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Abstract: In this research, a new low-cost material was synthesised multi carbon nanotube/Zinc oxide
nanocomposite (MWCNT/ZnO), nanocomposite used as a sorbent for dye removal from industrial Water treatment,
as like cationic model Maxillon blue (GRL) dye in order to find the adsorption mechanism of adsorption methods
were studied via FESEM, TEM, and BET. Two models of Freundlich and Langmuir isotherm were studied, and
according to the data, it was established that it conforms to the isotherm Freundlich estimation on the value of
R%> 0.9798. The reactivation and re-use of (MWCNT/ZnO) nanocomposite were performed by using water in
the GRL dye up to Cycle 5 under the best conditions. After the 3 cycles of using (MWCNT/ZnO) nanocomposite,
the efficiency is still significant (>80%) and it appears that the (MWCNT/ZnO) nanocomposite is a probable
re-newable absorber, moreover, the effect of ionic strength increases the solubility of the GRL dye in aqueous
medium. Thus, when salt is added, the aqueous solution decreases the removal percentage. Also, a comparison
among several surfaces (ZnONPs, MWCNT, MWCNT/ZnO), found MWCNT/ZnO nanocomposite the best

surfaces to remove GRL dye.
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Introduction

Multi carbon nanotube (MWCNT) is one of the most
important and widely used adsorbents to get rid of toxic
organic and inorganic pollutants, dyes, and lasting and
toxic phenolic compounds, which is characterised by
its advanced porous structure and high surface area
that leads to good absorption properties (Farzadkia
et al., 2018; Kalantary et al., 2012; Khedaer et al.,
2021; Konicki et al., 2012; Wared and Radia, 2021).
Depending on these important physical properties, the
absorption efficiency also depends on the source of
the use of organic materials in the preparation of Multi
carbon nanotube, in addition to the investigational
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conditions employed in the activation methods.
MWCNT can be prepared using a variety of physical
and chemical methods (Attia et al., 2008, Taka et al.,
2020, Abdulrazzak et al., 2021). Zinc oxide (ZnO) can
be set in nature as a zincate mineral; thus, the plurality
of it is prepared unnaturally. The structure of crystal
found in a hexa-gonalwurt-zite form or cubic zinc
blende (Mashkour et al., 2011). Zinc oxide is generally
utilised for treating skin-related problems, for example,
nappy rash and dandruff and also incorporated in
ointments to be utilised in wound dressing (Stefaniuk
et al., 2019, Zhang et al., 2019). Where adsorbent
MWCNT incorporated with zinc oxide NPs was
utilised. Zinc oxide NPs enhanced the recovery of the
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adsorbent from the aqueous water after the elimination
of pollutants (Aljeboree et al., 2019; Mashkour et al.,
2011).

Maxillon blue (GRL) dye, as shown in Figure 1, and
having a molecular formula C;)H,,N,Na,04S,, is an
odourless blue powder utilised for several purposes, e.g.,
stain biological and dermatological agents, medicine
veterinary, and an additive to poultry feed to inhibit
propagation of mold, fungus, and intestinal parasites. It
is too extensively utilised in paper printing and textile
dying (Awwad et al., 2019). About 0.7-2 kg of GRL is
consumed per ton of paper produced. Although GRL
causes gastrointestinal irritation in humans, symptoms
include diarrhoea, vomiting, and nausea. It also irritates
the respiratory system, causing shortness of breath,
and this causes severe coughing continuously. Also, it
is dangerous when touching the skin, causing severe
irritation and redness of the skin. Maxillon blue (GRL)
may form a highly hazardous and highly toxic dye and
produce gases like nitrogen oxides, carbon oxides, and
sulphur oxides when heated to decompose.
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Figure 1: The chemical structure of Maxillon
blue (GRL) dye.

This research aims to study the removal of pollutants
by using highly active surface and show their activity
as reactivation and isotherm models.

Experimental Part

Synthesis of MWCNT/Zinc Oxide Nanocomposite

Multiwall carbon nanotubes (MWCNT) were acquired
from incineration chimneys in furnaces in Hilla/Iraq,
and treated with concentrated H;PO, (0.1N) with
continuous stirring for 2hr, then washed several times
with distiller water, filtrated and dried at 65°C. ZnO NPs
were prepared in the laboratory via adding 5 g each of
oxalic acid and zinc acetate, dissolved in distilled water
and mixed for 1h, after that adding of multi carbon

nanotubes 0.1 g and mixed in ultra-sound for 30 min
until the mixture became. Then it was processed using
a hydrothermal method for 24 hr. at 160°C, and the
nanocomposite was washed several times in D.W. and
dried at 70°C overnight to get the powder utilised in
the experiment.

