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Adsorptive removal of Methyl orange from aqueous solutions by
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ABSTRACT

In the present study, the poly(vinylidene fluoride-trifluoroethylene), P(VDF-TrFE)/non functional-
ized multi-walled carbon nanotubes (MWCNTs)/kaolin composite, (P(VDF-TrFE)/MWCNTs/K) was
prepared successfully for the removal of Methyl orange from aqueous solutions with high adsorp-
tion capacity. The physicochemical properties were characterized via Fourier transform infrared
spectroscopy, X-ray diffraction, and thermogravimetric analysis. Batch adsorption experiments were
conducted to evaluate the influence of contact time, pH, adsorbent dose, agitation rate, initial dye
concentration, and temperature. The experimental equilibrium adsorption data indicate that the
monolayer coverage is 62.89 mg/g. The recyclability and regeneration of the composite were inves-
tigated and illustrated that the composite could be recycled at least three times. Adsorption kinet-
ics and thermodynamics were also studied. Therefore, the developed composite is regarded as a
better adsorbent to address industrial wastewater in Egypt with low-cost and excellent efficiency.

Keywords: Poly(vinylidene fluoride-trifluoroethylene); MWCNTs; Kaolin; Composite; Methyl orange

removal; Adsorption, Kinetics; Thermodynamics

1. Introduction

Dyestuffs are excessively utilized in industries like tis-
sues, pulp mills, newspapers, dyestuff synthesis, foodstuff,
publishing, leather tanning, rubber, pharmacy, drugs, cos-
metics, chemical labs, and plastics industries. For the time
being, several types of azo-organic dyes are used in leather,
electroplating, textile, paper-manufacturing, plastics, and
printing manufactures [1-3].

Each industry emits a huge quantity of dye-containing
wastewater that has a toxic outcome for human health [3-5].

* Corresponding author.

Besides, contamination from dye wastewater is becoming a
severe environmental problem. Thus, removal of color from
wastewater is very stringent for treating the fundamental
environmental, biological, and industrial problems accom-
panying the dyes and stains [6].

Improving an efficacious method for the administration
and optimization of the dyestuff industry has long been the
main target for environmental protection. Several techniques,
including chemical oxidation, ozonation, photochemical
degradation with a metal oxide such as zinc oxide and tita-
nium oxide, membrane separation, coagulation/flocculation,
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and adsorption, were employed to eliminate dyes from
wastewaters [7]. Adsorption is one of the most effective
methods that have been used successfully in this field [8-13].

Multi-wall carbon nanotubes (MWCNTs) and single-
wall carbon nanotubes have large specific surface areas and
have found utility as adsorbents for both aqueous organic
and inorganic contaminants, many researchers have been
used carbon nanotubes (CNs) in wastewater treatment
especially organic materials [14-21].

Chemisorption or physical sorption of colored com-
pounds from aqueous solution has predicted in a superior
way to treat effluent with low-cost [22-24].

Methyl orange (MO) is a kind of the p-aminoazoben-
zene (p-AAB) dyes. It is easily utilized in the textile stain
industry and chemical experiments as well as an acid-
base indicator in research laboratories and labs. However,
the aqueous solution of MO is toxic and irritating. Thus,
removal of MO from aqueous solution is of great weight
and accomplished via different techniques [25-32].

The present work explored the utilization of poly
(vinylidene fluoride-trifluoroethylene P(VDF-TrFE)/CN/
kaolin for MO removal from aqueous medium. The adsorp-
tion experiments were conducted using a batch adsorption
system, it was enhanced by applying the influence of import-
ant affecting factors such as (pH, amount of adsorbent, ini-
tial MO concentration, agitation speed, and contact time).
The precursors and composite were been characterized by
different analytical techniques such as XRF, X-ray diffraction
(XRD), IR, and thermogravimetric analysis (TGA). In addi-
tion, the adsorption kinetics, isotherm, and thermodynamics
were also investigated.

