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Abstract: A new type of nano-adsorbent zinc-silver nanoparticles ornamented by multi-walled
carbon nanotubes (Zn-Ag MWCNT) was efficiently synthesized by double arc discharge using
a newly designed rotating cylinder electrode. Zn-Ag MWCNT was characterized by different
instrumental methods to get information about the sample shape, size, and crystallinity. Without
irradiation, Zn-Ag MWCNT indicated significant potential for elimination against methylene blue
(MB) which is dissolved in deionized water. When the adsorbent concentration was 0.1 g/L at
normal 8 pH, the Zn-Ag MWCNTs were efficient in removing 97% of the MB from 40 mg/L that
was dissolved in water for 10 min. The dye removal activity of (Zn-Ag) decorated MWCNTs was
attributed to the influence of silver and zinc nanoparticles on the MWCNTs. Finally, this approach
was both cost-effective and efficient.

Keywords: double arc discharge; zinc-silver nanoparticles; carbon nanotubes; methylene blue;
contaminated water; dye removal

1. Introduction

World populace increment caused inadequate access to consumable water, universally;
more than 2.2 billion individuals utilize a drinking water sullied source [1]. Half of the
world’s population will be suffering from a severe shortage of water resources in a few
years [2]. Purification of water is one of the most significant applications, especially in
nations with limited water resources. One of our country’s official goals is to reuse every
drop of water, even multiple times. Many research laboratories suggested treating the toxic
dye removal from water using different techniques such as photocatalytic degradation [3],
Fenton’s oxidation [4], enzyme degradation (biological), and adsorption (physical) dye [5].
One of the popular applications is the adsorption process due to its simplicity. Trace of
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dyes in water, if it crosses the World Health Organization (WHO) thresholds, can trigger
disease [1]. To solve this problem, scientists have used nanoparticles to remove dyes.
Various types of adsorbents have been used in different settings to easily separate the dye
from treated water. It is very important to study the applications of the prepared nanoma-
terials in solving some serious problems like water treatment. Arc discharge technique
benefits from distinct advantages such as simple architectural design, utilizing non-toxic
materials, and low cost adsorbents with high performance [6]. It is widely understood that
silver nanoparticles (AgNPs) and these nano-families appear more prominent catalytic
movement within the region of MB removal because of shape and size-dependent plasmon
resonance [7]. It was discovered that the AgNPs in the products act as an e-transport link
between the nano-adsorbent and the MB [8]. In latest years, carbonaceous compounds
have received a lot of attention for adsorption applications, because of their exact stability,
structural variety, density, and appropriateness for large-scale production, the adsorption
of different types of dye may be a convenient alternative for graphene [9–11]. Carbon
nanotubes (CNTs) decorated by transition metal such as snaps can increase the activity
by using the charge mediator mechanism [3]. As carbon nanotubes have high adsorption
efficiency for synthetic dyes, they are regarded among the most hopeful adsorbents for
wastewater detoxification [12]. MWCNTs were discovered to be effective in removing
MB from aqueous medium [13,14]. It has been stated that the adsorption capability of
MWCNTs for MB removal is greater when compared to CNTs [15]. Previous work showed
that there exists a most suitable particle size of approximately 33 nm for optimal photocat-
alytic action [16]. This most effective particle size is resulting from an increment interior of
the charge carrier recombination rate, which resists the significant growth springing up
from the high specific surface area particularly for a relatively small particle size [16]. The
particle shape design of zinc oxide nanoparticles (ZnO Nps) and the initial concentration
of MB are essential factors in dye removal [17]. To the most excellent of our information,
however, there was neither report dealing with the effects of Zn-Ag MWCNT on wastew-
ater treatment. Nanomaterials have different characterization than others in the form of
clusters that may play a vital role in the review of the field of material sciences. The way of
preparation can be chemically or physically [7–9]. Physical arc discharge method seems
to be an alternative that is cheap, effective, and environmentally friendly. It may appear
too simple and avoid chemical toxicity, and oxidizing nanometals [6]. Many research
laboratories use two electrodes of arc discharge to produce metal nanoparticles or use two
different metals to produce metal-metal nanocomposite [10]. A new design for preparation,
a sample was created using double arc discharge successfully produces controlled size
Zn-Ag MWCNT avoiding chemical toxicity. This novel study began with the creation of
a Zn-Ag MWCNT nanocomposite using a rotational cylindrical cathode made of carbon
arcing by two different anodes, one made of silver and the other of zinc, and then yield
shape and size investigated using various characterization methods. Zn-Ag MWCNT
nanocomposite activity on MB dissolved in deionized water under various conditions
examined. At first, the process started with studying the effect of contact time to get an
equilibrium time point, then get the best initial concentration of MB and suitable adsorbent
dosage at specific pH.

2. Materials and Methods
2.1. Materials Procured

Deionized water as a solution was purchased from the Institute of Graduate Studies
& research in Alexandria Egypt and MB with a purity above 99% was purchased from
Alpha Chemika company, Andheri West, Mumbai, India. A zinc rod Purity is 99.5% was
purchased from The Egyptian Company for Zinc, Cairo, Egypt and 100.00% pure cylindrical
graphite (Ultra carbon P.O. Box 747, MICHIGAN 48706, Bay, MI, USA). An alternating
current (AC) power supply was applied. Silver electrode with a purity above 99% was
purchased commercially from the local sellers in Turkey.
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2.2. Experimental Setup of Methodology

In the present work double arc discharge unit was manufactured to be used to control
one electrode, which is connected at 70 volts and current 15 A path through it first, while
the second unit controls another electrode connected at 50 volts and 15 A current. Both
electrodes act as anodes, which have dimensions 4 mm in diameter and 5 cm in length.
This operation was carried out in a vessel containing 1 L of deionized water at 5.8 pH
under the effect of atmospheric pressure. As demonstrated in Figure 1 where the whole
system was modified from the previous work [10] by adding another feeding anode which
is connected to a carbon cylindrical rotating cathode 16 mm rotated at 950 rpm in diameter
and 5 cm in length.
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Figure 1. Electric arc discharge system.