Batch Adsorption Experiments

A standard (GRL) dye solution 1000 mg/L was prepared
by dissolving 1.0 g GRL dye in 1000 mL of distiller
water. About 100 ml of GRL dye solution (100 mg/L)
was taken in an elementary flask of (MWCNT/ZnO)
nano-composite (0.05g/100ml) and kept separately
at shaker-controlled temperature. The influence of
solution pH on the removal of GRL was studied by
adjusting the pH solution of GRL to about 3-10.5 at
a concentration of 100 mg/L. About 0.1N NaOH and/
or HCI were added. After removal of the (MWCNT/
ZnO) by filtration by a centrifuge of 2000 rpm, the
concentration of dye in the supernatant was determined
by a UV-visible spectroscopy. The removal percentage
(R%) and adsorption capacity (Q,, mg/g) are calculated
in Equations 1 and 2.

R = S =S w100 (1)
C,
C-C
= 1 —ExV 2
Qe W (2)

where C; initial concentration of dye, C, equilibrium
conc. mg/L of dye in the solution, V' volume of dye
(mL), W(g) is the mass of (MWCNT/ZnO).

Results and Discussion

Figure 2a represents carbon nanotubes, where tube-like
clusters appeared on the surface interconnected with
each other in the form of small channels, and Figure
2b after loading zinc oxide onto carbon nanotubes,
where irregular clusters appeared as evidence of zinc
oxide loading. Figure 2c¢ represents the nanocomposite
after adsorption, where we note that all the active
sites are surface packed and clear evidence of loading
onto dye within the nanocomposite and the success of
the adsorption way. Also, a technique with TEM was
used to estimate the characteristics of the synthesis
nanocomposite, where it was observed that small tube-
like clusters of carbon nanotubes appeared on zinc
oxide, and this is evidence of zinc oxide loading on the
carbon nanotube as shown in Figure 2d (Abid Alradaa
and Kadam, 2021; Bader et al., 2019).
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Figure 2: FE-SEM of (a) CNT, (b) ZnO/CNT and (¢) GRL dye ZnO/CNT after and before adsorption of
GRL dye and (d) TEM CNT/ZnO.

Surface Area Analyser (BET)

The porosity and surface area of the prepared surface
(MWCNT/ZnO) nanocomposite were determined
through the use of the BET technique, where this
technique depends on the distribution of the pore size
of the nanocomposite (Wared and Radia, 2021). This
shape was classified as Type IV, and the surface porosity
and pore size were improved after incorporating zinc
oxide into carbon nanotubes (Radia et al., 2022) as
shown in Figure 3.
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Figure 3: Surface area analyser (BET) of nanocomposite.

Reactivation of Nanocomposite

The reactivation of (MWCNT/ZnO) nanocomposite,
after sorption, is one very economically important
parameter for the handling way. It assists in elucidating
the mechanism of GRL removal and loading GRL
dye of the adsorbent, reactivation mechanism and re-
cycling of adsorbents spent which in turn may decrease
operational cost and protect the environment from the
secondary dye. The GRL drug desorption studies were
carried out utilising water. The performance and reuse
of (MWCNT/ZnO) nanocomposite by using water in
the GRL dye adsorption way was studied up to step
3 under best conditions. After the 3 cycles of using
(MWCNT/ZnO) nanocomposite, the efficiency is still
significant (>80%) and this shows that the (MWCNT/
Zn0O) nanocomposite is probably renewable absorber
(Pashaei-Fakhri et al., 2020).

Comparative Adsorption at Several Surfaces

A comparative was studied among several surfaces
(ZnO NPs, MWCNT, MWCNT/ZnO) as that can
work as adsorbents. A 100 mL sample of GRL dye
concentration (100 mg.L!) was added in the presence
of 0.1g from several surfaces (ZnO NPs, MWCNT,
MWCNT/ZnO) and put in a water bath shaker for 60
min (Radia et al., 2022). The result in Figure 4 reveals
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Figure 4: Number of the reactivation of (MWCNT/ZnO)
nanocomposite.

that the MWCNT/ZnO nanocomposite is the best
surface to remove GRL dye.

Comparison of the adsorption of GRL dye onto
nanocomposite and other adsorbent material is shown
in Table 1.

Ionic Strength

Figure 5 shows a decrease in the adsorption efficiency
of GRL adsorbed with added salts, and this reduction
is due to the effect of competition among molecules
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Figure 5: Effect of comparison between several surfaces.

of positive GRL and positive ions of salts onto active
sites. The existence of the electrolyte in the solution
reasons neutralisation of the charged surface of the
adsorbent while competing with molecules dye onto the
surface. Furthermore, with the rising strength, the ionic
adsorption efficiency reduces due to the isolation of the
surface charges for molecules dye. Also, the addition
of salts give rise to the solubility of the dye in their
aqueous medium (Mosaa et al., 2019).