2. Materials and methods
2.1. Chemicals

Methyl orange dye (MO), (4-[[(4-Dimethylamino) phe-
nyl] azo] benzene sulfonic acid sodium salt, C.I. 13025,
MW = 327.34 g/mole, dye content 85%) was bought from
Fluka, Switzerland laboratory grade. H,SO, and NaOH were
supplied from Al-Ghomhoria Company.

Non functionalized multi-walled carbon nanotubes
(MWCNT’s; purity > 95%, nominal outside diameter =
40-50 nm and length = 5-15 pm) was brought from sci-
ence and technology center of excellence (STCE), National
Authority for Military Production. P(VDF-TrFE) contain-
ing 30% wt. TrFE was purchased from Piezotech in France.
N,N-Dimethyl formamide (DMF) was obtained from Sigma-
Aldrich. Natural kaolin was collected from Egypt desert.

2.2. Preparation of P(VDF-TrFE)/MWCNT/K nanocomposite

0.25 g MWCNT’s and 10 g kaolin were ultrasonically
dispersed in DMF at room temperature for 2 h to form a
stable suspension. Two precautions were taken to prevent
breaking of the nanotubes; the first one, set the probe to
work with only 50% of maximum amplitude and the second
one was to set it to work in pulses. At the same time, 0.5 g
P(VDEF-TrFE) copolymer was dissolved in DMF. Then the
suspension of MWCNT’s in DMF was added to the P(VDF-
TrFE) solution, the mixture was magnetically stirred for

30 min at the UP 200S ultrasonic lab device (200 W-24 KHz)
used as a powerful homogenizer, deagglomeration and dis-
persion, supplied by Hielscher ultrasonics GmbH company
(Germany). The mixture was then subjected to an ultra-
sonic treatment for another 30 min. The final nanocompos-
ite solutions were cast in a 50 ml petri dish, degassed in a
vacuum oven, and kept in a hood for a period of 24 h for the
solvent evaporation. The nanocomposite was dried at room
temperature, peeled off from the petri dish, and annealed
at 90°C for 6 h, then the dried nanocomposite was ground
well by using a ceramic mortar and pistol.

2.3. Batch adsorption experimental analysis

A certain weight of P(VDF-TrFE)/MWCNT/K nano-
composite was weighed and mixed into100 mL of definite
concentration of MO solution. Variation of the P(VDF-
TrFE)/MWCNT/K dose 10-60 mg/L and initial dye concen-
tration 25-150 mg/L at different agitation rates 50-25 rpm
for 0-120 min using an orbital shaker (Yellow line, Germany)
was studied. The MO solution was separated from the
adsorbent by centrifugation at 12,000 rpm using a centri-
fuge, (Hettich, Model EBA 200, Germany), for 30 min. The
MO concentrations in the supernatant were estimated using
a single beam UV/Vis spectrophotometer (HACH DR 6000)
at wavelength 468 nm according to [33]. Each sample was
tested three times and the average result was recorded.
Egs. (1) and (2) were applied to estimate the removal per-
centage and the uptake capacity (mg/g), respectively, where
C, (mg/L) is the initial concentration of MO and C, (mg/L)
is the equilibrium concentration of MO in solution, V is
the volume in L and W is the adsorbent mass (g).

Removal% = G-C x100 (1)

)

2.4. Isothermal and kinetic investigation of MO onto
P(VDF-TrFE)/MWCNT/K nanocomposite

Langmuir and Freundlich isotherms were applied to
evaluate the MO adsorption mechanism onto the P(VDF-
TrFE)/MWCNT/K adsorbent (Table 1). As well as kinetic
sorption models, Lagergren’s pseudo-first-order model [34],
and pseudo-second-order model (Table 2).

