Xa 83.85 < 0.0001
XoXs 16.30 0,0011
XoXy 39.47 < 0.0001
XXy 9.48 0,0076
X42 121.28 | <0.0001
X2 488.66 | <0.0001
X4? 67.52 < 0.0001
Lack of Fit 313 | 01097 | . Non
significant
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Figure-4: Influence of the factors studied on the removal of
MV.

Figure-5(b) which shows the interactions between the initial
concentration of MV and the initial pH of the solution shows
that the removal rate is proportional to the pH and inversely
proportional to the initial concentration of MV. Thus, at low pH,
the positive charge of the solution (H+) is high. This can lead to
a protonation on the surface of the adsorbent and thus create an
electrostatic repulsion on the surface of the adsorbent and the
positively charged MV dye molecule. On the other hand, as the
pH of the initial solution increases, the negatively charged
functional groups on the surface of the activated carbon
increase, which promotes electrostatic attractions between the
adsorbent and MV solution interface, resulting in an increase in
the removal rate of MV>®,

Figure-5(c) shows the variation of the removal rate with initial
concentration and contact time. Analysis of the results shows
that the fixation rate naturally increases with the time and
decreases with increasing initial concentration.

Figure-5(d) shows the effect of the interaction between the
adsorbent dose and the initial pH of the solution. It shows that
the fixation rate increases very significantly, as already
indicated, with the amount of adsorbent, whereas the amount
adsorbed increases only slightly with the initial pH of the
solution.

Figure-5(e) shows the combined effect of adsorbent dose and
contact time on the removal rate. The removal rate increases, as
indicated, considerably with the mass of activated carbon but
also with the contact time.
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Figure-5(f) showing the effect of the interaction between time
and initial pH of the solution indicates that these have no
significant effect on the elimination of MV. The percentage
fixation of MV increases slightly with increasing contact time.
This can be explained by the fact that the adsorption of MV on
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activated carbon is a rapid process and the first phase of
adsorption, where the removal rate increases significantly with
contact time, seems to take place during the first minutes of the
process due to the availability of a important adsorption sites on
the surface of the activatedcarbon™.
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Figure-5: Surface plot of methyl violet removal efficiency on neem shell activated carbon.
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Optimisation of the VM adsorption process on activated
carbon: In order to optimize the operating parameters for the
adsorption of MV in the studied experimental area, the
Desirability Function Approach (DFA) was applied with the
help of the Design Expert software version 13. Thus, the
maximum value of desirability obtained corresponds to the
optimal conditions of dye adsorption. The results obtained
(Figure-6) show that the optimum operating conditions for the
adsorption of MV on elabored adsorbent in the experimental
field studied correspond to an initial concentration of MV of
40.75mg.L", a dose of adsorbent of 1.78g.L™, a pH of the initial
solution of 4.06 and a contact time of 99.40 min, and allow
99.53% of the dye to be removed.

]

Aclmitial MV concentratio = 40,7517

T

L

80

L

a8

C:pH = 4,05985

. — T

290,64 99,43

MV removal (36) — 99,5338
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Thus, in order to minimize the cost of the process for economic
reasons, it is interesting to determine the optimal operating
conditions for the adsorption of MV with a minimal dose of
adsorbent in a short time for values of initial MV concentration
and initial pH of the solution located in the studied experimental
range.

The results (Figure-7) show that the optimal conditions for an
industrial process correspond to an initial MV concentration of
40mg.L™", an amount of adsorbent of 1.08g.L™Y, an initial
solution pH of 4.00 and a time of 50 min and allow 95.85% of
the dye to be removed.

] ¥

I

B:Adsorbent dose = 1, 78207

] T

50 100

D:Contact time = 99,4044

Desirability = 1,000
Solution 1 out of 100

Figure-6: Optimal conditions for MV adsorption in the experimental area studied.
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Figure-7: Optimal conditions of economic adsorption of MV.
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Validation of the model: To access the validity of the model,
we have carried out adsorption tests under the optimal operating
conditions of the experimental field studied. The experimental
results and the results predicted by the models are shown in
Table-6. The results obtained show a small difference (0.05%)
between the experimental value (99.48%) and the predicted
value (99.53%). This shows that the models developed are valid
and applicable to the predicting responses.

