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Abstract: A membrane composed of polyethylene terephthalate nanofiber and multi-walled carbon
nanotubes (PET NF-MWCNTs) composite is used to adsorb methylene blue (MB) dye from an
aqueous solution. Scanning electron microscopy, Fourier transform infrared spectroscopy, and X-
ray diffraction techniques are employed to study the surface properties of the adsorbent. Several
parameters affecting dye adsorption (pH, MB dye initial concentration, PET NF-MWCNTs dose,
and contact time) are optimized for optimal removal efficiency (R, %) by using the Taguchi L25 (54)
Orthogonal Array approach. According to the ANOVA results, pH has the highest contributing
percentage at 71.01%, suggesting it has the most significant impact on removal efficiency. The
adsorbent dose is the second most affected (12.08%), followed by the MB dye initial concentration of
5.91%, and the least affected is the contact time (1.81%). In addition, experimental findings confirm
that the Langmuir isotherm is well-fitted, suggesting a monolayer capping of MB dye on the PET-NF-
MWCNT surface with a maximum adsorption capacity of 7.047 mg g−1. Also, the kinetic results are
well-suited to the pseudo-second-order model. There is a good agreement between the calculated (qe)
and experimental values for the pseudo-second-order kinetic model.

Keywords: taguchi approach; ANOVA; nanofibers; methylene blue; adsorption; removal efficiency;
multi-walled carbon nanotubes

1. Introduction

Chemical and biological effluents from industrial processes contribute to environmen-
tal pollution and resource depletion [1]. Industrial dyes, for example, are widely used in
a diverse range of industries, including textiles and the food industry. Furthermore, they
are utilized in cosmetics and paintings, and they are released into the environment regularly.
Based on current estimates, between 10% and 15% of the 0.8 million tons of dyes generated
yearly around the globe are harmful to the environment and human health [2]. One of
the most commonly used dyes in the medical, chemical, and biological fields is methylene
blue (MB), a cationic dye [3]. When humans or animals consume MB dye, they may notice
complications such as eye burns, rapid breathing, nausea, and vomiting. Unfortunately, it
has been reported that various symptoms may manifest themselves in both humans and
animals when MB dye accumulates in wastewater [4,5].
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As a result, several physicochemical and biological wastewater treatment strategies
have been effectively adopted [6]. Membrane filtration [7], photodegradation [8–12], irra-
diation [13], biological treatment [14], adsorption [15–19], and ultrasonic-assisted adsorp-
tion [20] are all strategies for wastewater recovery. Adsorption is still the most common
way to get rid of contaminants from aquatic environments [18,21–23] because it is simple,
effective, and cheap. When considering adsorption capacity, it is critical to examine the
adsorbent’s physicochemical parameters and chemical composition. Particle dispersion,
shape, and size are all aspects of physicochemical features. Importantly, the adsorption
process is easily controllable and modelable [24,25], a significant advantage.

Different materials, such as metal-organic frameworks (MOFs) [26], nanoscale zero-
valent irons (nZVI) [27], and carbon nanotubes (CNTs) [28,29], have been employed to remove
various contaminants from wastewater in the past few years. CNTs are used to remove
dyes from wastewater due to their high mechanical strength, low cost, and high affinity for
pollutant molecules [30]. Carbon nanotubes (CNTs) can be modified via polymers to enhance
their electrical, mechanical, and thermomechanical characteristics [31,32]. It was because
of their high surface area, high porosity, hollow and layered structures, and electrical and
hydrophobic interactions with pollutant ions. They have attracted the attention of those
interested in removing dye pollutants from wastewater [33,34]. They are classified as single-
walled carbon nanotubes (SWCNTs) and multi-walled carbon nanotubes (MWCNTs) [35].
The layout of graphene cylinders change between the two types of CNTs. MWCNTs are
created by rolling graphene into concentric tubes (many layers) and then connecting them
to form a single structure. They have higher adsorption effectiveness than SWCNTs due to
their greater surface area per unit weight [36].