2.5. Estimation of thermodynamic parameters

Thermodynamic parameters such as Gibb’s free energy
(AG), enthalpy (AH), and entropy (AS) changes can be
determined by the Egs. (3)—(5) as follows [37]:

AG =-RTInK, 3)
AG

InK, =--2> 4

nK,=-o @
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Table 1

Adsorption isotherm models for MO uptake by P(VDF-TrFE)/MWCNT/K nanocomposite

Isotherm model Linear form

Parameters

c_ 1 ¢

& Tund T
R, =1/(1+bC,)

C, (mg/L): equilibrium concentration of the resting MO in the solution
g, (mg/g): removed amount of MO at equilibrium
9. (Mg/g): maximum adsorption capacity

Langmuir [35] R, > 1 (unfavorable adsorption) b (L/fng): Langmuir constant
R, =1 (linear adsorption) T = 1/ Sl?Pe
(0 <R, <1 (favorable adsorption) b= .51(.);.)e/ Intercept )
R, =0 (irreversible adsorption) C,: initial MO concentration
R,: equilibrium parameter of the Langmuir equation
L
C, (mg/L): equilibrium concentration of the resting MO in the solution
g, (mg/g): removed amount of MO at equilibrium
K : MO ad ti it
Freundlich [36] logq, = log K, ++1ogC + (mg/g): MO adsorption capacity
‘ n ‘ n: heterogeneity factor
K]: = 10intcrccpt
1/n = slope
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Fig. 1. XRD patterns for P(VDF-TrFE)/MWCNT/K nanocomposite before and after up taking.

InK, =-—2 =2 )

where R is the universal gas constant (8.314 J/mol/K)
and T is the absolute temperature in Kelvin.

3. Results and discussion

3.1. Characterization of kaolin, MWCNTs, and P(VDF-TrFE)/
MWCNT/K

3.1.1. X-Ray diffraction

The spectrum shows the kaolin is highly crystalline
as the peaks are narrow. The main peaks that appeared at

20 = 20.89° and 26.65° are characteristic bands for quartz
SiO, which is a silica polymorph consisting of interconnected
SiO, tetrahedral that build up a rigid three-dimensional net-
work. The peak at 20 = 12.41° and 50.13° are characteristic
for the kaolinite clay mineral.

3.1.2. Thermal characterization

The thermal stabilities of the nanocomposite were
evaluated by TGA (TA Instruments Q500 equipment ther-
mogravimetric analyzer). Samples were heated at nitrogen
purge flow 50 mL/min at 25°C-900°C at a heating rate of
10°C/min. The glass transition of the polymer was further
studied by differential scanning calorimetry (TA Instruments
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Q2000 DSC). The thermal history of the samples was erased
by heating from 25°C-350°C at a heating rate of 10°C/min
and a nitrogen purge flow of 50 mL/min. These devices were
available at STCE.

Fig. 2 illustrates the TGA curves of P(VDF-TrFE)/
MWCNT/K nanocomposite. It can be seen that the sam-
ple has four degradation stages. The first stage starts at
108.64°C, which attributed to the loss of free moistures.
The second stage is in the range of 255.84°C-546.19°C and
mainly occurred due to the degradation of the polymeric
main chain of P(VDF-TrFE). In this stage the decomposition
temperature of P(VDF-TrFE) is 315°C (weight loss 16.84%).
The third stage is over 546.19°C and is mainly due to the
removal of organic carbon of P(VDF-TrFE). In the fourth
stage the clay convert from amorphous to crystalline form.
On the other hand, the degradation of P(VDF-TrFE) is one
stage only at 546.19°C as shown in Fig. 3. Thus, it can be
verified that the thermal stability of P(VDF-TrFE) is better
than that of the P(VDF-TrFE)/MWCNT/K copolymer.