Table-6: Model validation.
Facteurs Response
X1 X, X3 X4 Yexp Y pred
(mg.gh) | (gL | () | (min) (%) (%)
40.75 1.78 | 4.06 | 99.40 | 99,48 99,53
Conclusion

The results of the present study have shown that neem seed
hulls activated carbon are effective in treating dye laden
effluents like methyl violet. The optimum conditions for
removal of this dye by adsorption on neem hulls labored
adsorbent have been determined by the response surface
methodology using the centered composite design. The results
showed that the quadratic model was the best-fitting model to
predict methyl violet removal as a function of the factors
studied. The ANOVA has shown that the adsorbent dose was
the most influential factor on methyl violet removal. The order
of influence of the parameters is as follows: activated carbon
dose > contact time > initial MV concentration > pH of the
initial solution. The best removal rate (99.53 %) is obtained at a
concentration of 40.75mg.L™, an activated carbon dose of 1.78
g.L", a pH of 4.06 and a contact time of 99.40min. In sum, this
study has shown the interest of using this type of adsorbent in
the wastewater treatment loaded with recalcitrant contaminants
such as dyes.

References

1. Parmar, P.; Shukla, A.; Goswami, D.; Patel, B. and Saraf,
M. (2020). Optimization of cadmium and lead biosorption
onto marine Vibrio alginolyticus PBR1 employing a Box-
Behnken design. Chemical Engineering Journal Advances,
4, 100043.

2. Machrouhia, A.; Farnanea, M.; Tounsadib, H.; Kadmic, Y.;
Favierd, L.; Qourzale, S.; Abdennouria, M. and Barkaa, N.
(2019). Activated carbon from Thapsia transtagana stems:
central composite design (CCD) optimization of the
preparation conditions and efficient dyes removal. Health,
4(6).

3. Mehr, H.; Saffari, J.; Mohammadi, S. and Shojaei, S.
(2020). The removal of methyl violet 2B dye using palm
kernel activated carbon: thermodynamic and Kkinetics

International Science Community Association

10.

11.

12.

13.

Res. J. Chem. Sci.

model. International Journal of Environmental Science and
Technology, 17(3), 1773-1782.

Machrouhi, A.; Alilou, H.; Farnane, M.; EI Hamidi, S.;
Sadig, M.; Abdennouri, M.; Tounsadi, H. and Barka, N.
(2019). Statistical optimization of activated carbon from
Thapsia transtagana stems and dyes removal efficiency
using central composite design. Journal of Science:
Advanced Materials and Devices 19, 4(4), 544-553.

Foroutan, R.; Peighambardoust, S. J.; Aghdasinia, H.;
Mohammadi, R. and Ramavandi, B. (2020). Modification
of bio-hydroxyapatite generated from waste poultry bone
with MgO for purifying methyl violet-laden liquids.
Environmental Science and Pollution Research, 27(35),
44218-44229.

Sivarajasekar, N.; Mohanraj, N.; Sivamani, S. and Moorthy,
G. . (2017). Response surface methodology approach for
optimization of lead (ll) adsorptive removal by Spirogyra
sp. biomass. Journal of Environment & Biotechnology
Research, 6(1), 88-95.

Bonetto, L.; Ferrarini, F.; De Marco, C.; Crespo, J.;
Guégan, R. and Giovanela, M. (2015). Removal of methyl
violet 2B dye from aqueous solution using a magnetic
composite as an adsorbent. Journal of Water Process
Engineering, 6, 11-20.

Gadekar, M. R. and Ahammed, M. M. (2019). Modelling
dye removal by adsorption onto water treatment residuals
using combined response surface methodology-artificial
neural network approach. Journal of environmental
management, 231, 241-248.

Dao, M. U.; Le, H. S.; Hoang, H. Y.; Tran, V. A.; Doan, V.
D.; Le, T. T. N. and Sirotkin, A. (2021). Natural core-shell
structure activated carbon beads derived from Litsea
glutinosa seeds for removal of methylene blue: Facile
preparation, characterization, and adsorption properties.
Environmental Research, 198, 110481.

Piaskowski, K.; Swiderska-qurowska, R. and Zarzycki, P.
K. (2018). Dye removal from water and wastewater using
various physical, chemical, and biological processes.
Journal of AOAC International, 101(5), 1371-1384.

Mozumder, M. and Islam, M. (2021). Development of
treatment technology for dye containing industrial
wastewater. Journal of Scientific Research, 2(3), 567-567.

Maiti, S. and Prasad, B. (2020). Minocha, A. K,
Optimization of copper removal from wastewater by fly ash
using central composite design of Response surface
methodology. SN Applied Sciences, 2(12), 1-14.