The calibration process was carried out as follows: (1) 80 mg of MB as a decontami-
nated agent was added to 2 L of deionized water, (2) for homogeneity the decontaminated
solution was ultrasonicated at room temperature for sufficient time, and (3) to determine
MB concentration in water for any unknown sample, a calibration process was carried out
by preparing well known concentrations (10, 20, 30, 35 and 40 mg/L) from the stock. UV-
6800UV/VIS spectrophotometer (JENWAY-Germany) was used to study the absorbance
versus the MB concentration. The sensitivity of the spectrophotometer was satisfactory.

2.3. Preparation of Zn-Ag MWCNT

The double arc discharge method was used to synthesize Zn-Ag MWCNT. Throughout
synthesis of the nanocomposite, the arc discharge was generated between Ag and Zn
electrodes. Both appear as anodes and pure carbon electrode appearing as a cathode as
proven in Figure 1. High purity silver rod was used as the anode with a flat surface to
keep uniform arcing during the experiment. Another zinc rod was drilled into a plexi
container making an angle of 90◦ with the carbon electrode to produce the best yield [18].
Both silver and zinc electrodes were separated by a small distance gap carbon rotatory
electrode; its motion was adjusted by a microcontroller system to maintain continuous
three phase arc discharge [19]. The voltage used to preserve a steady release arc discharge
between (silver, carbon) and (zinc, carbon) electrodes were 70 V and 50 V respectively.
The double arc discharge in which first arc (sampling plasma) was used to evaporate and
atomize the first metal sample, while the second arc is used to excite the resultant particles
to combine with the second metal nanoparticles and carbon cathode. The yield prepared its
characterizations were investigated to get clear information about size, shape, crystallinity,
morphology, purity, and types of bonds attached together [10]. Zn-Ag MWCNT was done
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in only one step without the use of catalyst precursors to avoid the chemical toxicity of
nano adsorbents used in the water dye removal.

2.4. Characterization

The yield prepared its characterizations were investigated to get clear information
about size, shape, morphology (using JEOL JEM-2100 high resolution transmission electron
microscope (HRTEM, at Alexandria University in Egypt, Model JEOL-JSM-6360LA) crys-
tallinity (using X-ray diffraction analyzer, (JEOL Ltd., Tokyo, Japan), purity using (energy
dispersive X-ray (EDX, JEOL Ltd., Tokyo, Japan) and types of bonds attached together
(using Fourier-transform infrared at Egypt Japan University of Science and Technology,
Alexandria, Egypt)

2.5. Adsorption Experiments of MB Dye

The procedure was followed in steps, and all experiments were done in triplicate,
with the average values reported.

Factors Affecting the Adsorption Process
According to this calibration process, it was possible to study some factors affecting

the process of water treatment as follow:

I. Contact time: to find the best for removal of MB from contaminated water, 100 mg of
the prepared Zn-Ag MWCNT as adsorbent dose was added to 100 mL MB solution
(40 mg/L) in a dark bottle at fixed pH = 5.8 then the bottle was placed on an electrical
shaker for a time extended to 35 min.

II. Dye concentration: the previous experiment was repeated several times under the
same conditions except for the concentration of MB in deionized water was varied
from 10 mg/L to 40 mg/L. Each time the dye’s removal percent was determined by
the UV spectrophotometer measurements.

III. Nanomaterial’s Zn-Ag MWCNT dosage: it was worthy to study the effect of the
adsorbant dosage on the water treatment from MB. Here the same experiment was
repeated using dosage, ranging from 100 mg up to 300 mg.

IV. pH: this experiment was carried out at various pH using drops of NaOH or HCl.
V. pH of the solution was measured using a pH meter after it had been balanced with

NaOH or HCl solutions.
VI. Point of zero charge (pzc): the point of zero charge was determined according to

Albis et al. [20]. In brief, 50 mL of 0.01 M NaCl was adjusted to pH from 2 to 12 at
1 pH unit interval by using 0.01 M NaOH and HCl. 0.1 g of the sorbents was added,
and the mixture was stirred for 48 h. The pH of each batch was measured (pH meter:
Hach Sension 1, model 51700-23, Shanghai, China). Initial and final pH values were
recorded and plotted. Moreover, after each experiment, the nano adsorbent content
was eliminated from water by centrifuge with a speed of 4000 rpm. All the tests were
performed in duplicate. The reduced amounts of MB were calculated by the following
equation [12]:

q =
initial concentration(c0)− concentration at time t of MB(Ct)

the volume of solution in liters(vm)

In the desorption process, the MB dye adsorbed onto Zn Ag MWCNT was washed
with ethanol, and water several times and transferred into a 100 mL beaker. The washing
solution was also analyzed by UV to ensure the total desorption of MB. Then Zn Ag
MWCNTwas reused several cycles to investigate the reusability.

3. Results and Discussions
3.1. Characterization of Synthesized Zn-Ag MWCNT

TEM shows dark spherical particle shape of silver 24 ± 5 nm and hexagonal zinc at
size with average diameter 33 ± 7 nm decorated by pale MWCNT. As shown in Figure 2
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at the three different scales Ag and Zn surrounded MWCNTs have an outer diameter of
about 3.5 ± 1.2 nm.



Materials 2021, 14, 7205 6 of 15

Materials 2021, 14, x FOR PEER REVIEW 5 of 14 
 

 

3. Results and Discussions 
3.1. Characterization of Synthesized Zn-Ag MWCNT 

TEM shows dark spherical particle shape of silver 24 ± 5 nm and hexagonal zinc at 
size with average diameter 33 ± 7 nm decorated by pale MWCNT. As shown in Figure 2 
at the three different scales Ag and Zn surrounded MWCNTs have an outer diameter of 
about 3.5 ± 1.2 nm. 

 
Figure 2. TEM image of Zn-Ag MWCNT (a) at 10 nm scale, (b) at 20 nm scale, and (c) at 50 nm scale. 

