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Abstract---The (ZnO/MWCNTs) Nano composite had a composition of
(0.8/0.018MWCNTs) (w/w). Batch adsorption method was used to
remove Methyl orang dye from its aqueous solution. The structural
characteristics of (ZnO/MWCNTSs) were investigated (FTIR, XRD, BET,
EDX, FE-SEM). The (ZnO) was discovered to have a 22 nm average
particle size with surface area (27. 71m?2.g !). The (ZnO/MWCNTSs) was
discovered to have a surface area (38. 85m?2.g '.). Adsorption
equilibrium data was fitted with, Temkin equations to describe the
isotherms, more than Freundlich, and Langmuir and Dubinin-
Radushkevich isotherms. Thermodynamic studies showed that the
adsorption was exothermic and spontaneous and pysisorption nature
of adsorption. The pseudo-first and second order models were used to
fit the kinetic data, adsorption process flow the pseudo-second-order
adsorption.
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Introduction

Dyes are widely used in industries including textile, printing, plastic,
pharmaceutical, leather, paper and a food processing [1]. The waste water of
industrial activities contains a variety of potentially toxic and environmentally
harmful compounds[2]. The most dyes are stable to light and oxidizing agents in
nature[3] Pesticides, phenols, amines, and aromatic amines are the most frequent
organic pollutants that contribute to environmental pollution [ 4]. The most
common adsorbents utilized to remove pollutants include carbon, zeolites and
polymers, bulk, siliceous materials, agricultural waste, and industrial waste [5]
[6]. The high surface area, well-developed pore structure, and presence of
functional groups on the surface of activated carbon make them ideal adsorbents
[7] [8]. A higher removal % of both water-soluble and insoluble pollutants, even at
lower concentrations of pollutants, the ability to regenerate adsorbents, as well as
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the ability to utilize it in batch or continuous mode, are all advantages of utilizing
activated carbon adsorption [9]10]. Of all the physical, chemical and biological
treating strategies, adsorption still remains the most simple, low cost and most
effective treatment for dye effluents[11]. Less research has been done on the
effects of impregnating or loading activated carbon with metals to improve organic
pollutant adsorption. Electrostatic interactions between metals or metal oxides
loaded onto the surface of a carbon nano tube may increase the adsorption of
anionic organic pollutants.

Material and Method
Chemicals

MO (purity >97%) was purchased from Merck (Darmstadt, Germany) as a
commercially available dye without any further purification. The dye’s chemical
structure and its main characteristics are shown in figl. Solutions were prepared
using Dbidistilled water.[12],A UV-Vis spectrophotometer (Shimadzu UV
Spectrophotometer) was used to measure the residual concentration of MO at a
wavelength of 463.8 nm. The absorbance was found to fluctuate linearly with
concentration according to the Lambert-Beer rule, and the calibration curve is
displayed in Figure 2. zinc nitrate trihydrate (ZnO(NO3).3H20) and sodium
bicarbonate (NaHCOs3) It was used as raw materials for the preparation of ZnO
nanoparticles.
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Fig 2. calibration curve of methyl orange
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Preparation of zin oxide nanoparticles

The zinc oxide ZnO nanoparticles were generated using a simple precipitation
procedure in which (0.2M) of zinc nitrate trihydrate (ZnO (NO3).3H20) and (0.4M)
sodium bicarbonate (NaHCO3) were mixed separately in 100 ml of distilled water
and agitated for half an hour. The sodium bicarbonate aqueous solution was
progressively added to the zinc nitrate aqueous solution with continuous mixing
and at a temperature of 50 °C until the pH of the combination reached 6.8.After
that, the process produced white precipitated particles. To eliminate the
bicarbonate residue, the zinc oxide particles were filtered and rinsed with distilled
water multiple times before being dried in the air for two hours at 80 degrees. To
make ZnO nanoparticles, the final powder is calcined for three hours at 400 °C
under air. [13]

Preparation of (ZnO/MWCNTs) nanocoposite

The nano Zinc oxide (ZnO 0.8gm) was loaded onto (MWCNTs 0.018g) in an
ethanol solution to form the (ZnO/MWCNTSs) nanocomposite. Before mixing,
multiwalled carbon nanotubes were activated using hydrogen peroxide and
ammonia.

