¢/ Desalination and Water Treatment
www.deswater.com

() doi: 10.5004/dwt.2022.29017

278 (2022) 195-208
December

Response surface methodology for removal of methyl violet dye using
Albizia stem bark Lebbeck modified by Fe (MoO,), nanocomposite from
aqueous solutions and assessment relative error by neural network model
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ABSTRACT

The applicability of Albizia stem bark Lebbeck modified by Fe (MoO,), nanocomposite, was studied
for eliminating methyl violet dye from aqueous solutions. Identical techniques including (infra-
red, X-ray diffraction, and scanning electron microscopy) have been utilized to characterize this
novel material. The impacts of variables including initial methyl violet concentration (X)), pH
(X,), adsorbent dosage (X,), and sonication time (X,) came under scrutiny using central compos-
ite design under response surface methodology. The values of 20 mg L7, 0.03 g, 5.0, 3.0 min were
considered as the ideal values for methyl violet concentration, adsorbent, pH, and contact time,
respectively. Adsorption equilibrium and kinetic data were fitted with the Langmuir monolayer
isotherm model and pseudo-second-order kinetics (R* 0.999) with maximum adsorption capacity
(120.4 mg g), respectively. Thermodynamic parameters (AG®: -9.26 k] mol~, AH®: —29.24 k] mol
1, AS°: -131.49 k] mol™? K™), also indicated methyl violet adsorption is feasible, spontaneous and
exothermic. The observed outcome is the suitability of the artificial neural network model as a
tool for mean square error (ANN = 0.190, and FL = 0.3397), for the removal of methyl violet dye.
Opverall results confirmed that Albizia stem bark Lebbeck modified by Fe,(MoO,), nanocomposite
is an effective adsorbent for removing the dyes from an aqueous solutions.

Keywords: Methyl violet dye; Adsorption; Isotherms; Central composite design; Response surface

methodology; Neural network model

1. Introduction

The severity of water pollution has resulted from the
economic development adopted by humans overall in the
worldwide. Industries consume vast quantities of water
and generate an enormous amount of impurities, including
dyes, detergents, additives, suspended solids, aldehydes,
heavy metals, non-biodegradable matter, and insoluble
substances [1]. Wastewaters of industries like textile, paper,
rubber, plastic, leather, cosmetic, food, and drug contain
dyes, and pigments that are hazardous, and can cause skin

* Corresponding author.

irritation, and cancer due to the colorization of the water
[2,3]. During the past few years, there has been an increas-
ing concern regarding the residual dye in textiles, as it will
be released into the environment, and resist aerobic and
anaerobic conditions, heat, light, and oxidation. Residual
dye is produced when an incomplete or excess of dyes onto
textile fiber is incoming out during an aqueous dyeing and
washing process [4]. Therefore, it is necessary to remove
toxic dyes is required to safeguard human and eco-system
health from industrial wastewater [5].
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Methyl violet (MV), is a basic dye, with high brilliance
and intensity and is highly used in the industry. The seen
show structured (MV) dye in Fig. 1 [6,7]. Also, ingestion,
inhalation, skin contact, and long-term exposure can cause
eye and skin damage [8]. The harmful properties of (MV)
dye create urgency from industrial wastewater before being
discharged into the environment [9]. Various treatment
methods must remove dyes from contaminated wastewa-
ter, including advanced oxidation processes, catalytic deg-
radation, and adsorption. An adsorption is a promising
approach owing to its simple operational design, non-sus-
ceptibility to pollutants, reusability, high efficiency, low cost,
and relatively low waste production [10,11].

The adsorption method is especially suitable for solv-
ing dyes, environmental, gases, and metals problem, and
has many advantages, so it has become the focus and hot
spot of research. In comparison with other conventional
techniques (ion exchange, biological treatments, and elec-
trolysis), adsorption is one of the most successful and
uncomplicated techniques for deletion of toxic and nox-
ious contaminations. Its popularity is due to advantages
including higher efficiency lower waste, facile, and mild
operational conditions. The successfulness of adsorption
techniques in deletion of pollutants especially those which
are extremely stable in biological degradation process via
economically accomplishable mild ways [12-18]. Thus, the
extensive utilization of adsorption techniques for deletion
of numerous chemicals from aqueous solutions seems log-
ical [17,18]. In recent years, it has been tried to eliminate
specified organics from water samples by applying various
potential adsorbents. In this regard, magnetic nanoparti-
cles (MNPs) have been studied extensively as novel adsor-
bents with large surface area, high adsorption capacity and
small diffusion resistance. For instance, they have been
used for the separation of chemical species such as envi-
ronmental pollutants, metals, dyes, and gases [19,20]. Iron
oxide nanoparticles are widely used for metal remediation
due to their low toxicity and easy separation from water
media in addition, where the nanoparticle (NP) is com-
posed of magnetite, a facile magnetic separation of NPs,
along with associated contaminants, can be performed.
However, bare magnetite nanoparticles rapidly aggregate
in aqueous systems and are highly susceptible to transfor-
mations under many environmental conditions [21-24].

