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Abstract

The composite (0.8/0.018ZnO/MWCNTS) (w/w) of the nanocomposite was used to remove the
methyl violet dye from its aqueous solution. Batch system was used in the adsorption process,
and the compounds were diagnosed using (FTIR, XRD, BET, EDX, FE-SEM) techniqiues. It
was found that zinc oxide has a surface area of 27.71 m2.g%, and the average particle size is 45
nanometers. Z nO/MWCNTSs surface area is 38.85 m2.g-1, and the effectiveness of using the
compound to remove methyl violet dye from aqueous solution was evaluated using batch
adsorption. The amount of dye removal by the adsorbents increases with the increase in contact
time. The ideal adsorption was achieved in 40 minutes. The pH of the aqueous solution has an
effect on the adsorption process. The largest removal of dye was achieved at pH=7, and the
adsorption isotherms were studied using Langmuir isotherm and Freundlich model, where it
was found that they are more consistent with the Freundlich isotherm. The kinetics of the
reaction were studied using the pseudo-first-order model, and the adsorption process was more

consistent with the pseudo-second-order kinetics.

Keywords: ZnO/MWCNTs, Nanoparticles, Adsorption, Methyl Violet dye, Adsorption
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Introduction

The leather, textile, paper, pharmaceutical, and plastics industries are extensively employ
dyeing even at low concentrations; however, remnant dye discharge into water resources
certainly have deleterious consequences on pyramid diet and aquatic life [1]. It is undesirable
for composite textile plants to release colored effluents into the environment due to the fact that
many wastewater dyes and their breakdown products are poisonous and/or mutagenic. An
industrially relevant hazardous cationic dye with recognized adverse effects on people is methyl
violet (MV). The demand for clean water is growing as a result of the increasing water usage

by industrial activity in developing countries like China and India [4]. Reduced quantities of
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dissolved oxygen are detrimental to humans, animals, and plants. In the leather, textile, paper,
pharmaceutical, and plastics sectors, dyeing is frequently employed. Because of this, the
removal of these vibrant effluents from wastewater is a major issue for environmentalists
worldwide [5]. For a variety of significant water treatment methods, including excellent results
have been obtained comprising numerous methods that need additional maintenance costs,
energy, and chemical reagents, adsorption is the simplest, least expensive, most widely used,
and most successful method for eliminating various organic and inorganic pollutants from water
streams [6]. Lately, food chain and carbon nanotubes (CNTSs) were acknowledged as superior
adsorbent for dyes from waste water due to their distinctive chemo physical properties [9]
because of their distinctive chemical and physical properties. In addition, they have specific
surface area with low mass density that is chemically inert with specific surface area, a low
mass density, and a physically adsorbable surface that is chemically inert, CNTs also feature a
highly porous and hollow structure [10]. These remarkable forms have beneficial efficient
adsorption properties; thus, CNTSs are successfully used to remove a variety of contaminants

from wastewater including heavy metals, volatile organic compounds, and dyes [11, 12]

Material and method

Chemicals

Methyl violet is one of the organic compounds that is mainly used as a dye. It is a cationic dye
with a molecular formula composed of triphenyl methane, which is considered as a carcinogen
due to the aromatic rings in its composition. It is mainly used as a magenta formula for textiles
to impart deep violet colors in paints and inks; in addition, it is also used as a wetting indicator
for silica gel 13]. The structural formula of methyl violate is described in figurel. The residual
MV concentration was determined using a UV-Vis spectrophotometer (Shimadzu UV
Spectrophotometer) at a wavelength of 581 nm. According to Beer —lambert low, the
absorbance varied linearly with concentration as shown in the calibration curve in Figure 2.
Sodium bicarbonate with were used to) 30) (NaHCO2).3H3zinc nitrate trihydrate
(ZnO(NOserve as starting point for creating ZnO nanoparticles.
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y=0.0785x+ 0.0123
R* = 0.9506

Figure 2: Calibration curve of methyl violet

Preparation of zinc oxide nanoparticle

Zinc oxide nanoparticle was manufactured using a simple precipitation technique using (0.2M)
zinc nitrate tri hydrate with the addition of (0.4M) (NaHCO3) in 100 ml of distilled water
followed by stirring for 30 minutes to produce homogeneous, transparent solutions. The zinc
nitrate aqueous solution was gradually added to the aqueous solution of sodium bicarbonate
with continuous mixing at 50 °C until the pH of the mixture reached 6.8, then a white precipitate

of particles were generated as a result of this process. The precipitate was filtered and rinsed
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with distilled water to remove any residual bicarbonate, then allowed to dry for 2 hours at 80
°C [14].