The obtained XRD spectrum reveals main peaks as in Figure 3 which is in close agree-
ment with the formation of Zn-Ag MWCNT. The XRD designs of all the tests show the 
high intensity of zinc peaks which is related to increases in zinc percentage in the sample 
prepared. The presence of hexagonal shape of ZnNPs confirmed by appearing of 7 dif-
fraction peaks as maintained in JCPDS card file No. 36-1451 [21]. The presence of excessive 
intensity silver height (111) relative to the other remaining 3 peaks suggests the presence 
of a spherical form of silver nanoparticles with the agreement of 04-0783 standard card of 
the JCPDS [22]. The first absorbed peak at 26.4° indicates the presence of CNT from JCPDS 
No. 01-0646 [23]. 

 
Figure 3. Shows the XRD patterns of Zn-Ag MWCNT. 

The sample elemental purity was investigated using (EDX) to identify the elemental 
composition of the yield; the analysis is shown in Figure 4. It was observed that yields 
contained Zn, C, O, and Ag with percentages of 68.65%, 19.51%, 5.56%, and 6.28%, respec-
tively. 
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The obtained XRD spectrum reveals main peaks as in Figure 3 which is in close
agreement with the formation of Zn-Ag MWCNT. The XRD designs of all the tests show
the high intensity of zinc peaks which is related to increases in zinc percentage in the
sample prepared. The presence of hexagonal shape of ZnNPs confirmed by appearing
of 7 diffraction peaks as maintained in JCPDS card file No. 36-1451 [21]. The presence of
excessive intensity silver height (111) relative to the other remaining 3 peaks suggests the
presence of a spherical form of silver nanoparticles with the agreement of 04-0783 standard
card of the JCPDS [22]. The first absorbed peak at 26.4◦ indicates the presence of CNT from
JCPDS No. 01-0646 [23].
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Figure 3. Shows the XRD patterns of Zn-Ag MWCNT.

The sample elemental purity was investigated using (EDX) to identify the elemental
composition of the yield; the analysis is shown in Figure 4. It was observed that yields con-
tained Zn, C, O, and Ag with percentages of 68.65%, 19.51%, 5.56%, and 6.28%, respectively.
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Figure 4. Shows EDX diagram.

To ensure the participating bond of Ag and Zn nano-metals with CNTs, FTIR was
experimented as depicted in Figure 5. The peaks at 431 cm−1 [24] and 676 cm−1 [25]
confirmed the structure of crystalline Zn-O and Ag-O NPs. The peaks around 3444 cm−1

and 2364 cm−1 [26] are due to -OH stretching vibration and O-H stretch from strongly
hydrogen-bonded -COOH, respectively. The variation of other peaks (1638, 1460, and
1119 cm−1) [27,28] show the binding between ZnNPs and AgNPs and carbon skeleton tube
through simple electrostatic attraction or formation of a coordination bond.
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3.2. Water Decontamination Results
3.2.1. Calibration of the Spectrophotometer Results

To find the optimum condition for reducing MB, one studied the absorbance against
the concentration of the MB. Standard samples of MB in deionized water with different
concentrations were used to calibrate the spectrophotometer. The results revealed that the
relation between absorbance and the concentration is linear as shown in Figure 6 given by:

absorbance(A) = molar absorptivity (Ie) × path length constants (l) × sample concentration (C)
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It was easy to get an empirical formula for the variation of the concentration with
the absorbance.

(A) = 0.14 (C) (1)

3.2.2. Impact of Contact Time

To provide the color change, 100 mg of Zn-Ag MWCNT as a single adsorbent dose was
added to 40 mg/L MB in 100 mL deionized water. The adsorbed quantity of MB steadily
expanded with the contact time expanding until reaching the adsorption equilibrium time.
It was clear from Figure 7a that the adsorption equilibrium time is ≈25 min and 65% MB
dye is removed.

3.2.3. Impact of Initial Dye Concentration

The introductory dye concentration has an impact on the decontamination process. On
fixing the contact time at 25 min and the adsorbed dose of Zn-Ag MWCNT at 100 mg it was
possible to study how much MB dye was removed from water by varying its concentration.
Figure 7b revealed that at a low concentration, about 100% of the dye was removed, this
removal percent decreases gradually as the concentration of dye increases to reach more
than 65%.
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3.2.4. The Effect of Adsorbent Dosage

To enhance this performance and increase the dye removal, the study was expanded to
use different doses of the absorbent agent Zn-Ag MWCNT. These doses were varied from
0.1 to 0.3 g/100 mL at MB beginning concentration 40 mg/L. Figure 7c; MB eliminating
percentage steadily change with an adsorbent dosage until 0.3 g, after which the removal
percentage almost reached a steady-state for nano-sorbents.

3.2.5. Effect of pH

To examine the behavior of hydrogen power on MB, at the beginning 40 mg/L MB
medium was disturbed with 0.1 g of Zn-Ag MWCNT at various pH values (1–13) using
HCl and NaOH reagents at room temperature 27 ◦C and the data are depicted in Figure 7d;
an increase in the% elimination of MB was observed for neutral and basic medium within
contact time was 25 min. pH values much lower than point of zero charge (pHpzc) = 5.6, the
surface of the MWCNTs will be more positive, and hence it will reduce its ability to interact
with MB cation dye. As the pH increases, the negative charge on the Zn-Ag MWCNT
surface provides electrostatic interactions with MB. According to these experiments, one
can summarize as follows the best contact time was 25 min, the lowest dose 0.1 g for higher
concentration of 50 ppm of MB gives dye removal exceeding 97% at neutral pH 8.
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3.3. Kinetics Aspects

Laboratory adsorption results have been gotten for various times interims at incipient
concentrations of 40 ppm MB dye was fitted to three kinetic models (pseudo-1st-order,
pseudo-2nd order kinetic and Elovich model) in Table 1 for describing the function of
the proposed adsorption process under optimum conditions [29]. Lagergren’s rate equa-
tion [30] was considered as one of the foremost broadly utilized rate equations to portray
the adsorption of an adsorbate from the liquid stage.

Table 1. The adsorption of MB onto Zn-Ag MWCNT adsorbent factors studies.