An artificial neural network model is a numerical esti-
mation technique, which to find nonlinear relationships
between input and output variables. Various topics, such as
modeling wastewater and aqueous solutions. This work was
to evaluate the use of an artificial neural network model to

(b)

Fig. 1. Structures of methyl violet (MV) dye: (a) 2B and (b) 10B.

predict the (MV) dye removal from wastewater by Albizia
stem bark Lebbeck modified by Fe,(MoO,), nanocomposite
[4,24,25]. The experimental conditions of pH of the solu-
tion, contact time, initial (MV) dye concentration, adsorbent
dosage, and the dye removal percentage, were investigated
and optimized by central composite design (CCD) under
response surface methodology (RSM). The adsorption of
(MV) dye follows the pseudo-second-order rate equation,
and Langmuir’s model for the equilibrium data explana-
tion. The capability of Albizia stem bark Lebbeck modified by
Fe,(MoO,), nanocomposite in eliminating (MV) dye from
aqueous solutions was demonstrated by evidence.

2. Experimental
2.1. Materials and instrumentation

All the chemicals used are of the highest purity and
purchased from Merck (Darmstadt, Germany). Methyl vio-
let dye (98%), ammonium heptamolybdate (99%), and iron
nitrate(III) (98.0%). The applied instruments were as follow:
spectrophotometer model 1601 PC (Shimadzu Company,
Japan). Infrared (IR) (Spectra model, PerkinElmer Company,
Germany). Scanning electron microscopy (SEM; Phillips
model, PW3710, Netherland), was used to study the mor-
phology of samples. An ultrasonic bath with a heating sys-
tem (Tecno-GAZ SPA Ultra Sonic System, Italy), was used
for the ultrasound-assisted adsorption procedure.

2.2. Preparation of Albizia stem bark Lebbeck

The Albizia stem bark Lebbeck powder, this material, is a
zero-value agricultural waste product. The off woody of the
Albizia stem bark Lebbeck powder plant, thoroughly washed
with water, and sun-dried for 5 d. The dried biomass was
milled and then fractionated using 100-300 m analytical
sieves and washed twice with 0.01 M HCI to remove any
dyes on the biomass [26].

2.3. Preparation of Albizia stem bark Lebbeck modified by
Fe,(MoO,), nanocomposite

The iron oxide-molybdenum nanocomposite was pre-
pared in a synergistic process by mixing the juice solutions
of heptamolybdate ammonium and iron nitrate mode as
follows: The container with the heptamolybdate ammo-
nium was placed, in a warm bath with a temperature of
70°C, and the iron nitrate solution was added slowly while
stirring the ammonium heptamolybdate solution. Then we
increased the bath temperature to 90°C. The sediment sus-
pension was stirred for 3 h. Stirring was stopped and the
suspension was placed in the laboratory for 2 h. The Albizia
stem bark Lebbeck modified by Fe,(MoQ,), nanocomposite pro-
duced suspensions were prepared from a leaf medlar with
an equal weight ratio and after analysis, Brunauer-Emmett—
Teller (BET), IR, X-ray diffraction (XRD) and SEM were
used as adsorbent [26,27].

2.4. Adsorption experiments

Generally, the sonochemical adsorption experiment was
carried out in a batch mode as follows: The Erlenmeyer
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flask was loaded with exact quantities of (MV) dye solution
(50 mL) at a specified concentration of 20 mg L™ and pH of
5.0 with a known quantity of adsorbent (0.03 g), while the
desired sonication time (3 min) was maintained at 25°C.
The adsorption trials were executed in mode, and the solu-
tion was ultrasonicated at conditions devised under RSM.
At the end of the adsorption process, the sample solution
was immediately centrifuged and the analysis of the dilute
phase was done for determining (MV) dye concentration
with the help of UV-Vis spectrophotometer at a wavelength
of 580 nm, as shown in Fig. 2. The equilibrium concentrations
and removal efficiency (%) of the (MV) dye were calculated
according to Eqgs. (1) and (2), respectively. All experiments

pH (X)), amount of adsorbent (X,), and contact time (X,)
on the ultrasonic-assisted adsorption of MV dye by Albizia
stem bark Lebbeck modified by Fe,(MoO,), nanocomposite.
Four levels at which the R% of (MV) dye as a response was
determined and shown in Tables 1 and 2. To evaluate the
essential, and effective terms for modeling the answer based
on F-test. P-values less than 0.05 are generally considered a
criterion for distinguishing statistically significant variables
[28,29].