3.1.3. Fourier transform infrared spectroscopy
characterization

The FTIR spectra of P(VDF-TrFE)/MWCNT/K were
shown in Fig. 4a. The bands at 3,479.58 and 3,410.15 cm™
are assigned to the coupled OH stretching mode. These
are the 2 coupled hydroxyl groups that are characteristic
of the kaolinite clay minerals. The band at 3,410.15 cm™
lies wholly within the kaolin layers with the proton end
directed towards the octahedral repeat layers. The other
hydroxyl band at 3,479.58 cm™ is positioned in a way
that allows hydrogen bonding to the oxygen from the
adjacent repeat layer; also the dipoles of this hydroxyl
group are perpendicular to the surface of the crystal, giv-
ing a negative overall charge of the surface of the clay.
The Si-OH and Si-O- bending respectively are found
at 1,033.26 and 1,005.17 cm™ respectively. The Al-Al-O

Sample: KBCP (before)
Size: 17.6950 mg
Method: Ramp

TGA

deformation asymmetric stretch is found at band 918.12 cm™.
The Al-O-Si inner vibration observed at 786.12 cm™ is due
to the presence of quartz in the clay sample. This is also
supported by the presence of the band at 694.37 cm™. The
peaks appeared at 600, 745, and 840 cm™ ,as well as a peak
at 2,816.93 cm™ are pointed to the bending and stretching
of CH=CH of the vinylidene group of P(VDF-TrFE)/ [38].
The peaks at 1,805 cm™ and several peaks in the range of
3,000 cm™ range were attributed to CHx groups of MWCNTs
[39]. The peaks at 3,447 cm™ may be associated with O-H
and presented two dominant peaks; 1,600 and 3,450 cm™ [40].

Fig. 4b shows the FTIR spectra of P(VDF-TrFE)/
MWCNT/K after up taking of MO, the main peaks of nano-
composite is present, and only shifted to lower wavenum-
ber, the appearance of peak around 1,300 cm™ indicated the
uptaking of MO. The appearance of a peak at 3,618 cm™ may
be due to the NH group of MO. The presence of a peak at
3,232.1 cm™ may be a rearrangement of the methyl group
in acidic media to giving a triple bond of C-C bonding.

The peak at 1,604 cm™ represented the C-N stretching
that showed a lower wavenumber in comparison with the
position before the adsorption process at 1,625 cm™. Further,
the peak intensity of C-N at 1,604 cm™ is increased after the
adsorption of MO dyes over P(VDF-TrFE)/MWCNT/K [41].
The band in the range of 1,350 cm™ is due to the stretching of
-5=0 group indicating successful adsorption of MO dye on
the adsorbent surface. Moreover, the weak band at 1,033 cm™
corresponds to the -N=N- stretching vibration and shifted
to low wave number 1,022 cm™[42].

3.2. Factors affecting the adsorption process
3.2.1. Effect of pH

The adsorption of MO by P(VDE-TrFE)/MWCNT/K
nanocomposite is a pH-dependent process. The results
indicated that the removal percent (R%) of MO was very
high at low pH values as demonstrated in Fig. 5, and the
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Fig. 2. TGA curve of P(VDF-TrFE)/MWCNT/K.
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Fig. 4. FTIR spectra of P(VDF-TrFE)/MWCNT/K and MO.

maximum removal efficiency (92.9%) was achieved at pH
3.0. Therefore, the pH = 3 was selected as the optimum pH

and applied for all the adsorption studies to verify equilib-
rium accomplishment.

3.3. Effect of contact time

The adsorption outline of MO by P(VDF-TrFE)/
MWCNT/K nanocomposite at several selected times
(5-100 min) is demonstrated in Fig. 6. The results revealed
that adsorption was very rapid at the beginning (5-60 min)
then reach equilibrium at 90 min. This behavior is because
of the electrostatic interactions which facilitate the diffusion

800
Universal V4.5A TA Instrumants
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Fig. 5. Effect of pH on the adsorption of MO onto P(VDF-TrFE)/
MWCNT/K nanocomposite.

of extra dye molecules to the interior free sites. Moreover,
during the initial stage, a large number of vacant surface
localities were available, while the remaining vacant surface
sites after a lapse of time were difficulty packed attributable
to the repellence forces amongst the dye molecules on the
solid and bulk phases. In contrast, with increasing contact
time beyond 90 min, the diffusion becomes more difficult as
the vacant volume within the adsorbent decreases. Thus, the
affinity of sorbent towards MO molecules decreased.