Nanotechnologies are vital to preventing undesirable health effects and promoting
environmental protection [37] when it comes to environmentally friendly technologies
such as wastewater treatment [38] and air purification techniques [39]. Electrospinning
has evolved into a straightforward and dependable technology for producing polymer
nanofiber membranes with wide pore sizes and a high surface area [40,41]. They have
been widely employed in various applications, including tissue engineering, oil/water
separation, catalysis, energy storage/conversion, and adsorption [42–45]. Furthermore, by
introducing nanoparticles as additives into a polymer nanofiber membrane, the resulting
nanocomposite membrane can be increased in other characteristics, such as adsorption,
while demonstrating just a modest loss in membrane permeability. Different nanocomposite
membrane fabrication strategies can be traced to these blended nanomaterials’ enhanced
surface modification capabilities. These methods may make it easier to remove ions and
speed up the adsorption process [46–48].

This work aims to provide a detailed insight into how PET NF-MWCNTs composites
can effectively remove the MB dye from an aqueous solution. The effects of various param-
eters on the adsorption of MB dye on composites are thoroughly studied. Solution pH, MB
dye concentration, PET NF-MWCNTs dose, and contact time. Additionally, the isotherms,
kinetics, and mechanism of the adsorption process are determined. The results show
that removing MB dye from a solution using a PET NF-MWCNTs composite adsorbent is
successful. The current work is shown schematically in Scheme 1.
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Scheme 1. The schematic representation of the current work methodology.

2. Materials and Methods
2.1. Materials

MWNTs were provided by the National and Medical Science Research Center, Nizwa,
Oman [49]. MB (C16H18N3SCl.3H2O) dye was purchased from Sigma Aldrich, with λmax of
660 nm. Sodium hydroxide (NaOH, 98%) and hydrochloric acid (HCl, 37%) were purchased from
Scharlau. All chemicals were analytical grade and used immediately, without any purification.

2.2. Preparation of PET NF-MWCNTs Composite

Similar to the previous work [50], PET NF was fabricated by electrospinning. The
materials were dissolved in acetone with stirring for 2 h at room temperature. The materials
were dissolved in acetone with stirring for 2 h at room temperature. Factors influencing the
electrospinning process were adjusted to1 mL/h, 15 cm, 5%, and 15 kV for flow rate, needle
to collector distance, PET concentration, and the applied voltage, respectively. Preparing
the PET NF-MWCNTs composite started with 0.185 g of PET NF, which was treated with
3.0 mL of 0.5 M NaOH and 15 mL of deionized (DI) water to form an initial composite. By
treating the PET NF surface with NaOH, the NF surface became more hydrophilic, allowing
for the coating of MWCNTs in an aqueous solution [51,52]. The mixture was stirred for
30 min until homogeneous at room temperature. In the next step, the treated PET NF was
thoroughly washed with deionized (DI) water many times before being allowed to dry at
room temperature for 24 h. In the following step, the dried NF was soaked in an aqueous
solution containing 0.02 g MWCNTs and 3.0 mL of deionized (DI) water in a glass petri
dish (Ø18 cm) and allowed for drying at room temperature for 48 h before being used.

2.3. Methylene Blue Adsorption Batch Studies

The MB dye adsorption performance was optimized by adjusting the contact time,
MB dye concentration, and PET NF-MWCNT dose. The pH of the mixture was adjusted
after 3.0 mL of MB dye solution was mixed with a weighed sample of PET NF-MWCNTs
composite. Before centrifugation, the mixture was agitated at 150 rpm for a set time at a
constant temperature. When the spectra were taken using a spectrophotometer (JENEWAY-
7315 Spectrophotometer, Staffordshire, United Kingdom), it was possible to determine how
much MB dye was present in the supernatant.
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The adsorption capacity (q) at equilibrium and time were calculated using Equations (1)
and (2), while the dye removal percentage (R%) was calculated using Equation (3) [25,53,54]:

qe =
(Ci − Ce )× V

m
(1)

qt =
(Ci − Ct )× V

m
(2)

R% =
Ci − Ce

Ci
× 100 (3)

where Ci is MB dye initial concentration (mg L−1), Ce is MB equilibrium concentration
(mg L−1), Ct is MB concentration at time (mg L−1), V is solution volume (L), and m is the
mass of adsorbent (g).