Table 1: Removal of dyes using different surfaces

Dose 0 Co
Sorbent Dyes T(°C) pH t(hr _ y % . Ref.
i CO PO (1) gl " (L) !
MWCNTs-Fe;C  Direct Red 23 30 7 3 0.04 65 - 20 Konicki et al. (2012)
Bromophenol red .
ZnO/AC (BPR) 30 55 12 0.01 200 97 25 Ghaedi et al. (2013)
ZnO/AC Bromocresol 30 6 1 005 5780 - 20 Ansari et al. (2016)
Green
ZnO/AC Eosin Y 30 6.6 1 0.05 61.73 - 20 Ansari et al. (2016)
ZnO/AC Methylene Blue 25 6 1 0.022 8929 88 8 Dil et al. (2016)
ZnO/AC Eosin Yellow 25 6 1 0.022 87.52 882 9 Dil et al. (2016)
ZnO/AC Acridine Orange 25 6 1 0.022  88.5 74 10 Dil et al. (2016)
ZnO/AC Crystal Violet 25 6 1 0.022 9346 96 8 Dil et al. (2016)
CNT / Fe;0, Methylene blue 25 8 1 0.2 248 90 50 Kalantary et al. (2018)
CNTs/ Fe;0, Crystal Violet 25 8 24 0.1 287 - 50 Hosseinzadeh et al. (2018)
CNT/Fe;0, Methylene blue 25 8 24 0.1 302 - 50 Hosseinzadeh et al. (2018)
CNT/Fe;0, Rhodamine B 25 8 24 0.1 231 - 50 )Hosseinzadeh et al. (2018)
zinc oxide Methylene blue 30 7 2 0.2 1154 90 100 Somu and Paul (2018)
zinc oxide Congo red 30 7 3 0.2 62.19 90 50 Somu and Paul (2018)
ZnO Methylene blue 25 - 1 0.3 74.53 - 70 Shaw et al. (2018)
ZnO/AC Crystal Violet 20 7 1 0.02 37.49 82.1 50 Karimi et al. (2019)
CNT/Fe;0, Methylene blue 25 7 1 0.75 1449 87 200 Zhao Zhan et al. (2020)
CNT/Fe;0, Congo red 25 7 1 0.75 1006 83 200 Zhao et al. (2020)
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Figure 6: Effect of ionic strength on the adsorption of
GRL dye.

Zero Point Charge

The pH drift way was used for the pH pzc rough
calculation. pH pzc is the point where the curve of
pH 1 vs. pH 2 crosses the line pH 1 = pH 2, with the
composite value being 3 as shown in Figure 6. At pH
<pHpzc, the composite shows a net charge positive,
whilst at pH >pHpzc the surface is charged negatively.
At basic medium (pH >pHzpc), the quantity of OH- ion
increases in the aqueous medium and the functional
groups in the nanocomposite structure have a charge
negative which can be active to the removal dyes
(Ahlawat et al., 2019).

pH

Figure 6: Zero point charge of nanocomposite.
Adsorption Isotherms

Study two isotherm Freundlich and Langmuir were
utilised to define adsorption equilibrium. Isotherm
Langmuir theory is based on the assumption of
adsorption of the surface homogeneous. The nonlinear
model of Langmuir’s is represented via an equation
(Radia et al., 2022). The non-linear form of the
Freundlich isotherm model is given via Equation 3:

/n
g.= K,C. 3)

The model Langmuir isotherm is commonly utilised
for dye adsorption from liquid solutions. The nature of
the adsorption process was derived from Langmuir’s
alternative Equation 4 (Langmuir, 1918).

_ QmKLCe 4
de = 1+KLCe ( )
q,: amount adsorbed per unit mass of adsorbent at
equilibrium (mg/g), C,: equilibrium concentration
(mg.L"), g,,: represents maximum adsorption efficiency
(mg/g). K;: empirical constant Langmuir (L/mg). The
coefficients of estimation (R?) and isotherm model
factors from the non-linear regressive way were listed
in Tables 1 and 2. A comparison of non-linear fitted
curves from experimental result shows two isotherms.
Figure 7 shows a plot of g, versus C,, where the K
value and 1/n are found from the intercept and slope

of the nonlinear regressions (Aljeboree et al., 2019).

Table 2: The correlation coefficients (Rz)and constants of
isotherm Langmuir, Freundlich isotherm of adsorption
GRL dye adsorbed on to nanocomposite at 20°C

Nanocomposite
Freundlich K, 89.627 7.7725+
I/n 0.3067 0.0319+
R? 0.96813
Langmuir q,,(mg/g) 247911 32.312+
K; (L/mg) 0.418 0.2289+
R’ 0.8295
Langmuir model
250 Freundlich model
< 200
o
g
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Figure 7: Langmuir isotherm (A), Freundlich isotherm
(B), of GRL dye adsorption nanocomposite.
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Conclusion

The highly active nanocomposite surface was
prepared by using the hydrothermal method. The main
purpose of the process depended on the loading of
zinc oxide nanoparticles onto the surface of carbon
nanotubes to increase the surface area. Furthermore,
the efficiency of the surface in removing the polluted
GRL dye from aqueous solution increases, meanwhile,
increasing the ability of the surface to reactivate and get
utilised more than once and reduce the economic cost,
reused and eco-friendly. Results show the adsorption
process following the Freundlich model as an adsorption
isotherm.
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