Isotherms Linear
Expression Plot Parameters R2 Calculated

Parameters Ref.

1st-order kinetic
Log (qe −qt) =

Logqe− k1
2.303 t

Log (qt −qt) vs. t qt = exp(intercept)
k1 = −(slope × 2.303) 0.88 k1= 0.138 min−1

qe = 21.71
[30]

2nd-order kinetic t
qt

= 1
k2q2

e
+ t

qe

t
qt
vs.
t

qe = (slope)−1

k2 = (slope)2 ×
(intercept)−1

0.98
k2 = 5.8 × 103

(g/mg·min)
qe = 27.91

[31]

Elovich
qt =

1
β ln(α β) + 1

β ln
(t)

qt
vs.

ln (t)

β = slope, α = (slope)−1

exp(intercept/slope)
0.92

α =1.747
(mg/g·min)

β = 4.430 (g/mg)
[32]

Intraparticle diffusion qt = kint t1/2 + C qt vs. t1/2 kint = slope 0.99 kint =3.373
C = 7.359 [33]

Film diffusion process ln
(

1 − qt
qe

)
= −R’t ln

(
1 − qt

qe

)
vs. t R’ = −(slope) 0.86 R’ = 0.156 min−1 [34]

The results show that the Pearson’s correlation “R” on Zn-Ag MWCNT adsorbents are
low, and the non-reasonable discrepancy between the experimental and measured adsorp-
tion potential (qe) of Elovish and 1st order kinetic models demonstrated that this model fails
to grasp the experimental evidence. The pseudo-2nd-order assumes that chemisorption is
the rate-determining stage. The adsorption results have a high regression coefficient (0.98)
with a pseudo-2nd-order kinetic model rate constant of 5.8 × 103 (g/mg·min), indicating
that adsorption on Zn-Ag MWCNT matches the pseudo-2nd-order kinetic model. Diffusion
models aid in determining the exact adsorption process. The liquid-solid sorption process
describes the mechanism of nano-metal CNT adsorbent by major stages [34]: (a) Nano-
adsorbent host metal ions from the bulk fluid to its outer surface. (b) Intra-particle diffusion
is known as either pore diffusion or solid surface diffusion. The metal ions are diffused
inside adsorbent pores in the first mechanism, while the active sites on the adsorbent’s
surface absorb the metal ions in the second. The only rate-limiting step is intra-particle
diffusion. Adsorption kinetics may be dominated by both intra-particle diffusion and
film diffusion at the same time. Table 1 summarized the findings, which showed that MB
adsorption on Zn-Ag MWCNT applied the intra-particle diffusion model.

3.4. Isotherm Investigation

Adsorption isotherms are fundamental conditions for designing adsorption schemes.
To interpret the equilibrium data in this analysis, the Langmuir, Freundlich, and Temkin
isotherms were evaluated. The Langmuir isotherm is used to explain adsorption mecha-
nisms and is based on the premise that uptake happens on a homogeneous surface through
monolayer sorption with no interaction between adsorbed molecules. The value of separa-
tion factor RL indicates either the adsorption isotherm to be unfavorable (RL> 1), favorable
(0 < RL> 1), linear (RL= 1) or irreversible (RL= 0). The RL values of Zn-Ag MWCNT adsor-
bent lies in the range of zero to unity indicating the favorable adsorption of MB dye on the
adsorbent [35].

RL =
1

1 + kL × co
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The theoretical Freundlich study is premised on the hypothesis of the multilayer
adsorbate formation on the adsorbent heterogeneous solid surface and concludes that the
stronger binding sites are occupied first and that binding strength reduces with increasing
degree of site occupation [36]. Values RF and nF are Freundlich constants that contribute
to adsorption capacity and intensity of adsorption, respectively. The value of nF changes
with the adsorbent’s heterogeneity, and for a desirable adsorption operation, the value
of n should be less than 10 and greater than unity. As shown in Table 2 the value of nf
obtained was 2.3 for Zn-Ag MWCNT indicating a favorable adsorption process. Unlike the
Langmuir and Freundlich isotherms, the Temkin isotherm model considers interactions
between adsorbents and metal ions to be adsorbed and focuses on the premise that the free
energy of sorption is a property of surface coverage [37].

Table 2. Isotherms and their linearized expressions.

Isotherms Linear
Expression Plot Parameters R2 Calculated

Parameters Ref.

Langmuir
1
qe

=
1

kL∗qm
∗ 1

ce
+ 1

qm

1
qe

vs. 1
ce

qm= (intercept)−1

KL= intercept/slope
0.995 qm= 33.11 mg/g

KL= 0.250 L/mg [35]

Freundlich
ln (qe ) =

ln
(
K f

)
+ 1

n f
ln (Ce)

ln (qe ) vs. ln (Ce)
KF= exp(intercept)

nf = (slope)−1 0.910
KF= 5.568

(mg/g)(L/mg)1/n

nF= 2.358
[36]

Temkin qe = qm ln kT +
qm ln Ce

qevs. ln (Ce)
qm= slope
KT= exp

(intercept/slope)
0.959 qm= 7.1031 mg/g

KT= 1.22 L/g [37]

The correlation coefficients, R2 values, were used to assess the applicability of the
isotherm equation to explain the adsorption mechanism. The data were fitted by adsorption
isotherm models in the following order: Langmuir > Temkin > Freundlich. The correlation
coefficients, R2 values, were used to assess the applicability of the isotherm equation to
explain the adsorption mechanism. The data were fitted by adsorption isotherm models in
the following order: Langmuir > Temkin > Freundlich. The preceding order showed that
two-parameter models matched the equilibrium data better. The Langmuir isotherm model
suits the equilibrium results better, implying that the surface of Zn, Ag MWCNT for MB
adsorption is heterogeneous. Furthermore, the Freundlich isotherm model has suggested
multilayer adsorption of MB. The fact that the Langmuir isotherm closely matches the
experimental results may be attributed to the homogeneous distribution of active sites.
Due to the charge of MB, such a consequence is to be anticipated, so that the first charged
adsorbent layer inhibits multiple layer adsorption.