2.4. Characterization of PET NF-MWCNTs Composite

The scanning electron microscope (SEM), Fourier transform infrared spectroscopy
(FTIR), and X-ray diffraction (XRD) techniques were used to characterize the PET NF-
MWCNTs composite that was synthesized in this study. The QuantaTM 450 FEG was used
to study the surface of the adsorbent material. The functional groups of the adsorbent
were determined using a Shimadzu Prestige-21 spectrometric analyzer before and after
MB adsorption. The X-ray diffractometer, Bruker-D8 Advance, was used to estimate the
crystal structure of the composite across a 20–80◦ range (Cu-Kα radiation with λ = 1.54 Å).
The pH measurements were carried out using a pHS-3C digital pH meter (made by Rex
Instruments Factory in Shanghai, China).

2.5. Optimization of Adsorption Parameters

The Taguchi approach optimizes various operations while maintaining a cost-effective
approach. Using orthogonal arrays (OA) enables the investigation of a large number
of parameters with a limited number of tests [25,55]. The OA produces a set of well-
balanced (minimal) experiments and the desired output in terms of optimal experimental
circumstances, acts as an objective function for optimization, facilitates data interpretation,
and predicts optimal results. Using Minitab 2019 (Minitab Inc., State College, PA, USA),
an orthogonal L25 array with four tunable parameters (pH, initial MB dye concentration,
adsorbent dose, and contact time) was selected. Each modifiable parameter was evaluated
at five distinct levels, namely, L1, L2, L3, L4 and L5. The controllable parameters and
their values used in the Taguchi design are summarized in Table 1 [56,57]. According
to the arrangement shown in Table 1, a comprehensive factorial experimental design
with four parameters and five levels per parameter would need 54 (625) experiments for
this layout. The orthogonal array can reduce the number of experiments from 625 to 25,
resulting in a considerable decrease in time and cost. It was decided to use the orthogonal
array of L25 for this study because of its complexity and the available resources [58].

Table 1. Controllable parameters and their associated levels.

Parameter
Levels

1 2 3 4 5

pH 4 5 6 7 8
MB Initial concentration (mg L−1) 10 20 25 30 40

Adsorbent dose (g) 0.001 0.002 0.004 0.006 0.008
Contact time (min) 10 20 40 80 120

The Taguchi approach includes transforming the obtained experimental data into
a signal-to-noise (S/N) ratio, which could then be used to assess the experiments’ quality
and the validity of the results. When the words “signal” and “noise” are used in conjunction
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with an output characteristic, they refer to the desired value (mean) and the undesirable
value (standard deviation), respectively. According to Equation (4), the data from the
experiments is analyzed using the “Larger is Better” (LB) quality characteristic to figure
out the best conditions and which factors are important in removing the MB dye [59–61].

S/N = −10 log

[
1
n

n

∑
i=1

(
1
yi

)2
]

(4)

n and yi represent the repetition number and the experimental response.

2.6. Adsorption Isotherms and Kinetics Studies

To characterize the solid-liquid adsorption process, adsorption isotherms are essential,
and they often provide critical information for boosting adsorbent efficiency. PET NF-
MWCNTs composite adsorption behavior was investigated using two different adsorption
isotherm models: Langmuir Equation (5) and Freundlich Equation (6). Their Equations are
shown in the form [62,63], which is written as follows:

Ce

qe
=

(
1

KL Qm

)
+

Ce

Qm
(5)

log qe = log KF +
1
n

log Ce (6)

where Qm is maximum adsorption capacity (mg g−1), KL is Langmuir constant (L mg−1),
KF is Freundlich constant (L g−1), and 1

n represents an empirical constant indicating the
adsorption intensity.