3.4. Effect of initial MO concentration

The adsorption of MO was conducted at different dye
concentrations as shown in Fig. 7. The results showed
that increasing the MO concentration cause a decrease in
the removal percent from 96% to 59%. Therefore, aque-
ous dye solution with initial MO concentration = 100 mg/L
was appropriated for all the adsorption studies to verify
equilibrium accomplishment
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Fig. 6. Effect of time on the adsorption of MO onto P(VDF-TrFE)/
MWCNT/K nanocomposite.
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Fig. 7. Effect of initial MO concentration on the adsorption of
MO onto P(VDF-TrFE)/MWCNT/K nanocomposite.

3.5. Effect of adsorbent mass

Indeed, the impact of the primary adsorbent dosage is
an important feature in large scale applications. The con-
sequence of the adsorbent amount on the removal % was
studied (10-60 mg). It was obvious from Fig. 8 that increas-
ing the P(VDE-TrFE)/MWCNT/K mass from 10 to 60 mg
was tag along with an increase in MO uptake from 30%
to 99.0% [43]. Therefore the dose (40 mg) was the opti-
mum dose and appropriated for all the adsorption studies
to verify equilibrium accomplishment. As the quantity of
adsorbent raises, the number of active sides obtainable for
adsorption also increases thus the removal percentage also
increases. But owing to the overlapping between the active
sides themselves, not all the obtainable active sides are avail-
able during adsorption thus, the amount adsorbed mg/g
of adsorbent may be decreased [44].

3.6. Effect of agitation speed

Fig. 9 investigates the significance of altering the shak-
ing speed from 50 to 250 rpm on the removal efficiency.
The obtained results demonstrate that increasing the
shaking rate up to 150 rpm has a positive result on the
adsorption of MO onto P(VDF-TrFE)/MWCNT/K nano-
composite. These results could be ascribed to the enhance-
ment in dye dispersion and increase the exposed adsorbent
surface area to the dye molecules. Additionally, raising the
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Fig. 8. Effect of adsorbent dose on the adsorption of MO onto
P(VDF-TrFE)/MWCNT/K nanocomposite.

120

100 A

80 A

60 A

Removal %

40 A

20 A

0 50 100 150 200 250 300
Agitation speed, rpm

Fig. 9. Effect of adsorbent dose on the adsorption of MO onto
P(VDF-TrFE)/MWCNT/K nanocomposite.

agitation rate improves the diffusion of dye towards the
adsorbent surface. In contrast, a further rise in the agita-
tion velocity up to 200 rpm creates a decline in the adsorp-
tion affinity. This declining could be as a result of a further
speedup in the agitation rate beyond 200 rpm could dimin-
ish the attraction forces between the adsorbent and MO and
promote the occurrence of dye desorption process. Thus
agitation speed of 200 rpm selected as the optimum speed
and appropriated for all the adsorption studies to verify
equilibrium accomplishment.

3.7. Effect of temperature

The temperature has important effects on the adsorp-
tion process. The effect of temperature on the adsorption
isotherm of the Methyl orange on P(VDF-TrFE)/MWCNT/K
nanocomposite was studied at 298, 305, 308, 313, and
318 K. The results displayed in Fig. 10 revealed that the
adsorption capacity decreased from 63.5 to 55.625 mg/g with
rising the temperature from 298 to 318 K. This decrease in
the adsorption capacity may be attributed to the enhance-
ment of the desorption step in the adsorption mechanism
indicating that the process is exothermic. It is well known
that the decrease in the amount adsorbed with the increasing
the temperature is mainly due to the weakening of sorptive
forces between the active sites on the adsorbent and Methyl
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Fig. 10. Variation of InK vs. 1/T for the estimation of thermo-
dynamic parameters.

orange species, and also between adjacent dye molecules
on the sorbed phase [45].

Thermodynamic parameters for the adsorption of
Methyl orange onto P(VDF-TrFE)/MWCNT/K nanocompos-
ite are given in Table 2. As shown in the table, the negative
value of AG ranged from -1.151 to —4.674 kJ/mol confirm
the feasibility of the process and spontaneous nature of
adsorption. The values of AH and AS are found be (3.87)
kJ/mol and (147) J/mol K. respectively.