Table 2
Design and the response

five times, and final results were presented as mean values. Run X, X, X, X, R% (MV) dye
C_C 1 10 5 0.030 3 100.0
R% =—"—=x100 @ 2 10 4 0.025 4 95.0
0 3 15 5 0.03 3 99.1
vic —c 4 10 6 0.025 4 94.0
q,= M %100 ) 5 20 6 0.015 5 90.4
M 6 10 5 0.035 2 100.0
where C; (mg L™) in the formula refers to the initial (MV) 7 10 7 0.025 6 95.0
dye concentration, and C, (mg L) represents the equilib- 8 15 8 0.025 4 96.0
rium (MV) dye concentration in an aqueous solution. V (L) 9 15 6 0.025 4 95.0
shows the solution volume, and W (g) signifies the mass 10 15 6 0.015 4 100.0
adsorbent [28]. 11 20 7 0.025 6 95.0
12 10 5 0.035 2 96.0
2.5. Central composite design 13 15 6 0.025 4 100.0
The central composite design, for modeling, and the 14 15 6 0.025 4 93.0
optimization of the effects of concentration of (MV) dye (X)), 15 10 5 0.015 6 81.8
16 15 6 0.025 4 76.8
0.2 17 20 5 0.015 6 96.5
0.18 18 15 6 0.005 4 100.0
0.16 19 20 5 0.015 2 80.0
L, 01t 20 10 7 0.035 2 92.5
3 012 21 20 5 0.015 2 95.0
5 O 22 20 6 0.035 2 99.2
£ o008
= .08 23 15 6 0.025 4 97.5
00z 24 10 5 0.035 4 100.0
0.02 25 15 5 0.025 6 95.0
] 26 10 4 0.015 6 96.0
300 400 500 500 700 800 27 5 6 0.025 4 777
Wawvelength (nm) 28 10 4 0.015 6 97.7
Fie. 2 Ab ) £ M) d Albizia stem bark 29 10 5 0.035 4 99.1
ig. 2. sorption spectra o ye onto 1zia stem bar
Lebbeck modified by Fe,(MoO,), nanocomposite. 30 15 7 0.025 2 %50
Table 1
Experimental factors, levels, and matrix of CCD
Factors Symbol Levels Star point a.=2.0
Low (-1) Central (0) High(+1) —a +a.
Conc. (MV) dye (mg L) (X)) 10.0 15.0 20.0 5.0 25.0
pH (X,) 2.0 5.0 6.0 40 8.0
Conc. sorbent (g) (X,) 0.015 0.025 0.03 0.075 0.035
Time (min) (X, 2.0 3.0 4.0 2.0 6.0
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2.6. Artificial neural network

In recent years in different fields of science, various appli-
cations of artificial neural network models were provided.
Therefore, the application of intelligent systems, including
the use of artificial neural network, is expanding to model
complex systems. The artificial neural network can accu-
rately describe complex and nonlinear relationships with
precise rules. Due to the high accuracy, the artificial neu-
ral network is one of the best tools to predict the results of
processes using laboratory data. Similar studies confirm
this fact. In this research, modeling by MATLAB software.
To identify this model, also we must introduce our data to
software in normalized view [30].

In the network, neurons are in several layers. These lay-
ers are the input layer, a hidden layer or layers (middle),
and (MLP), a layer of perceptron, multilayer outputs. Each
neuron to all neurons in the next layer, but there are no
connections between neurons in one layer. A model artifi-
cial neural network (ANN) with four input layers (initial
(MV) dye concentration, Albizia stem bark Lebbeck modified
by Fe,(MoO,), nanocomposite dosage, pH, and time), were
detected at epoch numbers 50, and 32 experimental points
to feed of the model were employed. Mean squared error
(MSE), based on the function, error performance function
showed a minimum value of five neurons. Data points
in the training, test, and validation sets contained 70%,
15%, and 15%, respectively, and the data set was derived.
In the present study, Levenberg-Marquardt backprop-
agation algorithm the network [31,32].

This algorithm: All samples were normalized between
0-1, to achieve fast convergence, commensurability of
the scale of the input, as well as the minimal R, values.
The normalized values of data according to Eq. (3):

X-X .
— min 3
o Xmax - Xmin ( )

where X is a variable, but X  _and X _ refer to the mini-
mum value and the maximum value, respectively. Statistical
parameters: correlation coefficient (R?), the mean squared
error (MSE), total squared error (SSE), and standard devi-
ation (SD) are calculated through Egs. (4)-(7), respectively
[30-32].
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3. Results and discussion
3.1. Characterization of adsorbent