Preparation of (ZnO/MWCNTS) nanocomposite

To make the (ZnO/MWCNTSs) nanocomposite, ethanol solution was used to load the nano zinc
oxide (0.8 gm), which was then coated onto the MWCNTSs (0.018 g). Before the mixing process,

hydrogen peroxide and ammonia were used to “turn on" the multi-walled carbon nanotubes.

Characterizations

As shown in Figure (3), Miller's coefficients was found to be the greatest for the diffraction
angles (31.2_34.8_36.4), while studying Zinc oxide nanopartical using X-rays., which match
the data on the card with the number (2551-070-01). The figure below displays the precise
sectional form of the manufactured nanopartical zinc oxide, the great purity of the crystal
growth—no overlapping funnels are visible—and the size of the produced nanopartical grains,

which measure 45 nm [14].
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Figure 3: XRD pattern of the prepared (ZnO)
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X-ray diffraction of ZNO/MWCNT

The XRD pattern of ZnO nanoparticle-loaded MWCNTS which is shown in figure 4 help to
understand the composite's structure (MWCNTs/ZnO). A consequence of Miller's modulus
(002) of the peak (26.4), (MWCNTSs). The additional peaks of the compound's major
characteristic are hexagonal ZnO, according to [15] and [16] JCPDS cards, respectively (card
number 79-0205). The XRD pattern showed that ZnO had a pure phase and that there were no
parts of the compound that had any further impurities. The strong peaks demonstrated that the
sample's zinc oxide was crystallized successfully [17]. Based on the Debbai Scherer equation,
it was calculated that the ZnO/MWCNT nanopartical composite is around 13 nm in size.

D crystallite size = kA
Cos

Where, D is the crystallite size, A is the wavelength of the X-ray employed Cu Ka radiation
(0.154 nm), B is the Full Width at Half Maximum (FWHM) of the peaks, and 0 is the Bragg

angle obtained from 26 value

10000 -
= ZNnO/MWCNTs
=

8000 -
(=)
— =
= 6000 T
S 5|
= S
2
& 4000+ s
— = 3
— =
2000 - .
N
o
=3
i R
L L L L

1
0 20 40 60 80 100
20

Figure 4: XRD pattern of the prepared (ZnO/ MWCNT)
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Analysis of nanomaterials’ using an FE-SEM and EDX

Figure (5-a) indicates that ZnO nanopartical layers are present on the surface of (MWCNTS),
and Figure (5-b) highlights that the structure resembles a a network-like [18]. The implanted
ZnO nanoparticles form bonds with the surface's functional groups; moreover, EDX, which
identifies the components in the sample, was used to investigate the characteristics of ZnO NPs
and ZnO/MWCNTSs [19]. like in Fig (6). The findings demonstrate the presence of Zn.0.C. in
the sample as well as the creation of ZnO/MWCNTSs. The zinc oxide substance, which has the
highest percentage, is shown in the two images (a and b). Despite this, the photo clearly shows
the presence of carbon nanotubes (b) despite the small amount that was utilized to create the

composite. And (19.91.29.58 nm) is the smallest diameter that was measured.

2 EHT= 5008V Signal A= SE2 Dole 22 Fab 2022 100 EMT= 5004V SigrelA = SE2 Date 22 Fab 2022

WO= 8.9 mm Mog= S00KX Time :16:57:55 H WD = 9 1 men Mag= 10000K X Time 1552 47

Figure 5: (a,b)FE-SEM of (ZnO/MWCNTS)
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Figure 6: EDX of ZnO/ MWCNT