Atheba, P. and Drogui, P. (2018). Trokourey, A.,
Adsorption  kinetics and thermodynamics study of
butylparaben on activated carbon coconut based. Journal of
Encapsulation and Adsorption Sciences, 8(2), 39.



Research Journal of Chemical Sciences
Vol. 13(1), 35-45, February (2023)

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

ISSN 2231-606X

Xiao, W.; Jiang, X.; Liu, X.; Zhou, W.; Garba, Z. N.;
Lawan, I.; Wang, L. and Yuan, Z. (2021). Adsorption of
organic dyes from wastewater by metal-doped porous
carbon materials. Journal of Cleaner Production, 284,
124773.

Laskar, N. and Kumar, U. (2018). Adsorption of Safranin
(Cationic) dye from water by Bambusa tulda:
Characterization and ANN modeling. Environmental
Engineering Science, 35(12), 1361-1375.

Wu, J.; Wang, T.; Wang, J.; Zhang, Y. and Pan, W.P.
(2021). A novel modified method for the efficient removal
of Pb and Cd from wastewater by biochar: Enhanced the
ion exchange and precipitation capacity. Science of the
Total Environment, 754, 142150.

Ahsaine, H. A.; Anfar, Z.; Zbair, M.; Ezahri, M. and El
Alem, N. (2022). Adsorptive removal of methylene blue
and crystal violet onto micro-mesoporous Zr;O/activated
carbon composite: a joint experimental and statistical
modeling considerations. Journal of Chemistry, 1-14.

Shah, K. & Palmer, A. (2018). Physico-chemical
characteristics of Activated Carbon prepared from coconut
shell. Int. J. Latest Eng. Res. Appl, 3(1), 27-31.

Aicha, G. (2020). Elimination de nickel (I1) par un charbon
activé a base le noix de 1’abricot.

Rahman, M. A.; Amin, S. R. and Alam, A. S. (2012).
Removal of methylene blue from waste water using
activated carbon prepared from rice husk. Dhaka University
Journal of Science, 60(2), 185-189.

El Naga, A. O. A.; El Saied, M.; Shaban, S. A. and El
Kady, F. Y. (2019). Fast removal of diclofenac sodium
from aqueous solution using sugar cane bagasse-derived
activated carbon. Journal of Molecular Liquids, 285, 9-19.

Hammari, A. M.; Abubakar, H.; Misau, M.; Aroke, U. and
Hamza, U. (2020). Adsorption Equilibrium and Kinetic
Studies of Methylene Blue Dye Using Groundnut Shell and
Sorghum Husk Biosorbent. Journal of Environmental
Bioremediation and Toxicology, 3(2), 32-39.

Andas, J. and Satar, N. A. A. (2018). Synthesis and
characterization of tamarind seed activated carbon using
different types of activating agents: a comparison study.
Materials Today: Proceedings, 5(9), 17611-17617.

Faye, M. (2010). Nouveau procédé de fractionnement de la
graine de Neem (Azadirachta Indica A. Jussi) sénégalais:
production d'un bio-pesticide d'huile et de tourteau.

Okeola, O.; Odebunmi, E. and Ameen, O. (2012).
Comparison of sorption capacity and surface area of
activated carbon prepared from Jatropha curcas fruit
pericarp and seed coat. Bulletin of the Chemical Society of
Ethiopia, 26(2).

Mamane, O. S.; Boukari, M. S. D.; Chaibou, A. R;
Yacouba, M. M.; Alma, M. and Natatou, 1. (2018).

International Science Community Association

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

Res. J. Chem. Sci.

Valorisation de coques de noix de Balanites aegyptiaca (L.)
Del. et élimination du Chrome en solution. Afrique
Science,14(3), 167-181.

Gueye, M. (2015). Développement de charbon actif a partir
de biomasses lignocellulosiques pour des applications dans
le traitement de l'eau.

Vunain, E. and Biswick, T. (2019). Adsorptive removal of
methylene blue from aqueous solution on activated carbon
prepared from Malawian baobab fruit shell wastes:
Equilibrium, kinetics and thermodynamic studies.
Separation Science and Technology, 54(1), 27-41.

Kwaghger, A. and Ibrahim, J. (2013). Optimization of
conditions for the preparation of activated carbon from
mango nuts using HCI. American Journal of Engineering
Research, 2(7), 74-85.

Das, D. and Das, N. (2015). Optimization of parameters for
praseodymium (I11) biosorption onto biowaste materials
using response surface methodology: equilibrium, Kinetic
and regeneration studies. Ecological engineering, 81, 321-
327.