Adsorption kinetics studies provide a great deal of relevant information on the mech-
anism and performance of adsorption that may be utilized to construct an industrial
treatment facility. In this study, two kinetic models, pseudo-first-order Equation (7), and
pseudo-second-order Equation (8), were used to model the experimental data and are
stated as follows [53,64]:

log ( qe − qt) = logqe −
(

k1
2.303

)
t (7)

t
qt

=
1

k2 q2
e
+

1
qe
(t) (8)

where: k1 is the pseudo-first-order model rate constant (min−1), and k2 is the pseudo-
second-order model rate constant (g mg−1 min−1).

3. Results and Discussion
3.1. Characterization of PET NF-MWCNTs Composite

Adsorption is a surface phenomenon whose effects are determined by the adsorbents’
shape and porosity [65]. Figure 1a–d shows the morphological properties of PET NF,
MWCNTs, and PET NF-MWCNTs composite before and after MB dye adsorption on the
NF surface [64]. As shown in Figure 1a, the diameter of the electrospun PET NF was less
than 100 nm. Figure 1b depicts a typical SEM image of MWCNTs. This view highlights the
crystalline tubular structure of the nanotubes. It had an inner diameter of 5–10 nm, an outer
diameter of 10–50 nm, and a length of 5–30 mm. Figure 1c depicts a PET NF-MWCNTs
composite before MB dye adsorption. It shows the presence of MWCNTs on the surface of
the PET NF and irregular pores of various shapes and sizes.
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Figure 1. SEM images of the (a) PET NF, (b) MWCNTs, and PET NF-MWCNTs composite (c) before
and (d) after adsorption of MB dye.

Interestingly, the surface was modified after the adsorption process, and the pores
were filled with MB dye molecules, as in Figure 1d. In addition, the shape of beads may
be related to the high feed rate and concentration of PET polymer solution compared to
MWCNTs, which leads to defeating the surface tension by electrostatic forces periodically
and incomplete drawing of the electrospun jet between the distance of the needle tip and
collector. It was primarily responsible for the formation of bead-like structures rather than
completely NFs [66,67].

Various functional groups on the PET NF-MWCNTs composite were investigated
via FTIR spectroscopy. Compared to the FTIR for PET NF synthesized in the previous
study [68], the addition of MWCNTs to the PET NF introduced some additional absorption
bands to the spectra. Figure 2 depicts the unique peaks of the PET NF-MWCNTs com-
posite adsorbent. The 2954 cm−1 band was assigned to the stretching vibrational of C–H
aromatic and aliphatic groups. Carbonyl stretching (C=O) is responsible for the band at
1716 cm−1 [68]. The major peaks were detected at 1504 and 1400 cm−1 due to stretching
vibrations of C=C and aromatic rings stretching, respectively [49]. CO–O stretching can be
assigned to the band at 1246 cm−1.
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Furthermore, the peak at 1091 cm−1 was associated with gauche stretching vibrations
of C-O. The distinctive peak at 721 cm−1 represents the presence of aromatic hydrocarbons.
The PET NF-MWCNTs composite is combined with MB dye molecules, which have func-
tional groups forming chemical bonds. The FTIR spectrum confirmed that the synthesized
PET NF-MWCNTs had many oxygen functional groups. These groups can behave as
accessible adsorption sites and contribute significantly to the MB dye removal process.