Characterizations results

Fourier-transform Infrared (FTIR)
Fourier Transform Infrared Spectroscopy of (ZnO)

The infrared spectrum is shown in Figure (3), which is due to nano-zinc oxide. It
shows an absorption band at the wave number of (3470.82)cm !, indicating the
presence of the stretch hydroxyl group belonging to the water molecule, while the
apparent absorption bands at (1494.36) cm !,refer to the presence of a (C-C)
group, while the absorption bands (1127.14) cm !, belong to the (C-O) group, and
the absorption bands in the fingerprint area below (1000) cm !, belong to Zn-O at
(709.95) cm !, (549.11) cm . [14]
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Fig 3. Fourier Transform Infrared Spectroscopy of (ZnO)
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Fourier Transform Infrared Spectroscopy of (MWCNTSs)

Figure (4) shows the appearance of a number of bands, where a band appears at
(3398.15) cm !, which belongs to the (OH) groups, while the band that appears at
(2922.78)cm ' belongs to group (C-H), as it appeared Another band at
(1645.21)cm ' is due to the stretching of the bond (C-O) of the carbonyl group of
multi-walled carbon nano tubes. The appearance of the band (1645,21)cm *
indicates the activation process of the MWCNTs, in addition to the presence of the
fundemantul band at (3398.15)cm !.[15]
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Fig 4. Fourier Transform Infrared Spectroscopy of (MWCNTs)
Fourier Transform Infrared Spectroscopy of (ZnO/MWCNTSs)

The infrared spectrum shown in Figure (5), which is due to the (ZnO/MWCNTs),
shows absorption bands at 1 2916.5 cm-1 (3470.82) cm and (417.2) cm-1 due to
the basic bands of the zinc oxide [16], either The absorption bands that appear at
(1528.6) cm-1 and (1135.4) cm-1 belong to the (C=C) and (C-H) groups of carbon
nano tubes [17], while the absorption band cn1(3518.2)cm-1 appears at a higher
frequency for the same group for each of the two components of the complex,
which belongs to the hydroxyl group is attached to zinc oxide (ZnO) and the
second band at (3470.82)cm-1 appears in the region of high frequencies that
belong to the (OH) group linked to the surfaces of multi-walled carbon nanotubes.
The displacement of these frequencies to higher values is due to the interference
between those effective groups. This indicates the mixing of zinc oxide particles
with the multi-walled carbon nano tubes.
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Fig 5. Fourier Transform Infrared Spectroscopy of (ZnO/MWCNTSs)

Structure analysis by XRD
X-ray diffraction of ZNO

The results of the X-ray examinations for nanopartical zinc oxide, which are
shown in Figure (6), showed that the highest values were obtained for the
diffraction angles (2,31.8,34.4,36) corresponding to Miller's coefficients
(101,100,002), which correspond to what was mentioned in the card with the
number (2551-070-01). It has been shown from the figure below that the
prepared nanopartical zinc oxide is in the form of a sharp section, and the crystal
growth is of high purity because no overlapping funnel appears, and that the size
of the nanopartical grains obtained is 22 mm. [18]
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Fig 6. X-ray diffraction of ZNO
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X-ray diffraction of ZNO/MWCNT

In order to comprehend the composite's structure (MWCNTs/ZnO), the XRD
pattern of MWCNTS loaded with ZnO nanoparticles is shown in Figure (7). The
peak (26.4) may be noticed as a result of Miller's modulus (002) of  MWCNTs). [19]
while the other peaks of the compound significant feature corresponds to
hexagonal ZnO. (JCPDS card number 79-0205) [20]. The presence of a pure phase
in ZnO was confirmed by XRD pattern, with no sections containing additional
impurities, indicating that the compound comprised pure ZnO. The sharp peaks
revealed that zinc oxide in the sample had crystallized well [30]. The size of the
nanoparticales composite (ZnO/MWCNTs) was estimated based on the Debbai
Scherer equation, which is about 13 nm.