The positive value of the enthalpy implying that the
adsorption process is endothermic and low temperature
makes the adsorption easier. The enthalpy value (3.87)
is also confirmed that the adsorption is chemisorption
as it is larger than that of physisorption. Therefore, the
adsorption of the Methyl orange dye under examination

M. El Gamal et al. / Desalination and Water Treatment 193 (2020) 142-151

nanocomposite is mainly electrostatic interactions [46].
Besides, the positive value of AS suggests randomness at
the solid/liquid interface during the adsorption of Methyl
orange on nanocomposite in the aqueous solution.

3.8. Adsorption isotherms

The linear equations of three of the most customarily
applied isotherm models “Langmuir and Freundlich mod-
els” were applied in the current study to clarify and inter-
pret the mode of fundamental interaction between MO ions
in the solution and the active sites on the P(VDF-TrFE)/
MWCNT/K surface (Table 3). The linear plots of these equa-
tions are shown in Figs. 11a-b and the computed parameters
are represented Table 8.

The maximum monolayer adsorption capacity (4,,,,, was
recorded as 62.89 mg/g using the prepared nanocomposite,
while [26] conducted that it reached 33.8 mg/g by benton-
ite, also [47] concluded that g = 52.86 using MWCNTSs but
[48] recorded that g, reached 16.78 using activated clay
and [49] confirmed that q__ reached 41.67 and 34.48 mg/g
using organic matter rich clays and calcinated organic matter
rich clays respectively. Finally [50] concluded that g, equals
62.5 using modified cafe waste. From the last results the
current adsorbent nanocomposite P(VDF-TrFE)/MWCNT/K
is the efficient low-cost material.

Table 2
Sorption thermodynamics parameters for MO removal using
P(VDE-TrFE)/MWCNT/K

onto P(VDF-TrFE)/MWCNT/K nanocomposite is likely AH (J/mol) AS (J/mol K) AG (KJ/mol)
due to chemisorption. This result shows that the interac- 3.87 147 1151 to (4.674
tion between the dye and the P(VDF-TrFE)/MWCNT/K : (71.151) to (-4.674)
Table 3
Isotherm parameters of the MO adsorption by P(VDF-TrFE)/MWCNT/K nanocomposite
Adsorption Langmuir Freundlich
system q (mg/g) b (L/mg) R? R, K, n R
MO 62.89 0.492 0.9973 0.0199 19.9 245 0.7385
(@ ! (b)
0.9 L6 |
0.8 ¥ =0.0159x + 0.0323 )
R*=0.9973 16 1
o 0.7 L4 ]
o . =
Q06 b 12 ¢
@] L
on 0.5 a1
i 3 ¥ = 0.4081x + 1.3006
S o4 0.8 | R?=0.7385
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log Ce log Ce

Fig. 11. (a) Langmuir and (b) Freundlich isotherms.
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3.9. Adsorption kinetics

The kinetics of MO removal by P(VDF-TrFE)/MWCNT/K
nanocomposite was studied based on the linear form of the
most commonly used models (pseudo-first-order, pseu-
do-second-order and inter-particle diffusion models). The
kinetics of the sorption of MO was studied on the basis
of two most commonly used models; pseudo-first-order
(Lagergren equation) and pseudo-second-order kinetic model.

Pseudo-first-order:

K
log(q, —4,) =logg, —( 5 3“53} ©)
Pseudo-second-order:

t 1 t
1t 7
a ka gt 7

where g (mg/g) is the amount of metal ions sorbed at time ¢,
g, (mg/g) is the amount sorbed at equilibrium and K_, is the
equilibrium rate constant of sorption. The straight-line plot
shown in Fig. 12a indicates the validity of the equation and
the process follows the first-order rate kinetics. The K, and
g, values of Methyl orange were calculated from the inter-
cept and slope respectively, the results are given in Table 4.