Figure (7a) depicts the infrared spectrum, which is caused by nano-zinc oxide. The existence
of the stretch hydroxyl group, which is a component of the water molecule, may be identified
by the absorption band that occurs at a wave number of 3470.82 cm™, while the apparent
absorption bands at wave number (1494.36 cm™) denote the presence of a (C-C) group, the
absorption bands at wave number (1127.14 cm™) denote the presence of a (C-O) group, and the
Zn-0O absorption bands at (709.95) cm-1 and (549.11) cm 1 are present in the fingerprint region
below (1000) cm 1[20]. The spectrum in Figure (7b), which is the result of (ZnO/MWCNTS),
shows fundamental bands of the zinc oxide cause absorption bands at (1.2916.5) cm™,
(3470.82) cm™, and (417.2) cm™, respectively [21]. A higher frequency absorption band,
cn1(3518.2) cm-1, associated with the hydroxyl group bound to zinc oxide (ZnO), and a second
band at (3470.82) cm™, are seen for the two components of the complex, respectively.
Absorption peaks at 1528.6 cm™ and 1135.4 cm™ are attributed to the carbon nanotubes' (C=C)
and (C-H) groups, respectively.
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Figure 7: b) XRD pattern of (ZnO /MWCNTS)
Volume: 1, Issue: 3 104 P-ISSN: 2958-4612

Manuscript Code: 669B E-I1SSN: 2959-5568



Academic Science Journal

Adsorption results
Effect of time

Figure 8 illustrates that the highest clearance rate is at 40 minutes, after which the rate gradually
begins to fall. The high starting solution concentration and completely empty active sites on the
adsorbent surface resulted in a rapid sorption rate due the solute molecules in the solid and bulk
phases interact,[22]
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Figure 8: Effect of time of MV adsorption

Effect of (initial concentration)

The initial concentration provides a sufficient driving force to overcome all of the mass transfer
barrier between the aqueous and solid phases, as seen in figure 9. For these studies, the initial
methyl violet concentrations varied from 10 to 50 ppm and the best concentration to remove
the dye was at 10 ppm [23]

Volume: 1, Issue: 3 105 P-ISSN: 2958-4612
Manuscript Code: 669B E-I1SSN: 2959-5568



Academic Science Journal

99

98.5

98

97.5

97

Removal%

96.5

96

95-5 T T T T T 1
0 10 20 30 40 50 60

Conc.(ppm)

Figure 9: Effect Concentration of MV adsorption

Effect of PH

Since the experiment was conducted the right weight and time for the dyeBy varying the acid
function throughout the PH range of 3-11, we were able to examine how this factored into the
adsorption process of MV dye on the surface of the composite (ZNO/MWCNTS). It has been
shown that the maximum amount of colour may be washed away. at (Ph=7), Adsorption of MV
dye and the surface of the aforementioned chemical are shown to be affected by the acidic
function in Figure 10 [24].
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Figure 10: Effect of pH
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Kinetic adsorption

Figure 11 shows how the rate of absorption on the adsorbent is determined by adsorption

kinetics, and how this affects the adsorption equilibrium time (a,b). Understanding adsorption

Kinetics is necessary to model the adsorption process, methyl violet adsorption experiment

results were Pseudo-first-order and pseudo-second-order adsorption kinetic models were used

to analyse the results. Adsorption, as seen in the figure below, is compatible with both pseudo-

first-order and pseudo-second-order Kinetics, but leans more toward the second-order. .
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Figure 10: (a-b) adsorption kinetic model first and second order
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Tablet 1: Adsorption kinetic parameters model first and second order

Pseudo -First-order Pseudo -Second-order
Co K1 ge K2 ge

TC (min'1) | calc R? (g.mg L.min) | calc R?

25 | 0.057 | 0.007 | 0.11 2.266 4950 |1

35 | 0.063 | 0.005 | 0.133 2.550 4950 |1
10ppm | 45 0.06 0.015 | 0.225 1.177 4926 | 1

55 | 0.065 | 0.014 | 0.296 1.248 4926 | 1

65 | 0.062 | 0.017 | 0.304 1.113 4926 | 1

Adsorption isotherm

In certain cases, the term "adsorption isotherm™ refers to the connection between, the emphasis
of the adsorbent in the solid phase and the concentration of the adsorbate in solution (liquid
phase) at a constant temperature. [25]. The equilibrium adsorption, data were analyzed using
the Langmuir and Freundlich adsorption isotherm models, respectively. It was fitted using

Freundlich equations with the greatest correlation coefficients to describe the isotherms.

Langmuir

This result demonstrates that all adsorption sites on the adsorbent are homogeneous, and the
adsorption process is monolayer. A linear equation is used to represent it [26].