10000
ZnO/MWCNTs

8000

2000 -

o 2.0 4.0 6.0 8.0 1(;0
2Theta
Fig 7. XRD pattern of the prepared(ZnO/ MWCNT)

Analysis of nanomaterials’ using an FE-SEM and EDX

Figure (8-a) shows that the surface of (MWCNTs) is covered with layers of
nanoparticular ZnO [21], and it is noted in Figure (8-b) that the structure is
network-like in which the nanoparticles of ZnO NPs are embedded on the surface
of MWCNTs and form bonds with functional groups on the MWCNT surface.
Moreover, the properties of ZnO NPs and ZnO/MWCNTs were explored using
energy-dispersive X-ray (EDX) that identifies the elements in the sample. [22] As
in Fig. (9).The results show that the sample contains Zn.O.C and also show the
formation of ZnO/MWCNTs. The two pictures (a and b) show the zinc oxide
material, which has the largest proportion. Despite this, the carbon nanotubes
are clearly visible in the picture (b) despite the small amount that was used in
preparing the composite. And the smallest diameter obtained is (19.91.29.58) nm.
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Fig 9. EDX of the prepared MWCNT/ZNO
Adsorption Results
Effect of time

As shown in figure 10, the contact time is one of the most critical parameters for
modeling and developing the adsorption process in industry [23]. FigurelO shows
that the majority of dye sorption occurred in the first 30 minutes. The rapid
sorption rate was owing to the fact that the adsorbent surface had all of its active
sites empty and the solution concentration was high at the beginning. Due to the
interactions between the solute molecules of the solid and the bulk phase, only a
very small increase is noticed in metal uptake after that point [24]
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Fig 10. Effect of contect time
Effect of mass dosage

Figure 11 depicts the effect of adsorbent dosage (mass) on methyl orange dye
adsorption. Many factors influence the process, but dosage is likely the most
important since it controls the capacity of the sorbent at a particular starting
concentration. By increasing the quantity of (ZNO/MWCNT), the pollutants can be
totally adsorb or approach equilibrium at a given concentration of each pollutant.
When there were enough initial binding sites for contaminant complexation. The
observed result occurred because, when the dosage was increased beyond the
reference points, an equilibrium was established between the pollutants bound to
the sorbent and those that remained unabsorbed in the mixture. Low mass doses
resulted in a higher qe value, which led in pollutant saturation occurring more
quickly. An increase in lower energy sites occupied leads in a lower ge value, but
this drop in energy is countered by an increase in the percentage of higher energy
sites filled. [25]
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Fig 11. Effect of adsorbent dos on the removal percentage
Effect of initial concentration

In order to overcome all of the mass transfer resistance between the aqueous and
solid phases, the initial concentration offers a significant driving force[26] as
shown in figurel2. Initial methyle orange concentrations ranged from 10 to 50
ppm for these tests.
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Fig 12. Effect of MO Concentration
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Effect of PH

By varying the acid function within the range (3—-11) PH, the influence of the acid
function on the adsorption process of methyl orange dye on the surface of the
composite (ZnO/MWCNTSs) was investigated, as the experiment was carried out at
the appropriate weight and time for the dye. Figure 13 illustrates the acquired
results. The dye was removed from its aqueous solution with the greatest
efficiency at pH = 5, which promotes adsorption owing to ionization of the surface
and deprotonation of the dye MO. This results in the proper methyl orange
adsorption. Negatively charged forms bind to the surface's active spots. [27] The
decrease in adsorption with rising pH is owing to an increase in hydroxide ion
deposition and, as a result, the concentration of negative charges on the surface,
which lowers MO adsorption. [28]
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Fig 13. Effect of PH
Adsorption kinetic

As illustrated in figure 15, adsorption kinetics specifies the rate of adsorbate
absorption on the adsorbent, which influences the adsorption equilibrium time
(a,b). Modeling the adsorption process requires an understanding of adsorption
kinetics. The experimental results of the ZNO/MWCNTs methyl orange adsorption
were analyzed using pseudo-first-order and pseudo-second-order adsorption
kinetic models. The adsorption process is consistent with both pseudo-first-order
and pseudo-second-order kinetics, as shown in the diagram below, although it is
more compatible with pseudo-second-order kinetics.
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Figure 15. (a-b) adsorption kinetic model first and second order