On the other hand, the adsorption rate can be is given by
the following equation:

h= quf (8)

where K, (g/mg min) is the rate constant of the pseudo-
second-order (Fig. 12b). The g, and K, values can be obtained
from the slope and intercept of plots of t/q, vs. t. Values of
the related parameters for the adsorption of MO by P(VDF-
TrFE)/MWCNT/K have been listed in Table 4. It is seen for
the MO in both the kinetic model analysis; the values of
the correlation coefficients were found 0.9945 and 0.9179.
The sorption of Methyl orange from aqueous media by
the synthesized nanocomposite can be described by three
consecutive steps: (i) the transport of sorbate from the bulk
solution to the outer surface of the sorbent by molecular dif-
fusion, known as external diffusion, (ii) internal diffusion
that is, the transport of sorbate from the particle surface into

—
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interior sites, and (iii) the sorption of the solute particles
from the active sites into the interior surfaces of the pores.
The overall rate of the sorption process will be controlled by
the slowest step; that is, the rate-limiting step. The nature of
the rate-limiting step in the batch system can be determined
from the properties of the solute and sorbent. Rates of sorp-
tion are usually measured by determining the change in the
concentration of sorbate with sorbent as a function of time.
Linearized of the data is obtained by plotting the amount
adsorbed per unit weight of adsorbent (q,) vs. % as shown in
Fig. 13 by the following equation:

g =K 7 +C )

where K is the intraparticle diffusion rate constant.

The sorption rates for the intraparticle diffusion,
K were calculated from the slopes of the linear portions of
the respective plots with units of mg/g/min®® (not the true
reaction rate, but relative rates which are useful for com-
parative purposes). The two plots have the same general
features, initial curved portion followed by linear portion
and plateau. The initial curve portions are attributed to the
boundary layer diffusion effects. While the linear portions
are a result of the intraparticle diffusion effects and the pla-
teau is attributed to the equilibrium. An extrapolation of the
linear portion of the plots back to the time®® axis provides
intercepts that are proportional to the extent of bound-
ary layer thickness. The larger the intercept, the greater is
the boundary layer effect [51].

4. Conclusion

Within the outcomes of the present study, the follow-
ing conclusions are derived: P(VDF-TrFE)/MWCNT/K

Table 4
Adsorption kinetic parameters for MO removal using P(VDF-
TrFE)/MWCNT/K

Pseudo-first-order Pseudo-second-order

K, (min™) q, R? q,(mg/g) K, R?
0.0188 59 09841 70.92 0.0009141 0.9987
(b) 15
2 B
y=0.0141x + 0.2175
15 R*=10.9987
S 1]
0.5
0
0 20 40 60 80 100 120 140

Time, min

Fig. 12. (a) Pseudo-first-order model and (b) pseudo-second-order model.
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nanocomposite is represented as an efficient adsorbent
material for the removal of Methyl orange from aqueous
solution. Several parameters (time, agitation speed, adsor-
bent mass, pH, and initial dye concentration) were exam-
ined. The results demonstrated that the optimum conditions
are (time 90 min, agitation speed 200 rpm, adsorbent mass
40 mg; pH 3, and initial MO concentration is 100 mg/L.
Adsorption isotherms indicate that the maximum mono-
layer coverage is 62.82 mg/g. The adsorption isotherm data
fitted well to the Langmuir isotherm (R* = 0.9984) while the
experimental data fitted very well to the pseudo-second-
order kinetic model (R? = 9984). This study suggests that
P(VDF-TrFE)/MWCNT/K nanocomposite adsorbent can
be used effectively for the adsorption of MO from aque-
ous solution. The values of AH and AS are found to be
3.87 kJ/mol and (147) J/mole, respectively and the value
of AG ranged from —1.151 to —4.674 kJ/mole. At least three
times using H,SO, (2M) for each regeneration and no loss
in the adsorbent mass per cycle. Therefore, P(VDF-TrFE)/
MWCNT/K is considered as a better alternative cheap
adsorbent for the removal of MO with high efficiency.
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