Several approaches for incorporating co-catalysts have been suggested [38]. Carbon
microspheres decorated with silver show interesting results to eliminate all the MB from
an aqueous medium containing 30 mg/L MB within 60 s. When the microstructure was
0.12 g/L and exposed to visible light irradiation [39]. The photocatalytic activities of
ZnO-coated MWNTs composite were analyzed to pure ZnO and pure MWNTs. The high
adsorption of MB by MWNTs is due to their large specific surface area (185.3 m2 g−1) and
cylindrical composition [40]. The photocatalytic activity of Ag-ZnO was stronger than
that of reference titanium powders. The highest loss of MB occurred when the Ag loading
was between 1% and 3%, and the reaction rate decreased as the Ag loading increased.
It was found that 95% of MB was eliminated of the time in half-hour and 100% of the
time in one hour 100% of the time in one hour [41]. The induced zinc and graphene in
carbon nanotube nanocomposite with 3.9 wt% CNTs has a high adsorption capacity of
96 percent. The increased photocatalytic activity of the nanostructures composite is due
to the increased optical emission and the decreased charge recombination caused by the
addition of CNTs [42]. The adsorption capacity of Zn-Ag MWCNT was compared with
others as tabulated in Table 3.
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Table 3. Summary of the recently published articles for removal of MB dye from wastewater.

Adsorbent Prepared Method Adsorption Capacity
(mg g−1) Reference

Ag-CNT Physical Arc discharge 45.87 [10]

ZnO NPs Physical Arc discharge 25.12 [10]

MWCNTs Chemical Method 95.30 [43]

Magnetic cellulose/GO composite Chemical Method 70.03 [44]

Nano-Co3O4/SiO2 Chemical Method 53.87 [45]

Graphene oxide–Fe3O4 hybrid
nano-composite Chemical Method 167.20 [46]

Copper hydroxide nanowires
decorated on activated carbon Chemical Method 139.9 [47]

Carbon nanotubes Chemical Method 46.20 [48]

Polyaniline nanotubes base Chemical Method 9.21 [49]

Titanate nanotubes Chemical Method 133.33 [50]

G–CNT hybrid Chemical Method 81.97 [51]

Zn-Ag MWCNT Physicsl Arc discharge 33.11 The present work

According to the concept of sustainability, the reuse of nano adsorbent after use was
examined by using the desorption process. After successful adsorption of Zn Ag MWCNT
with MB occurred, the product of this combination was precipitated. The precipitated
combined material was separated from the solution, washed with ethanol [52] to ensure
desorption of MB from the nano adsorbent, and dried in air without structure damage
for reuse in several cycles. The reuse study was carried out by repeating the adsorption–
washing–desorption cycle five times under the same conditions to determine the removal
efficiency in each cycle as shown in Figure 8.
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The adsorbtion capacity of Zn, Ag MWCNT is compared with other materials prepared
with the same method Ag-CNT, and ZnO NPs [10] showed that the Zn, Ag MWCNT is
higher than ZnO NPs and lower than Ag-CNT. In the present work, the Ag% of Zn, Ag
MWCNT reduced from 64.65% to 6.28% that present in Ag-CNT to not affect the toxicity
of water. Additionally, Zn, Ag MWCNT can be regenerated and easily separated from
aqueous solution without any weight loss. The Zn, Ag MWCNT prepared by the physical
method has low toxicity compared with other materials prepared by chemical methods, is
cheap, and is very effective in normal pH.

This suggests that Zn, Ag MWCNT are promising adsorbents for the removal of MB
from aqueous systems.
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4. Conclusions

This study offers a novel technique to prepare pure nano composites Zn-Ag MWCNT
by a double arc discharge method using non-traditional rotation electrodes at a cost not
exceeding one American dollar per each nano produced gram at the time of writing the
search. It was fantastic to produce three different materials in the nano range companied
together via using the physical method without any chemical toxicity which may affect
portal water. The FTIR result confirmed the functioned MWCNTs obtained using various
functional groups. The nano adsorbent under discussion was simple to make and demon-
strated excellent MB dye adsorption capacity in polluted water at room temperature. It
can be inferred that the best removal of MB dye from polluted water occurred at pH levels
ranging from 8 to 12, an adsorbent dosage of 0.1 g/L, and a contact period of 25 min. Dye
concentration parameter has a great influence while it is high on the elimination percentage
of the solution. According to the kinetics and isotherm analysis, the experimental absorp-
tion results align well with pseudo second-order kinetics and Freundlich isotherm signals
of chemisorption and multilayer adsorption, respectively.

Author Contributions: Conceptualization, M.E.-K. and M.E.; methodology, M.E.-K. and N.I.G.;
software, M.E. and M.I.S.; validation, F.S.A., M.T. and M.E.; formal analysis, N.I.G.; investigation,
M.E.-K.; resources, H.M.; data curation, M.A.I.; writing—original draft preparation M.E.-K; writing—
review and editing, F.S.A. and M.T.; visualization, M.U.K. and M.I.S.; supervision, M.E.-K. and M.E.;
project administration, M.A.I.; funding acquisition, H.M. and M.U.K. All authors have read and
agreed to the published version of the manuscript.

Funding: This work was partially supported by the Malaysian Ministry of Higher Education through
the FRGS grant with code FRGS/1/2020/TK0/UM/02/33.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available on request from the
corresponding authors.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. WHO. WHO Drinking Water Guidelines for Drinking-Water Quality, 4th ed.; WHO: Geneva, Switzerland, 2017; CC BY-NC-SA 3.0

IGO; ISBN 978-92-4-154995-0. Available online: https://www.who.int/publications-detail-redirect/9789241549950 (accessed on
25 November 2021).

2. WHO. Ending Preventable Child Deaths from Pneumonia and Diarrhoea by 2025; WHO: Geneva, Switzerland, 2013; ISBN 978 92 4
150523 9. Available online: https://www.who.int/publications/i/item/9789241505239 (accessed on 25 November 2021).