Table 1

Adsorption kinetic parameters model first and second order

Pseudo-First-order Pseudo-Second-order

Co TC K1 qe R? K2 qe R?
Min-1 calc w_l.min) calc

25 0.136 0.609 0.934 0.250 1.246 0.999

35 0.083 0.365 0.913 0.253 1.269 0.997

10ppm 45 0.123 0.543] 0.957 0.329] 1.283 0.999

55 0.076 0.445 0.959 0.371 1.366 0.998

65 0.1 0.546 0.985 0.365 1.461 0.998
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Adsorption isotherm

Under certain conditions, the term "adsorption isotherm" is used to describe the
relationship between adsorbate concentration in solution (liquid phase) and
adsorbent concentration in solid phase at a constant temperature [29]. Three
distinct adsorption isotherm models were used to analyze the equilibrium
adsorption data: Langmuir, Freundlich, and Temkin. To characterize the
isotherms, it was fitted utilizing Temkin equations with highest values of
correlation coefficient.

Langmuir

According to this notion, adsorption occurs in a monolayer, and all adsorption
sites on the adsorbent are homogenous. It is expressed using a linear
equation[30].

Ce/Qe= 1/kLQmax+ Ce/Qmax ...(1)

The maximum adsorption efficiency is Qm (mg.g-1), and the dependency-constant
is KL (L.mg-1). The maximum adsorption efficiency and Langmuir constant will be
calculated using the slope and intercept of the linear plots Ce/Qe vs Ce, resulting
in a straight line with a slope of 1/Qmax that is consistent with full monolayer
coverage (mg.g-1), while the intercept reflects the number 1/kLQmax.

Freundlich

It is one of the most essential isotherms for studying adsorption from a solution,
especially in a non-ideal system. This concept claims that materials adsorb on
heterogeneous surfaces (Hetro-surfaces) and that the attractiveness of the
adsorption sites held by the adsorbing surface varies from one site to the next.
Also, because of the varied adsorption sites in terms of their energy levels, this
sort of adsorption isotherm is multi-layered rather than single-layered, and the
Frendelich linear connection is mathematically stated in the following
manner[31].

Inge = InKF + %lnCe (2)

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

Temkin

This form of isotherm assumes that the adsorption process is influenced by
indirect influences. Because the heat of adsorption is greatly affected by the
process of overlap between the adsorbent surface and the adsorbent material, the
higher the coverage, the lower the adsorption heat in a linear manner for all those
layers, and the linear mathematical relationship that expresses an equation that
can be as follows[32].
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B=RT/bT, where bT (J/mol) is the adsorption heat, AT or (KT) (L/g) is the Temkin
isotherm equilibrium binding constant, R is the gas constant (8.314 J/mol.K),
and T is the absolute temperature at Kelvin. The slope and intercept of the plot of

qe

(3)

Qe versus In Ce may be used to calculate the values of B and AT.

12,6 y =0.9525x +1.5407
RZ=0.9058
10 4 W35C | | y=0.7474x+2.725
¢ £ 0 R?= 0.5949
8 - . s5C I j y =0.8987x+3.1161
g o 165 i R?= 0.9043
L.r ] y =0.2171x+6.5946
. R?=0.1552
Yy =0.222x+8.3572
2 | R = 0.0885
0 T T T T 1
0 2 3 4 5 6
Ce(ppm)
a) Langmur
1.5 - y =0.5911x - 0.4909
¢ 25C
.| masc y = R658% 28083
2
a5c y = (65738 Bas6a
o X 55C 2 -
B 051 Looc < v = 0.8456%°Y 0434
£ 209583
g o S 7 , , y= 5'.9433( 583418
2 _
£ ) X ‘/ 3 B? = 0.9656
-0.5 -
-1 - In Ce(ppm) Ib)