3.1.1. BET; analysis of Albizia stem bark Lebbeck
modified by Fe,(MoO,), nanocomposite

The nitrogen adsorption—-desorption isotherm at 77 K
onto Albizia stem bark Lebbeck modified by Fe,(MoO,), nano-
composite is presented in Fig. 3. The adsorption capacity
with an increase in the number of adsorbed Fe,(MoO,),
nanocomposite, the relative partial pressure range on the
adsorption isotherms gradually decreases. Because the
Fe,(MoO,), nanocomposite, in the composite spread into
Albizia stem bark Lebbeck channels, made the channels, nar-
row and the pore volume decrease. By comparing the pore
size distribution of the samples, it can be that with the
increase in the adsorbed Fe,(MoQO,), nanocomposite, the
most probable pore diameter. Because, when the Fe (MoO,),
nanocomposite, was introduced into the Albizia stem bark
Lebbeck channels, the most probable pore diameter reduced,
indicating that the Fe,(MoO,), nanocomposite, entered the
Albizia stem bark Lebbeck channels, shown in Table 3 [33].

3.1.2. IR, XRD, and energy-dispersive X-ray
spectroscopy analysis

The IR spectra of Albizia stem bark Lebbeck and Albizia
stem bark Lebbeck modified by Fe,(MoO,), nanocomposite in
the 500—-4,000 cm™ wave number range, as demonstrated in
(Fig. 4a). While the broad signals at 1,016.45-1,059.99 cm™
is ascribable to C-H stretching from phenolic and alcoholic
groups, the one at 776.5 cm™ is attributable to Fe-O. Also
the apparent signals at 3,101.21 and 3,418.89 cm™ are attrib-
utable to C-OH stretching [26,27]. Fig. 4b represents the
X-ray diffraction of the Albizia stem bark Lebbeck modified
by Fe,(MoO,), nanocomposite adsorbent. The peaks at at
20 =21.45°, 33.0°, 37.2°, 44.75°, 56.0° and 62.0° belong to the
lattice planes of at (111), (220), (311), (400), (440), and (511),
confirming the cubic structure of Albizia stem bark Lebbeck
modified by Fe,(MoO,), nanocomposite. However the
great intensity of signal at 37.2° (311) confirmed that there
is a slight amount of amorphous state material. Indeed, the
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Fig. 3. N, gas adsorption/desorption isotherms of Albizia stem
bark Lebbeck and Albizia stem bark Lebbeck modified by Fe,(MoO
nanocomposite.
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pared of Albizia stem bark Lebbeck modified by Fe,(MoO,), nanocomposite, (c) EDX spectrum of prepared Albizia stem bark Lebbeck,
and (d) EDX spectrum of prepared Albizia stem bark Lebbeck modified by Fe, (MoO,), nanocomposite.

perfect synthesis of MgO-5iO, NPs can be judged through
looking at its XRD pattern [34]. The energy-dispersive X-ray
spectroscopy (EDX) spectrum of Albizia stem bark Lebbeck
is exhibited in Fig. 4c. It is worthy of note that, functional-
ized Albizia stem bark Lebbeck modified by Fe,(MoO,), nano-
composite became uneven. In Fig. 4d, the EDX spectrum
of Albizia stem bark Lebbeck modified by Fe,(MoO,), nano-
composite is shown [34,35].

3.1.3. Surface morphology

The morphological properties of Albizia stem bark Lebbeck
modified by Fe,(MoO,), nanocomposite was investigated
by SEM and is exhibited in Fig. 5. The evenness, homogene-
ity, orderliness and approximate uniformity of synthesized
Albizia stem bark Lebbeck modified by Fe,(MoQ,), nanocom-
posite (even in size distribution) can be observed. Albizia
stem bark Lebbeck modified by Fe,(MoO,), nanocomposite
after surface modification came to be uneven, bigger and
agglomerate. It can be seen that the particles are mostly
spherical with the various size distribution as they form
agglomerates. Based on the particles size distribution, we

obtained the average particle size in the range of 40-60 nm
very close to those determined by XRD analysis [32].

3.2. Point-of-zero charge

The adsorption mechanism of (MV) dye is better under-
stood by determination of surface charge of the adsorbent
which is determined from the potential zeta study. The
Point (pH ), variation is shown in Fig. 6. This value indi-
cates that the sorbent surface can acquire a positive charge
at pH <pH_ . By contrast, the surface charge of the sorbent
is negative at the solution pH of 5, indicating the capabil-
ity of (MV) dye adsorption onto Albizia stem bark Lebbeck
modified by Fe,(MoO,), nanocomposite. The pH value of
the solution affects the surface charge of the adsorbent
and the uptake behavior and efficiency of the adsorbent as
shown in Fig. 6 [36].