Figure 3 depicts XRD analysis of MWCNTs, and the PET NF-MWCNTs composite.
The C (002) diffraction peak in the MWCNTs pattern at 2θ = 26.1º relates to an orderly
arrangement of hexagonal graphitic cylinders. Graphite’s C (100), C (004), and C (110)
diffraction peaks at 2θ = 42.0º, 49.0º, and 72.5º, respectively, are also well-known [69]. The
C (002) peak is absent from the PET NF-MWCNTs composite’s XRD pattern. However, the
XRD pattern of the PET NF-MWCNT composite exhibits an increase in the diffraction peaks
at 42.0º and 49.0º, which are associated with PET NF. This is related to the PET polymer’s
progressive perfection and the well-established nucleating influence in the presence of
MWCNTs, which dramatically speeds up the crystallization of PET NF [70].
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3.2. Taguchi Optimization
3.2.1. Analysis of Experimental Data

The Taguchi approach determined the optimal conditions for MB dye adsorption by
simultaneously varying four parameters at five levels. Table 2 displays the L25 (OA) and
the findings collected after each of the four runs. Removal efficiency (R, %) was chosen
as the response variable for the test. Depending on the modifiable parameters, between
19.67% and 99.49% of the MB dye could be removed [59,71].

Table 2. L25 Experimental design and expected results from Taguchi’s (OA) analysis.

Run pH Conc. (mg L−1) Dose (g) Time (min) Removal (%) S/N Ratio

1 4 10 0.001 10 19.66 25.87
2 4 20 0.002 20 31.85 30.06
3 4 25 0.004 40 31.72 30.03
4 4 30 0.006 80 34.09 30.65
5 4 40 0.008 120 51.51 34.24
6 5 10 0.002 40 29.92 29.52
7 5 20 0.004 80 74.36 37.43
8 5 25 0.006 120 49.22 33.84
9 5 30 0.008 10 46.59 33.37
10 5 40 0.001 20 31.48 29.96
11 6 10 0.004 120 91.57 39.23
12 6 20 0.006 10 83.96 38.48
13 6 25 0.008 20 93.09 39.38
14 6 30 0.001 40 86.33 38.72
15 6 40 0.002 80 32.08 30.13
16 7 10 0.006 20 83.93 38.48
17 7 20 0.008 40 89.26 39.01
18 7 25 0.001 80 61.39 35.76
19 7 30 0.002 120 59.51 35.49
20 7 40 0.004 10 60.94 35.70
21 8 10 0.008 80 99.49 39.96
22 8 20 0.001 120 96.75 39.71
23 8 25 0.002 10 97.04 39.74
24 8 30 0.004 20 97.53 39.78
25 8 40 0.006 40 97.15 39.75

The S/N ratio is depicted in Figure 4 as the dependent parameters concerning pH,
adsorbent dose, and contact time, as demonstrated in the main effect plot of MB dye removal
percentage. Based on the figure, it is possible to identify the most important parameters and
the optimum levels [72]. As a result, the optimal parameter levels for maximal %R of MB
dye were pH of 8, 20 mg L−1 (MB dye initial concentration), the PET NF-MWCNTs dose of
0.008 g, and contact time of 120 min. Accordingly, the highest experimental MB dye removal
effectiveness of 94.786% (S/N = 44.3068) was attained to verify that the anticipated response
value was accurate and carried out under the above-mentioned optimal circumstances.

For each parameter level, the average of each response characteristic (S/N ratios) is
presented in Table 3. The table is prioritized based on Delta values according to how much
each parameter influences the others. Throughout the process, the pH of the solution was
the most important parameter to consider. Next, the adsorbent dose is considered, followed
by the MB dye concentration, with the contact time parameter having the least effect.
PH values in the range of 4–8 reveal an improvement in dye removal efficacy as pH levels
rise. In addition, the table optimizes the adsorption conditions. The adsorbent surface
is positively charged. However, when pH values climb, the adsorbent surface becomes
negatively charged, promoting electrostatic interaction with MB cations and, consequently,
increasing efficiency. Because of the adsorption surface area of the adsorbent, the adsor-
bent dose affected the process efficiency by increasing the number of sites accessible for
adsorption as the adsorbent dose was increased [25,73].
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Table 3. The response of S/N ratios for the removal of MB dye.