Freundlich



10151

4.5 - y = 1.2766x - 0.3273
4 | ¢2€ R?=0.9782
W 35C y = 1.3935x - 0.8016
3.5 1 A45C R? = 0.9266
3 4 X55C y = 1.3258x - 0.9648
_— 2 _
L5 | *85C y= 1.6169% - 2.0682
£, R? = 0.9865
& X y = 1.4396x - 1.9857
1.5 + R?=0.9312
1 .
0.5 -
0 T T )
0 1 2 3 4
InCe(ppm)
c) Temkin
Fig 16. adsorption isotherm models a,b,c
Table 2
Isotherms parameter
La.ngmuir Freundlich
TC R? KL Qmax RL R? n KF
25 0.905 0.618 1.050 0.139 0.948] 1.692 0.612
35 0.594 0.274 1.338 0.267 0.86] 1.464 0.445
45 0.904 0.288 1.113 0.257 0.967] 1.434 0.373
55 0.155 0.032 4.608 0.752 0.958] 1.057 0.128
65 0.088 0.026 4.504 0.790 0.965f 1.053 0.158
DKR Temkin
R? E Qmax 5 R? BT KT
0.945 0.455 3.340 2.415 0.978 1.276 0.773
0.973 0.348 3.514 4.128 0.926 1.393 0.562
0.93 0.370 3.022 3.643 0.992 1.325 0.483
0.954 0.265 3.061 7.083 0.986 1.616 0.278
0.911 0.258 2.643 7.481 0.931 1.439 0.251

Thermodynamic study

The following equation was used to compute the thermodynamic parameter,
enthalpy (AH).

Kc = Ae AH/RT
InXm = -AH/RT + K

(4)
(S)
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InXm is the natural logarithm for the largest quantity adsorbed (mg/g), K is the
Van't Hoff equation constant, R is the universal gas constant (8.314.10-3 kJ/mol.
K-1), and T is the temperature (Kelvin). [32] [33], AG®° may be calculated using
Gibs' equation: [34]

AG°= - RT InKc (6)
and AS° can be finde by equation

AG° = AH - TAS® (7)

AS°= AH .—rAG" (8)

proposed that Kc can be obtained as a dimensionless constant by multiplying K in
(L/mg) by 10°

Kc = K x 10° (18)
AG = -RTIn(K x 10°) (19)

10° factor is assumed to be solution density taking the density of pure water to be
1.0 g/ml[35]. Table 2 depicts the calculated values of thermodynamic parameters
of methyl orange adsorption on (ZnO/MWCNTSs). The amount of the enthalpy
change can be used to classify physical adsorption and chemisorption to some
extent, Bonding strengths of 84 kJ/mol are thought to be typical of physical
adsorption type bonds[36], Based on this, with an enthalpy of -5.87 KJ/mol, MO
adsorption appears to be a physical adsorption process. the positive values of
entropy variations showed that there was a random interference at the solid- a
liquid interface during the fixation on the active sites of the adsorbent. The
negative or nil values of Gibbs free energy (AG°) indicated the feasibility and
spontaneity of the adsorption process without an induction period.[37]

Table 2
Thermodynamic parameter

Co b e 25C° |350° 45¢° 55C° I6SC°

Function

AG (KJ /mol) -29.72 |-30.65 [-31.05 |-31.86 [-32.27
SOppm [ AH (KJ/mol) -5.87

AS (KJ/mol.k) 0.080 fo.080 [o.079 Jo.o79 [o.078
Conclusion

The investigation into the multiwall carbon nano tube that has been treated with
ZnO has yielded a positive outcome. The results showed that 0.2 g of ZNO loading
removed methyl orange. The efficacy of using (ZnO/MWCNTSs) to remove Methyl
Orang dye from aqueous solution was evaluated using batch adsorption testing.
Temkin equations were used to fit the adsorption equilibrium data and
characterize the isotherms. The kinetic data was fitted with 0.9 accuracy using
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pseudo-second order models. MO adsorption looks to be a physical adsorption
technique with the potential for spontaneity and practicality.
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