3. Yagub, M.T.; Sen, T.K.; Afroze, S.; Ang, H. Dye and its Removal from Aqueous Solution by Adsorption: A Review. Adv. Colloid
Interface Sci. 2014, 209, 172–184. [CrossRef] [PubMed]

4. Nidheesh, P.V.; Gandhimathi, R.; Ramesh, S.T. Degradation of Dyes from Aqueous Solution by Fenton Processes: A Review.
Environ. Sci. Pollut. Res. 2013, 20, 2099–2132. [CrossRef] [PubMed]

5. Katheresan, V.; Kansedo, J.; Lau, S.Y. Efficiency of Various Recent Wastewater Dye Removal Methods: A Review. J. Environ. Chem.
Eng. 2018, 6, 4676–4697. [CrossRef]

6. Koh, H.K.; Geller, A.C.; VanderWeele, T.J. Deaths from COVID-19. JAMA 2021, 325, 133–134. [CrossRef] [PubMed]
7. Mallick, K.; Witcomb, M.; Scurrell, M. Silver Nanoparticle Catalysed Redox Reaction: An Electron Relay Effect. Mater. Chem. Phys.

2006, 97, 283–287. [CrossRef]
8. Gupta, N.; Singh, H.P.; Sharma, R.K. Metal Nanoparticles with High Catalytic Activity in Degradation of Methyl Orange: An

Electron Relay Effect. J. Mol. Catal. A Chem. 2011, 335, 248–252. [CrossRef]
9. Ai, L.; Zhang, C.; Chen, Z. Removal of Methylene Blue from Aqueous Solution by a Solvothermal-Synthesized Graphene/Magnetite

Composite. J. Hazard. Mater. 2011, 192, 1515–1524. [CrossRef]
10. El-Khatib, A.M.; Yousef, N.; Ghatass, Z.; Badawi, M.S.; Mohamed, M.; Elkhatib, M. Synthesized Silver Carbon Nanotubes and

Zinc Oxide Nanoparticles and their Ability to Remove Methylene Blue Dye. J. Nano Res. 2019, 56, 1–16. [CrossRef]
11. Ramesha, G.; Kumara, A.V.; Muralidhara, H.; Sampath, S. Graphene and Graphene Oxide as Effective Adsorbents toward Anionic

and Cationic Dyes. J. Colloid Interface Sci. 2011, 361, 270–277. [CrossRef]

https://www.who.int/publications-detail-redirect/9789241549950
https://www.who.int/publications/i/item/9789241505239
http://doi.org/10.1016/j.cis.2014.04.002
http://www.ncbi.nlm.nih.gov/pubmed/24780401
http://doi.org/10.1007/s11356-012-1385-z
http://www.ncbi.nlm.nih.gov/pubmed/23338990
http://doi.org/10.1016/j.jece.2018.06.060
http://doi.org/10.1001/jama.2020.25381
http://www.ncbi.nlm.nih.gov/pubmed/33331884
http://doi.org/10.1016/j.matchemphys.2005.08.011
http://doi.org/10.1016/j.molcata.2010.12.001
http://doi.org/10.1016/j.jhazmat.2011.06.068
http://doi.org/10.4028/www.scientific.net/JNanoR.56.1
http://doi.org/10.1016/j.jcis.2011.05.050


Materials 2021, 14, 7205 14 of 15

12. Sadegh, H.; Shahryari-Ghoshekandi, R.; Agarwal, S.; Tyagi, I.; Asif, M.; Gupta, V.K. Microwave-Assisted Removal of Malachite
Green by Carboxylate Functionalized Multi-Walled Carbon Nanotubes: Kinetics and Equilibrium Study. J. Mol. Liq. 2015, 206,
151–158. [CrossRef]

13. Ghaedi, M.; Kokhdan, S.N. Oxidized Multiwalled Carbon Nanotubes for the Removal of Methyl Red (MR): Kinetics and
Equilibrium Study. Desalination Water Treat 2012, 49, 317–325. [CrossRef]

14. Ghaedi, M.; Khajehsharifi, H.; Yadkuri, A.H.; Roosta, M.; Asghari, A. Oxidized Multiwalled Carbon Nanotubes as Efficient
Adsorbent for Bromothymol Blue. Toxicol. Environ. Chem. 2012, 94, 873–883. [CrossRef]

15. Shahryari, Z.; Goharrizi, A.S.; Azadi, M. Experimental Study of Methylene Blue Adsorption from Aqueous Solutions onto Carbon
Nano Tubes. Int. J. Water Res. Environ. Eng. 2010, 2, 16–28.

16. Dodd, A.C.; McKinley, A.J.; Saunders, M.; Tsuzuki, T. Effect of Particle Size on the Photocatalytic Activity of Nanoparticulate Zinc
Oxide. J. Nanopart. Res. 2006, 8, 43–51. [CrossRef]

17. Jang, Y.; Simer, C.; Ohm, T. Comparison of Zinc Oxide Nanoparticles and its Nano-Crystalline Particles on the Photocatalytic
Degradation of Methylene Blue. Mater. Res. Bull. 2006, 41, 67–77. [CrossRef]

18. Ando, Y.; Zhao, X.; Hirahara, K.; Suenaga, K.; Bandow, S.; Iijima, S. Arc Plasma Jet Method Producing Single-Wall Carbon
Nanotubes. Diam. Relat. Mater. 2001, 10, 1185–1189. [CrossRef]

19. El-Khatib, A.M.; Elsafi, M.; Sayyed, M.; Abbas, M.; El-Khatib, M. Impact of Micro and Nano Aluminium on the Efficiency of
Photon Detectors. Results Phys. 2021, 30, 104908. [CrossRef]

20. Albis, A.; Llanos, H.; Galeano, J.; García, D. Adsorción de Azul de Metileno Utilizando Cáscara de Yuca (Manihot Esculenta)
Modificada Químicamente con Ácido Oxálico. Rev. Ion 2018, 31, 99–110. [CrossRef]