Ce/Qe= 1/KLQMAax+ Ce/QIMAX .......cccooeruiriiiiiriieieieie ettt ens 2

Maximum adsorption efficiency (Q max) is expressed in milligrams per gram of material
adsorbed, and the dependency constant (KL) (L.mg™). Ce /Qe vs. Ce linear plots are used to
determine the maximum adsorption efficiency and Langmuir constant, respectively. For full
monolayer coverage (mg.g™), this procedure produces a straight line with a slope of 1/Q max

and an intercept of 1/kLQmax.

Freundlich

For the study of removal of a solute from a solution, typically under less-than-ideal conditions,
it is one of the most crucial isotherms. According to this theory, substances adsorb on

heterogeneous surfaces (Hetro-surfaces), and the locations that the adsorbing surface holds as
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adsorption sites vary in attraction from one another. This type of adsorption isotherm is multi-
layered rather than single-layered due to the different adsorption sites' varying energy levels,
and the Freundlich linear connection is mathematically described as follows [27].

Inge = InKF + %lnCe ....................................................................................................... 3

KF and n are constants that represent adsorption capacity and intensity, respectively.

Tablet 2: Isotherms parameter

Langmuir Freundlich
Tc R2 KL Qmax RL R2 n KF
25 1 0.388 | 0.641 | 78.740 | 0.134 | 0.908 | 1.123 | 36.452
35 10984 | 0512 | 60.975 | 0.163 | 0.999 | 1.270 | 20.594
45 | 0.722 | 0.465 | 52.910 | 0.176 | 0.986 | 1.383 | 16.151
55 | 0.769 | 0.274 | 67.567 | 0.267 | 0.994 | 1.248 | 13.929
65 | 0.29 | 0.125 | 106.383 | 0.443 | 0.976 | 1.157 | 11.681

Thermodynamic study

The thermodynamic parameter, enthalpy (AH) was calculated using the following equation.
K = A A R ettt ettt ettt (4)
INXM = —AH/RT + K oottt et et teeste e nrs (5)

K is the constant in the Van't Hoff equation, R is the universal gas constant (8.314.103 kJ
mol*K?), and T is the, temperature. The maximum quantity adsorbed (in mg/g) (Kelvin) is
expressed as the natural logarithm, LnXm for example, using [28, 29], G° may be calculated

using the Gibs equation: [30].
AGO= = RT INKC ottt bbbttt ettt be e re s ne e (6)
and AS° can be fined by, equation

AG® = AH = TAS® oot ee e ee s e e e s es e ee s s s e e eee s es e @)
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Thermodynamic functions can be calculated by constant Freundlich [31].
6
Kc = Kpp(%) (Io1/T) oo (9)

Kr = constant Freundlich (mg /g) / (mg /L)
p =water density per unit g¢/mL 1.0

And to convert constant Freundlich into a unit of equilibrium without units, we follow the

following equation [32].

O G T O (10)
AG® = —RTLI(Kg % 103) crosesoeoeoveveeoeesesseeeseeseesseeeeesesessesseessseessssessssssese s seessssssenneeeen (11)
(K % 103) = —o0 b 20 st (12)

Table 2 shows the methyl violet adsorption thermodynamic characteristics on ZnO/MWCNTSs.
Physical adsorption and chemisorption can be categorized by enthalpy change. MV adsorption
seems to be a physical adsorption process with an enthalpy of -0.507 KJ/mol. Positive entropy
fluctuations suggest that adsorbent active sites were fixed during random interference at the
solid-liquid interface. Negative or zero Gibbs free energy (AG°®) values showed the spontaneity

and feasibility of adsorption without an induction period [33].

Tablet 3: Thermodynamic parameter

Co Thermodynamic Function | 25 C° 35C° 45C° 55C° 65C°

AG (KJ/mol) -50.439 | -50.934 | -51.987 | -53.245 | -54.583
50ppm AH (K/mol) -0.507
AS (KJ/mol.k) 0.167 | 0.163 | 0.161 | 0.160 | 0.159
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Conclusion

An encouraging finding came from the examination into the multiwall ZnO-treated carbon
nanotube. According to the findings, 0.08 g of ZnO loading eliminated Malachite green.
Employing batch adsorption tests, the effectiveness of using (ZnO/MWCNTS) to remove
methyl violet dye from aqueous solution was assessed. The adsorption equilibrium data were
fitted using Freundlich equations, and the isotherms were described. Pseudo-second order
models provided a 0.9 accuracy match for the kinetic data. The physical adsorption method

known as MV adsorption appears to have both the potential for spontaneity and practicality.
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