Level pH Conc. (mg L−1) Dose (g) Time (min)

1 30.17 34.61 34.01 34.63
2 32.82 36.94 * 32.99 35.53
3 37.19 35.75 36.43 35.41
4 36.89 35.60 36.24 34.78
5 39.79 * 33.95 37.19 * 36.50 *

Delta 9.62 2.99 4.20 1.87
Rank 1 3 2 4

* The maximal signal-to-noise ratio (S/N) represents the optimal condition.

3.2.2. Analysis of Variance ANOVA

An Analysis of Variance (ANOVA) evaluated the overall relevance of different factors
on the experiment response (%R). Table 4 displays the ANOVA findings. The values of
freedom degree (DOF), the total sum of squares variance (SS), mean square (MS), Fisher’s
test (F-value), probability of occurrence (p-value), and percent of contribution (P, %) for
each parameter in the response are obtained in ANOVA analysis (general linear model) [74].
According to the ANOVA design, the lower the p-value of the tested parameter (near to
zero), the more successful it is. The sum of squares (SS) will be crucial under the same
scenario, so the greater the SS value, the more effective [75]. The %P contributions of
pH, initial MB dye concentration, adsorbent dose, and contact time were 71.01%, 5.91%,
12.08% and 1.81%, respectively. The pH solution had the greatest %P, indicating that the
pH of the dye solution heavily impacted the adsorption process. However, the contact
time had the lowest %P. Figure 5 graphically depicts the contribution of each parameter to
MB dye adsorption. As can be observed, the results of the ANOVA analysis for MB dye
adsorption from solution by the PET NF-MWCNTs composite were similar to the results of
the preceding section’s examination of the influence of the parameters studied.

3.3. Adsorption Isotherm Models

Isotherm investigations can explain how an adsorbate interacts with an adsorbent.
When both phases are in equilibrium, the isotherm directs the dye concentration in solution
and the quantity of dye adsorbed on the solid phase. While the Langmuir isotherm assumes
monolayer adsorption on a homogeneous surface, the Freundlich isotherm addresses
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multilayer adsorption on a heterogeneous surface with varied affinity. The linear forms of
these models were used to investigate the interactions of MB dye on the surface of the PET
NF-MWCNTs composite, as illustrated in Figure 6 [25,62,76]. Table 5 shows the derived
values for the constants in the Langmuir and Freundlich equations and the regression
correlation (R2). It proves that the proposed findings for the adsorption of MB by the
PET NF-MWCNTs composite match the Langmuir isotherm model owing to the high
R2 = 0.9997. This value demonstrates that the parameters are in consonance and validates
the monolayer adsorption of MB onto the PET NF-MWCNTs composite. To sum up, the
surface of the PET NF-MWCNTs composite was covered with the MB dye monolayer by an
adsorption mechanism [77].

Table 4. Analysis of variance for the transformed response of % removal data.

Parameters DOF SS MS F-Value p-Value Contribution %P

pH 4 12,883.6 3220.91 15.44 0.001 71.01%
Concentration 4 1071.5 267.88 1.28 0.353 5.91%

Dose 4 2191.4 547.84 2.63 0.114 12.08%
Contact

time 4 328.4 82.1 0.39 0.808 1.81%

Error 8 1669.2 208.66 9.20%
Total 24 18,144.2 100.00%
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In the Langmuir isotherm model, the value of Qm = 7.047 mg g−1 reflects the quantity
of MB dye required per unit weight of sorbent to create a complete monolayer on the surface
of a PET NF-MWCNTs composite surface. As shown in Table 6, the adsorption capacity
of the PET NF-MWCNTs composite for the adsorption of MB dye is compared to that of
other adsorbents was made in previous studies. PET NF-MWCNTs composite adsorbs MB
dye nicely, despite its lesser capacity than specific other adsorbents, which is considered
an intermediate adsorbent compared to others. Furthermore, the adsorption is chemical,
physical, and linear whether the value of n is less than one, more than one, or equal to one,
respectively [72]. Because the value of n for the PET NF-MWCNTs composite is more than
one, the dominant adsorption is physical adsorption [78] rather than chemical. In addition,
1
n value (0.821) is in the range 0 < 1

n < 1, therefore, the adsorption process is favorable [79].
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Table 5. Langmuir and Freundlich isotherms parameters for MB adsorption by PET NF-MWCNTs composite.