3.3. A comparative study

The adsorption percent of MV dye onto each of
Fe,(MoQO,), NPs, Albizia stem bark Lebbeck, and Albizia
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Albizia stem bark Lebbeck and Albizia stem bark Lebbeck modi-
fied by Fe,(MoO,), nanocomposite [C; = 20.0 mg L™; pH = 5.0;
dosage sorbent = 0.03 g; time = 3.0 min].

stem bark Lebbeck modified by Fe,(MoO,), nanocompos-
ite at the optimum condition, and the obtained results
in Fig. 7 [5,28]. As can see, the trend of the effectiveness
of mentioned adsorbents for removing MB from aque-
ous media is as follows: Albizia stem bark Lebbeck modified

by Fe,(MoQ,), nanocomposite (99.2%) > Albizia stem bark
Lebbeck (83.7.0%) > Fe,(MoO,), NPs (71.4%).

3.4. Modeling process

Analyzing accurate data from the RSM is another practi-
cal application of Design-Expert STATISTICA 10.0 software.
RSM is a statistical method used to perform experiment
analysis, modeling, and process optimization. In an RSM
model, the response variable (Y) is affected by several inde-
pendent variables (X, X,, X,, and X ). RSM, the most com-
plex model is the second-order or quadratic model, which
includes the relationship between response and indepen-
dent variables (contains components such as first power,
interactive impacts, polynomial function, and intercept
point). The quadratic model by Eq. (8) [36,37].

R%(MV ) dye =95.709 - 2.1767 X, —1.0258X,
+0.94833X, +6.3233X, +2.0955X
~1.4350X X, +1.3388X X, +2.9638X X,
~1.1638X,X; +0.69000X, X, +1.0650X,X,
~1.3900X,X, - 1.6612X,X, +1.4612X, X
~1.9138X, X, +0.66726X; +0.91726X;
-0.020244X; - 2.8327X; - 0.41595X2 ®)

The value of the determination coefficient for deleting
(MV) dye in Table 4, it has been noticed that the response
surface quadratic model was a befitting model for predict-
ing the function of (MV) dye adsorption on Albizia stem
bark Lebbeck modified by Fe (MoO,), nanocomposite.

2

3.5. RSM analysis

Response surface methodology (RSM) was utilized
to ameliorate the optimization and estimation of all sig-
nificance interaction of variables and the relative sig-
nificance of adsorption processes. Fig. 8 exhibits the
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Table 3
Characterization analysis BET of sorbent

Characterization Samples
Albizia stem Albizia stem bark Lebbeck
bark Lebbeck modified by Fe,(MoO,),
Correlation coefficient 0.9972 0.9915
Surf; 271 45.84 45.17
BJH desorption urface area (m- g7)
Pore volume (cm® g) 0.9202 0.8917
Surf 2gl 90.27 89.80
BJH adsorption urface area (m*g”)
Pore volume (cm® g™) 0.9493 0.9288
Table 4
Analysis of variance for the full quadratic model
Source of variation DF (MV) dye
Sum square Mean square F-value P-value
Model 14 3,105 157.8 22.89 <0.0001
X, 1 151.68 151.68 23.64 0.00054
X, 1 793.2 793.2 112.3 <0.0001
X, 1 13.87 13.87 2.2 <0.0001
X, 1 31.98 31.98 4.638 0.1705
XX, 1 74.512 74.512 8.78 0.051
XX, 1 33.015 33.015 3.88 0.0476
XX, 1 202.18 202.18 486.87 0.0002
XX, 1 12.78 12.78 31.044 <0.0001
XX, 1 0.486 0.486 1.1849 0.0105
XX, 1 3.102 3.102 7.521 0.015031
XX, 1 225.63 225.63 545.16 <0.0001
X2 1 24.53 24.53 2.85 0.11233
X2 1 0.012118 0.012118 0.001389 0.0105
X2 1 234.02 234.02 27.196 0.0178
X2 11 8.330 8.330 1.259 0.2849
Residual 5 72.78 6.611
Lack of fit 6 44.05 7.433 1.278 0.3982
Pure error 31 28.86 5.737
Cor. total 3082

three-dimensional surface response plots of this interac-
tion. The plots were prepared for a specified pair of fac-
tual factors at optimal and fixed values of other variables
[37,38]. A positive increase in the (MV) dye removal per-
centage with the increase in adsorbent mass. Significant
diminish in removal percentage of the lower amount of
Albizia stem bark Lebbeck modified by Fe,(MoO,), nano-
composite is attributed to the higher ratio of (MV) dye
molecules to the vacant sites of the adsorbent. Maximum
(MV) dye deletion of 100%, the optimum conditions were
as follows: pH of 5.0, ultrasound time of 3.0 min, the
adsorbent mass of (0.03 g), and initial (MV) dye equal
to 20.0 mg L7, for (MV) dye. Based on the excellent con-
formity between the experimental and prediction data,

successfully for the evaluation and optimization of the
influences of the adsorption independent variables on the
removal efficiency of (MV) dye from aqueous media with
the help of Albizia stem bark Lebbeck modified by Fe,(MoO,),
nanocomposite [39,40].