21. Zhang, J.; Sun, L.; Liao, C.; Yan, C. A Simple Route towards Tubular ZnO. Chem. Commun. 2002, 262–263. [CrossRef] [PubMed]
22. Lanje, A.S.; Sharma, S.J.; Pode, R.B. Synthesis of silver nanoparticles: A safer alternative to conventional antimicrobial and

antibacterial agents. J. Chem. Pharm. Res. 2010, 2, 478–483.
23. Oh, W.C.; Zhang, F.J.; Chen, M.L. Characterization and Photodegradation Characteristics of Organic Dye for Pt-Titania Combined

Multi-Walled Carbon Nanotube Composite Catalysts. J. Ind. Eng. Chem. 2010, 16, 321–326. [CrossRef]
24. Yedurkar, S.; Maurya, C.; Mahanwar, P. Biosynthesis of Zinc Oxide Nanoparticles Using Ixora Coccinea Leaf Extract—A Green

Approach. Open J. Synth. Theory Appl. 2016, 5, 1–14. [CrossRef]
25. Rao, C.N.R. Chemical Applications of Infrared Spectroscopy; Academic Press: New York, NY, USA; London, UK, 1963; pp. 377–379.
26. Hwa, K.-Y.; Subramani, B. Synthesis of Zinc Oxide Nanoparticles on Graphene–Carbon Nanotube Hybrid for Glucose Biosensor

Applications. Biosens. Bioelectron. 2014, 62, 127–133. [CrossRef] [PubMed]
27. Dinh, N.X.; Van Quy, N.; Huy, T.Q.; Le, A.-T. Decoration of Silver Nanoparticles on Multiwalled Carbon Nanotubes: Antibacterial

Mechanism and Ultrastructural Analysis. J. Nanomater. 2015, 2015, 814379. [CrossRef]
28. Hamadanian, M.; Jabbari, V.; Shamshiri, M.; Asad, M.; Mutlay, I. Preparation of Novel Hetero-Nanostructures and High Efficient

Visible Light-Active Photocatalyst Using Incorporation of CNT as an Electron-Transfer Channel into the Support TiO2 and PbS. J.
Taiwan Inst. Chem. Eng. 2013, 44, 748–757. [CrossRef]

29. Yadav, S.; Asthana, A.; Singh, A.K.; Chakraborty, R.; Vidya, S.S.; Susan, A.B.H.; Carabineiro, S.A. Adsorption of Cationic Dyes,
Drugs and Metal from Aqueous Solutions Using a Polymer Composite of Magnetic/B-cyclodextrin/Activated Charcoal/Na
Alginate: Isotherm, Kinetics and Regeneration Studies. J. Hazard. Mater. 2020, 409, 124840. [CrossRef]

30. Ho, Y.S.; Mckay, G. The Kinetics of Sorption of Basic Dyes from Aqueous Solution by Sphagnum Moss Peat. Can. J. Chem. Eng.
1998, 76, 822–827. [CrossRef]

31. Low, M.J.D. Kinetics of Chemisorption of Gases on Solids. Chem. Rev. 1960, 60, 267–312. [CrossRef]
32. Kalavathy, M.H.; Karthikeyan, T.; Rajgopal, S.; Miranda, L.R. Kinetic and Isotherm Studies of Cu(II) Adsorption onto H3PO4-

Activated Rubber Wood Sawdust. J. Colloid Interface Sci. 2005, 292, 354–362. [CrossRef]
33. Weber, W.J., Jr.; Morriss, J.C. Kinetics of Adsorption on Carbon from Solution. J. Sanit. Eng. 1963, 89, 31–60.
34. Boyd, G.E.; Adamson, A.W.; Myers, L.S. The Exchange Adsorption of Ions from Aqueous Solutions by Organic Zeolites, II,

Kinetics. J. Amer. Chem. Soc. 1947, 69, 2836–2848. [CrossRef]
35. Rengaraj, S.; Yeon, J.-W.; Kim, Y.; Jung, Y.; Ha, Y.-K.; Kim, W.-H. Adsorption characteristics of Cu(II) onto Ion Exchange Resins

252H and 1500H: Kinetics, Isotherms and Error Analysis. J. Hazard. Mater. 2007, 143, 469–477. [CrossRef]
36. Freundlich, H.M. Over the Adsorption in Solution. Z. Phys Chem. 1906, 57, 385–470.
37. Temkin, M.I.; Pyzhev, V. Kinetics of Ammonia Synthesis on Promoted Iron Catalyst. Acta Physicochem. URSS 1940, 12, 217–222.
38. Hou, Y.; Abrams, B.L.; Vesborg, P.C.K.; Björketun, M.E.; Herbst, K.; Bech, L.; Setti, A.M.; Damsgaard, C.D.; Pedersen, T.;

Hansen, O.; et al. Bioinspired Molecular Co-Catalysts Bonded to a Silicon Photocathode for Solar Hydrogen Evolution. Nat.
Mater. 2011, 10, 434–438. [CrossRef] [PubMed]

39. Chen, Q.; Wu, Q. Preparation of Carbon Microspheres Decorated with Silver Nanoparticles and their Ability to Remove Dyes
from Aqueous Solution. J. Hazard. Mater. 2015, 283, 193–201. [CrossRef]

40. Jiang, L.; Gao, L. Fabrication and Characterization of ZnO-Coated Multi-Walled Carbon Nanotubes with Enhanced Photocatalytic
Activity. Mater. Chem. Phys. 2005, 91, 313–316. [CrossRef]