Langmuir Parameters Freundlich Parameters
KL (L mg−1) Qm (mg g−1) R2 KF (L g−1) n R2

67.571 7.047 0.9997 3.436 1.218 0.7645

Table 6. An overview of several adsorbents’ adsorption capacities and conditions for removing MB dye.

Adsorbent Material Qm (mg g−1) Time pH [Ref.]

OMWCNT– κ-carrageenan–Fe3O4 1.240 60 min 6.5 [80]
Phosphoric acid based geopolymers 3.010 90 min 10.0 [81]

Biochar derived from mixed
municipal discarded material 5.018 6 h 5.0 [82]

Fly ash 5.718 60 min 8.0 [83]
Yellow passion fruit peel 6.800 56 h 9.0 [84]

PET NF-MWCNTs 7.047 120 min 8.0 This study
GPS/AA-MWCNTs NCs 10.300 - 4.0 [85]

PVA/VC-MWCNTs 16.844 45 min 12.0 [86]
N-maleyl chitosan/P (AA-co-VPA) 50.180 240 min 7.0 [87]

Garlic peel 82.640 210 min 6.0 [88]
Magnetized Tectona grandis sawdust 172.410 60 min 8.0 [89]

3.4. Adsorption Kinetic Models

To fully understand the characteristics of the adsorption process of the PET NF-
MWCNTs composite and analyze the MB dye adsorption kinetics under optimal adsorption
conditions (pH = 8, initial MB concentration is 20 mg L−1, adsorbent dose of 0.008 g, and con-
tact time of 120 min), the pseudo-first-order and pseudo-second-order kinetic models [29,90]
were used to fit experimental data obtained from batch experiments (Figure 7). The kinetic
parameters for each of these models are summarized in Table 7. The R2 was determined
to verify the validity of the models used. The pseudo-second-order kinetic model has
substantially higher R2 values than the pseudo-first-order kinetic model, demonstrating
that the kinetics of MB dye adsorption follows the pseudo-second-order kinetic model. The
calculated (qe)cal. value for the pseudo-second-order kinetic model was quite compatible
with the experimental (qe)exp. value [65], showing that the model is correct. The pseudo-
first-order kinetic model was used to study the adsorption of reversible systems, with
equilibrium being achieved between the adsorbate and adsorbent systems. Consequently,
the pseudo-second-order kinetic model outperforms the first-order model describing how
the PET NF-MWCNTs composite removes MB dye from an aqueous solution.
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Table 7. The kinetics parameters of the pseudo-first-order and pseudo-second-order for MB dye adsorption.

Pseudo First-Order Paramters Pseudo Second-Order Paramters
K1

(min−1)
(qe)exp.

(mg g−1)
(qe)cal.

(mg g−1) R2 K2
(g mg−1 min−1)

(qe)cal.
(mg g−1) (qe)exp. (mg g−1) R2 h

0.0069 7.427 0.1408 0.9467 0.2038 7.427 7.0972 0.9999 10.2669

4. Conclusions

The current work demonstrates that the PET NF-MWCNTs composite was effectively
fabricated and exploited as an adsorbent to remove the MB dye from an aqueous solution.
To find the optimal conditions, the Taguchi approach was used. It was concluded that
the pH of the solution is the most important parameter in the adsorption process. The
Langmuir isotherm describes the adsorption process and a pseudo-second-order kinetic
model. According to the Langmuir isotherm model, the maximum adsorption capacity
of the PET NF-MWCNTs composite was determined to be 7.047 mg g−1. The PET NF-
MWCNTS composite is expected to attract considerable attention as an effective adsorbent
for many separation processes. The Taguchi approach will reduce experimental time by
using many parameters with small experiments and economic viability.
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