3.6. Optimization of CCD

The profile for desirable option with the predicted val-
ues in the STATISTICA 10.0 software was used for the
optimization of the process shown in Fig. 9. Based on the
excellent conformity between the experimental and predic-
tion data, successfully for the evaluation and optimization
of the influences of the adsorption independent variables
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on the removal efficiency of (MV) dye from aqueous media
with the help of Albizia stem bark Lebbeck modified by
Fe,(MoQO,), nanocomposite [37,38].

3.7. Modeling of the artificial neural network process

In Figs. 10 and 11, the plots of errors histogram for the
adsorption processes, are demonstrated, indicating that the
errors in this removal process are low. The net training pro-
cess in this study, the MSE based on the function of error
[30,31]. This method with four input layers (viz., initial
(MV) dye concentration, Albizia stem bark Lebbeck modified
by Fe,(MoOQ,), nanocomposite dosage, pH, and time) based
on the output layers (determining of target compounds) as
shown in Table 5. The performance of the neuro-fuzzy logic
model (FL), and artificial neural network model (ANN) in
predicting the separation percentage is much better and
very similar and close to the actual data, and the results
are excellent and acceptable. Indicates that the neuro-fuzzy
logic model (FL), and artificial neural network model (ANN)
have the lowest mean error and the highest value of cor-
relation coefficient for removal of the (MV) dye onto Albizia
stem bark Lebbeck modified by Fe,(MoO,), nanocomposite.

The mean square error of 0.19 for the ANN, and 0.3397
for the FL, for removed (MV) dye, and the values of cor-
relation coefficient in the artificial neural network model
(ANN), and neuro-fuzzy logic model (FL), were 0.9977
and 0.9121, is shown in Table 5, respectively [31,32].

The summary results relative to parameters of the
model, are compared in Table 5. The lowest determination
error for removal of the (MV) dye onto Albizia stem bark
Lebbeck modified by Fe,(MoQO,), nanocomposite in demon-
strated process.

3.8. Adsorption isotherms

Considering the variation of equilibrium adsorption
capacities in terms of the equilibrium concentration (C) of
the adsorbate, under the optimum values of other param-
eters, we can examine some suitable isotherms for repre-
senting the respect experimental data [41-43]. Fulfill this
goal, we compared the experimental results with the three
most common isotherm models, including Langmuir,
Freundlich, and Temkin isotherms. The nonlinear form of the
model was used for fitting the experimental data (Table 6).
The respective equations for these models are as follows:
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©)
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q,=4, (B’T In ATCE) Temkin model (11)
where g, represents the maximum value of g, which is
necessary for the monolayer covering of the whole surface

of the used adsorbent. Choose q K,” = K,, the Freundlich
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Table 6

Adsorption isotherm models of (MV) dye onto Albizia stem
bark Lebbeck modified by Fe,(MoO,), nanocomposite

Isotherm Parameters R% (MV) dye

q, (mgg™) 120.4
Langmuir K, (Lmg™) 0.489

R? 0.9899

1/n 0.54
Freundlich K, (mg)~ L" g™ 4.06

R? 0.9805

B, (J mol™) 15.16
Temkin K, (Lmg™) 6.875

R? 0.9722

Bslative Enror FL L

Run Number

Fig. 11. Comparison of relative error in output data of ANN,
and FL models.

Table 5
Statistical comparison of two models, ANN, and FL

Models SSE MSE AARE SD R?
ANN 9.34 0.190 0.03 0.154 0.9977
FL 16.04 0.3397 2.50 44.32 0.9121

model, and g, B’ = B, the Temkin model. The linear equation
of the models mentioned above, respectively follows:

i1 1 (12)
7. 4.KC. a,

1
Ing, :ZIHCE +InK, (13)
q,=B,InC,+B,InA, (14)

C,=20.0 mg L'; pH =5.0; dosage sorbent = 0.03 g; time = 3.0 min;
T=25°C.

3.9. Adsorption kinetics survey

Kinetic models help the evaluate performance of var-
ious adsorbents for the removal of dyes. The many kinetic
models developed chiefly used are Lagergren’s pseu-
do-first-order Kkinetics and pseudo-second-order model
[44,45].

Quasi-first-order kinetic model formula is:

k
ln(qe - ‘7:) =Ing, - 2.3103t (15)

Quasi-second-order dynamic model formula is:

t 1 t
—= +— 16
9, kg a, (o)

where g, and g, are the sorption quantity at time ¢ and equi-
librium, respectively, and k is the rate consistent, a plot of
t/q via t gives the pseudo-second-order adsorption. Pseudo-
second-order rate is constant from the respective fields.
From the experimental results, the removal of (MV) dye
follows the pseudo-second-order rate shown in Table 7 [45].

3.10. Adsorption thermodynamics

Temperature is one of the most important factors in dye
removal efficiency by focusing on changes in the nature of
the reactions (exothermic or endothermic) to reveal spon-
taneous and non-spontaneous reactions, parameters can be
used in Egs. (17) and (18) [45,46].