41. Wang, R.; Xin, J.H.; Yang, Y.; Liu, H.; Xu, L.; Hu, J. The Characteristics and Photocatalytic Activities of Silver Doped ZnO
Nanocrystallites. Appl. Surf. Sci. 2004, 227, 312–317. [CrossRef]

http://doi.org/10.1016/j.molliq.2015.02.007
http://doi.org/10.1080/19443994.2012.719355
http://doi.org/10.1080/02772248.2012.678999
http://doi.org/10.1007/s11051-005-5131-z
http://doi.org/10.1016/j.materresbull.2005.07.038
http://doi.org/10.1016/S0925-9635(00)00513-6
http://doi.org/10.1016/j.rinp.2021.104908
http://doi.org/10.18273/revion.v31n2-2018007
http://doi.org/10.1039/b108863g
http://www.ncbi.nlm.nih.gov/pubmed/12120395
http://doi.org/10.1016/j.jiec.2010.01.032
http://doi.org/10.4236/ojsta.2016.51001
http://doi.org/10.1016/j.bios.2014.06.023
http://www.ncbi.nlm.nih.gov/pubmed/24997365
http://doi.org/10.1155/2015/814379
http://doi.org/10.1016/j.jtice.2013.01.018
http://doi.org/10.1016/j.jhazmat.2020.124840
http://doi.org/10.1002/cjce.5450760419
http://doi.org/10.1021/cr60205a003
http://doi.org/10.1016/j.jcis.2005.05.087
http://doi.org/10.1021/ja01203a066
http://doi.org/10.1016/j.jhazmat.2006.09.064
http://doi.org/10.1038/nmat3008
http://www.ncbi.nlm.nih.gov/pubmed/21516095
http://doi.org/10.1016/j.jhazmat.2014.09.024
http://doi.org/10.1016/j.matchemphys.2004.11.028
http://doi.org/10.1016/j.apsusc.2003.12.012


Materials 2021, 14, 7205 15 of 15

42. Lv, T.; Pan, L.; Liu, X.; Sun, Z. Enhanced Photocatalytic Degradation of Methylene Blue by ZnO–Reduced Graphene Oxide–Carbon
Nanotube Composites Synthesized Via Microwave-Assisted Reaction. Catal. Sci. Technol. 2012, 2, 2297–2301. [CrossRef]

43. Selen, V.; Göler, Ö.; Özer, D.; Evin, E. Synthesized Multi-Walledcarbon Nanotubes as a Potential Adsorbent for the Removal of
Methylene Blue Dye: Kinetics, Isotherms, and Thermodynamics. Desalination Water Treat 2016, 57, 8826–8838. [CrossRef]

44. Shi, H.; Li, W.; Zhong, L.; Xu, C. Methylene Blue Adsorption from Aqueous Solution by Magnetic Cellulose/Graphene Oxide
Composite: Equilibrium, Kinetics, and Thermodynamics. Ind. Eng. Chem. Res. 2014, 53, 1108–1118. [CrossRef]

45. Abdel Ghafar, H.H.; Ali, G.A.M.; Fouad, O.A.; Makhlouf, S.A. Enhancement of Adsorption Efficiency of Methylene Blue on
Co3O4/SiO2 Nanocomposite. Desalin. Water Treat. 2015, 53, 2980–2989. [CrossRef]

46. Xie, G.; Xi, P.; Liu, H.; Chen, F.; Huang, L.; Shi, Y.; Hou, F.; Zeng, Z.; Shao, C.; Wang, J. A Facile Chemical Method to Produce
Superparamagnetic Graphene Oxide–Fe3O4hybrid Composite and its Application in the Removal of Dyes from Aqueous Solution.
J. Mater. Chem. 2011, 22, 1033–1039. [CrossRef]

47. Lakkaboyana, S.; Soontarapa, K.; Asmel, N.; Kumar, V.; Marella, R.K.; Yuzir, A.; Yaacob, W.Z.W. Synthesis and Characterization of
Cu(OH)2-Nws-PVA-AC Nano Composite and its Use as an Efficient Adsorbent for Removal of Methylene Blue. Sci. Rep. 2021,
11, 5686. [CrossRef] [PubMed]

48. Yao, Y.; Xu, F.; Chen, M.; Xu, Z.; Zhu, Z. Adsorption Behavior of Methylene Blue on Carbon Nanotubes. Bioresour. Technol. 2010,
101, 3040–3046. [CrossRef] [PubMed]

49. Ayad, M.M.; El-Nasr, A.A. Adsorption of Cationic Dye (Methylene Blue) from Water Using Polyaniline Nanotubes Base. J. Phys.
Chem. C 2010, 114, 14377–14383. [CrossRef]

50. Xiong, L.; Yang, Y.; Mai, J.; Sun, W.; Zhang, C.; Wei, D.; Chen, Q.; Ni, J. Adsorption Behavior of Methylene Blue onto Titanate
Nanotubes. Chem. Eng. J. 2010, 156, 313–320. [CrossRef]

51. Ai, L.; Jiang, J. Removal of Methylene Blue from Aqueous Solution with Self-Assembled Cylindrical Graphene–Carbon Nanotube
Hybrid. Chem. Eng. J. 2012, 192, 156–163. [CrossRef]

52. Kubra, K.T.; Salman, S.; Hasan, N. Enhanced Toxic Dye Removal from Wastewater Using Biodegradable Polymeric Natural
Adsorbent. J. Mol. Liq. 2021, 328, 115468. [CrossRef]

http://doi.org/10.1039/c2cy20023f
http://doi.org/10.1080/19443994.2015.1025851
http://doi.org/10.1021/ie4027154
http://doi.org/10.1080/19443994.2013.871343
http://doi.org/10.1039/C1JM13433G
http://doi.org/10.1038/s41598-021-84797-3
http://www.ncbi.nlm.nih.gov/pubmed/33707529
http://doi.org/10.1016/j.biortech.2009.12.042
http://www.ncbi.nlm.nih.gov/pubmed/20060712
http://doi.org/10.1021/jp103780w
http://doi.org/10.1016/j.cej.2009.10.023
http://doi.org/10.1016/j.cej.2012.03.056
http://doi.org/10.1016/j.molliq.2021.115468

	Introduction 
	Materials and Methods 
	Materials Procured 
	Experimental Setup of Methodology 
	Preparation of Zn-Ag MWCNT 
	Characterization 
	Adsorption Experiments of MB Dye 

	Results and Discussions 
	Characterization of Synthesized Zn-Ag MWCNT 
	Water Decontamination Results 
	Calibration of the Spectrophotometer Results 
	Impact of Contact Time 
	Impact of Initial Dye Concentration 
	The Effect of Adsorbent Dosage 
	Effect of pH 

	Kinetics Aspects 
	Isotherm Investigation 

	Conclusions 
	References