Ramakrishna, G. and Susmita, M. (2012). Application of
response surface methodology for optimization of Cr (1)
and Cr (VI) adsorption on commercial activated carbons.
Research Journal of Chemical Sciences.

Pavan Kumar, G.; Malla, K. A. and Yerra, B. (2019).
Srinivasa Rao, K., Removal of Cu(ll) using three low-cost
adsorbents and prediction of adsorption using artificial
neural networks. Applied Water Science, 9(3), 1-9.

Kouotou, D.; Manga, H. N.; Bagaoui, A.; Yaacoubi, A. and
Mbadcam, J. K. (2013). Optimization of activated carbons
prepared by and steam activation of oil palm shells. Journal
of Chemistry.

Yasin, Y. (2013). Mohamad, M.; Ahmad, F. B., The
application of response surface methodology for lead ion
removal from aqueous solution using intercalated tartrate-
Mg-Al layered double hydroxides. International Journal of
Chemical Engineering.

Gebresemati, M.; Gabbiye, N. and Sahu, O. (2017).
Sorption of cyanide from aqueous medium by coffee husk:
Response surface methodology. Journal of applied
research and Technology, 15(1), 27-35.

Das, R.; Mukherjee, A.; Sinha, I.; Roy, K. and Dutta, B. K.
(2020). Synthesis of potential bio-adsorbent from Indian
Neem leaves (Azadirachta indica) and its optimization for
malachite green dye removal from industrial wastes using
response surface methodology: Kkinetics, isotherms and
thermodynamic studies. Applied Water Science, 10(5), 1-
18.

Singh, R. and Bhateria, R. (2020). Optimization and
Experimental Design of the Pb?" Adsorption Process on a



Research Journal of Chemical Sciences
Vol. 13(1), 35-45, February (2023)

38.

39.

40.

41.

42,

ISSN 2231-606X

Nano-Fe;0,4-Based Adsorbent Using the Response Surface
Methodology. ACS omega, 5(43), 28305-28318.

Mohammad, Y.; Shaibu-Imodagbe, E.; Ighoro, S.; Giwa, A.
and Okuofu, C. (2014). Modeling and optimization for
production of rice husk activated carbon and adsorption of
phenol. Journal of Engineering.

Javanbakht, V. and Ghoreishi, S. M. (20217). Application
of response surface methodology for optimization of lead
removal from an aqueous solution by a novel
superparamagnetic nanocomposite. Adsorption Science &
Technology, 35(1-2), 241-260.

Brahmi, L.; Kaouah, F.; Boumaza, S. and Trari, M. (2019).
Response surface methodology for the optimization of acid
dye adsorption onto activated carbon prepared from wild
date stones. Applied Water Science, 9(8), 1-13.

Almahbashi, N.; Kutty, S.; Ayoub, M.; Noor, A.; Salihi, I.;
Al-Nini, A.; Jagaba, A.; Aldhawi, B.; Ghaleb, A. (2021).
Optimization of preparation conditions of sewage sludge
based activated carbon. Ain Shams Engineering Journal,
12(2), 1175-1182.

Mourabet, M.; El Rhilassi, A.; El Boujaady, H.; Bennani-
Ziatni, M. and Taitai, A. (2017). Use of response surface

International Science Community Association

43.

44,

45.

46.

Res. J. Chem. Sci.

methodology for optimization of fluoride adsorption in an
aqueous solution by Brushite. Arabian Journal of
Chemistry, 10, S3292-S3302.

Nojavan, A. and Gharbani, P. (2017). Response surface
methodology for optimizing adsorption process parameters
of reactive blue 21 onto modified Kaolin. Adv Environ
Technol, 2, 89-98.

Chen, S.; Zhang, J.; Zhang, C.; Yue, Q.; Li, Y. and Li, C.
(2010). Equilibrium and kinetic studies of methyl orange
and methyl violet adsorption on activated carbon derived
from Phragmites australis. Desalination, 252(1-3), 149-156.

Wakkel, M.; Khiari, B.; Zagrouba, F. (2019). Basic red 2
and methyl violet adsorption by date pits: adsorbent
characterization, optimization by RSM and CCD,
equilibrium and kinetic studies. Environmental Science and
Pollution Research, 26(19), 18942-18960.

Isam, M.; Baloo, L.; Kutty, S. R. M. and Yavari, S. (2019).
Optimisation and modelling of Pb (I) and Cu (II)
biosorption onto red algae (gracilaria changii) by using
Response Surface Methodology. Water, 11(11), 2325.