AG®, =—RTInK. 17)

AS° AH®
an — Sad _ ad

18

TR RT (18)
where T is temperature in Kelvin. Values of the K. were
calculated at 288.0 at 338.0 K temperatures. AG® upon be
negative indicating that the studied adsorption process is
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spontaneous in the range of used temperature, AH° < 0,
indicates that the studies adsorption is exothermic. Based
on the magnitude of AH®, we can say that the mentioned
adsorption should be physic sorption one, and van der walls
interactions are responsible for adsorption taking place.
AS° < 0, indicates a decrease in randomness that occurs
during (MV) dye adsorption onto Albizia stem bark Lebbeck
modified by Fe,(MoO,), nanocomposite, which may come
from the (MV) dye aggregation on the Albizia stem bark
Lebbeck modified by Fe,(MoQO,), nanocomposite surfaces.
The results are seen in Table 8 [46,47].

3.11. Adsorption mechanism of (MV) dye into Albizia stem bark
Lebbeck modified by Fe,(MoO,), nanocomposite

The adsorption mechanism of the (MV) dye onto the sur-
face of the Albizia stem bark Lebbeck modified by Fe,(MoO,),

Table 7

Various kinetic constants and their correlation coefficients
calculated for the adsorption of (MV) dye onto Albizia stem
bark Lebbeck modified by Fe,(MoO,), nanocomposite

Models Parameters R% (MV) dye
k, (min™) 1.54
Pseudo-first-order kinetic g, (mg g™) 98.12
R? 0.96.08
k, (min™ 0.507
Pseudo-second-order 2 gzm i) 106.6
kinetic 1. \m& & :
R? 0.9998
q (exp) (mg g™') 51.45

C,=20.0 mg L™'; pH =5.0; dosage sorbent = 0.03 g; time = 3.0 min;
T=25°C.

r A AN

i

s Electrostatic attractions
T-m imteractrons
- H-bonding interactions

nanocomposite can be inferred from the analysis of the
Fourier-transform infrared spectroscopy results, in which
the presence of functional groups (-O, MoO,, and Fe-O) on
the surface was confirmed (Fig. 12), shows the various poten-
tial interactions that may occur between the (MV) dye and
the Albizia stem bark Lebbeck modified by Fe (MoQO,), nano-
composite surface. Interactions are favored owing to the
cationic nature of the dye with the negative surface charges
of the Albizia stem bark Lebbeck modified by Fe,(MoO,), nano-
composite. Interactions likely involve hydrogen bonding
between the acceptor and the donor groups of the Albizia
stem bark Lebbeck modified by Fe(MoO,), nanocompos-
ite — MV dye [12,36]. With m-m interactions between the
p-electron system of the Albizia stem bark Lebbeck modified
by Fe,(MoO,), nanocomposite structure and the aromatic
rings of the (MV) dye molecules. In neutral and weak
alkaline conditions, (MV) dye exhibits substantial proton
loss and exists as free ions in the solution, thus inhibiting

Table 8
Thermodynamic parameters for the adsorption of (MV) dye

onto Albizia stem bark Lebbeck modified by Fe,(MoO,), nano-
composite
Dye T(K) K. AG° AH° AS°
(k] mol™) (k] mol™) (kJ mol™? K1)

288 47.5 -9.26

308 572 -10.36
(MV) dye

318 96.3 -12.08 -29.24 -131.49
(20mg L)

328 145 -13.57

338 291 -15.94

C,=20.0mg L™; pH =5.0; dosage sorbent = 0.03 g; time = 3.0 min.

=

o

Al & N

|
/\l a
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Fig. 12. Illustration of the possible interaction between (MV) dye and surface Albizia stem bark Lebbeck modified by Fe,(MoQO,),

nanocomposite.
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the chemical adsorption to some extent. The structure of
Albizia stem bark Lebbeck modified by Fe,(MoQO,), nanocom-
posite, especially after modification, tempers the negative
effect via physical adsorption [48].

3.12. Effect of solution ionic strength

Most dye wastewaters contain salts, and dye adsorp-
tion is strongly influenced by the concentration and nature
of these ionic species. The presence of any ion could affect.
Selected concentrations of NaCl, in the range of (0.01-1.0 M),
were added to individual beakers containing 50 mL of the
tested (MV) dye solution (20 mg L). The solution pH and
Albizia stem bark Lebbeck and Albizia stem bark Lebbeck modi-
fied by Fe,(MoO,), nanocomposite dosage were fixed at 5.0
and 0.03 g, respectively, and the stirring time was 3.0 min.
The mixing time elapsed, for the residual dyes, results indi-
cated that the adsorption Albizia stem bark Lebbeck and Albizia
stem bark Lebbeck modified by Fe,(MoO,), nanocomposite
for (MV) dye were not significantly affected by increasing
NaCl concentration. Indicates that Na" and Cl- ions do not
compete with the positively or negatively charged groups
of the (MV) dye molecules for being adsorbed onto Albizia
stem bark Lebbeck and Albizia stem bark Lebbeck modified

by Fe,(MoO,), nanocomposite. The results seen in (Table 9).

3.13. Recycling of the adsorbent

The ability to recover, and reusing of the adsorbent
was tested in several steps of adsorption, and desorption.
The result is shown in Fig. 13. As shown in Fig. 13, 98%
of (MV) dye was desorbed from the adsorbent after the
first cycle, and after 6 cycles, there were slight changes in
(MV) dye desorption. So, it was concluded that the desired
removal of 98% could be achieved after 6 cycles [29,49].

3.14. Comparison of various adsorbent

A comparison of the maximum adsorption capacities of
different adsorbents for the removal of (MV) dye was also
reported in Table 10. The outcomes of the table clearly show
that the sorption capacity of utilized sorbent in the current
study is significantly high, and adsorption capacity, and
contact time in this article is superior to other adsorbents

Table 10
Comparison of results for this work with other reported
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Fig. 13. Desorption of (MV) dye from Albizia stem bark Leb-
beck modified by Fe,(MoO,), nanocomposite [C, = 20.0 mg L;
pH =5.0; dosage sorbent = 0.03 g; time = 3.0 min; T = 25°C].

Table 9

Effect of the ionic strength on the removal of the (MV) dye onto
Albizia stem bark Lebbeck, and Albizia stem bark Lebbeck modified
by Fe,(MoO,), nanocomposite

NaCl R% (MV) dye onto Albizia R% (MV) dye

M) stem bark Lebbeck modified by onto Albizia stem
Fe,(MoO,), nanocomposite bark Lebbeck

0.00 95.7 79.2

0.02 96.2 79.1

0.04 96.04 79.15

0.06 96.0 79.12

0.08 96.5 79.06

0.1 96.6 79.16

0.2 96.1 79.2

0.4 96.9 79.15

0.6 96.6 79.10

0.8 96.2 79.07

1.0 96.2 79.12

C,=20.0 mg L'; pH =5.0; dosage sorbent = 0.03 g; time = 3.0 min;
T=25°C.

Dye Adsorbent Dosage pH Time Adsorption References
sorbent capacity

Methyl violet (MV) Sawdust/Fe,O, composite 028 ¢g 9.0 50 min 46.8 mg g [1]

Methyl violet (MV) HNT-Fe,0O, composite 015g 5.0 10 min 20.04 mg g™ [6]

Methyl violet (MV) B-cyclodextrin onto mesoporous silica 0.05g 6.0 5 min 34.5mgg?! [7]

Methyl violet (MV) Peanut straw char rice 05g 5.0 30 min 101.01, 48.64 and [8]

70.36 mg g™

Methyl violet (MV) Sanctae-Crucis 20g 8.0 80 min 102 mg g™ [9]

Methyl violet (MV) Acid modified activated carbon 0lg 7.0 25min 833 mgg™ [47]
Methyl violet (MV) Albizia stem bark Lebbeck modified by 0.03g 5.0 3 min 1204 mg g This work

Fe,(MoO,), nanocomposite
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to remove (MV) dye. In general, morphology, particle
size and distribution and surface structure of this sorbent
were effective in its successful outcomes.

4. Conclusion

In this study, a thorough investigation was performed
on the effectiveness of synthesized Albizia stem bark Lebbeck
modified by Fe,(MoO,), nanocomposite as an adsorbent for
the deletion of (MV) dye from aqueous solutions. In this
research, the values of 20 mg L, 0.03 g, 5.0, and 3.0 min, the
ideal values for (MV) dye concentration, adsorbent mass,
pH, and contact time, respectively. Adsorption equilibrium
and kinetic data were fitted with the Langmuir mono-
layer isotherm model (q: 0.9899) and pseudo-second-or-
der kinetics (R* 0.999). Thermodynamic parameters (AG®:
-9.26 k] mol™, AH®: —29.24 k] mol™, AS°: -131.49 k] mol™ K™)
also indicated methyl violet dye adsorption is feasible,
spontaneous, and exothermic. The observed outcome the
suitability of the artificial neural network model as a tool
for mean square error (ANN = 0.190, and FL = 0.3397), for
the removal of methyl violet dye. The adsorbent was recy-
clable more than once and obtained an ideal adsorption
capacity (120.4 mg g™), for methyl violet dye. According to
the results, Albizia stem bark Lebbeck modified by Fe,(MoO,),
nanocomposite could as a reusable adsorbent, it would
be an economically viable option that can lead to aqueous
solutions advancement and high-quality treated effluent.
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