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ABSTRACT: In this study, copper nanoparticles (Cu-NPs) were synthesized through green and
economic techniques. The Centaurea cyanus plant extract was used as an appropriate reducing and
stabilizing agent in this process. The synthesized nanoparticles were characterized by Fourier-Transform
InfraRed (FT-IR) spectroscopy, X-Ray powder Diffraction (XRD), Field Emission Scanning Electron
Microscopy (FESEM), Transmission Electron Microscopy (TEM), and N adsorption porosimetry
analysis. The analysis showed that the average size of spherical nanoparticles was around 11.9 nm,
with 74.2 m?/g and 0.36 cm3/g mane surface area and pore size, respectively. Then, Cu-NPs were studied
as a low-cost adsorbent to remove Methylene Blue (MB) dye from aqueous solutions. For this purpose,
Central Composite Design (CCD) under the Response Surface Methodology (RSM) was applied to design
the experiments, model the data, and optimize the operating conditions. The effect of various operating
parameters such as pH, MB initial concentration, adsorbent amount, and contact time on the MB removal
was practiced. Analysis of variance (ANOVA) showed a good agreement between the experimental data
and the predicted ones obtained from the quadratic model. The optimum conditions for MB removal
(63.20 %) were found at pH of 6.6, MB initial concentration of 30 mg/L, adsorbent amount of 0.15 g,
and time of 101.5 min. The results showed that the Langmuir isotherm with a maximum adoption capacity
of 21.9 mg/g and pseudo-second-order kinetic models with a rate constant of 0.359 (g/mg) (1/min) can
properly legitimize the experimental data.
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INTRODUCTION

Copper nanoparticles (Cu-NPs) have been proposed such as medical, electronics, biotechnological and
as a suitable substitute for the expensive nanomaterials environmental ones [1]. There are various physical and
such as gold and silver to be used in the various industries chemical techniques for nanoparticle production [1-3].
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Fig. 1: Schematic mechanism of the green synthesis of metal nanoparticles production stages.

According to the environmental protocols, there are several
limitations to toxic and hazardous chemicals. Therefore,
some non-toxic, biological, and green methods are encouraged
for this purpose [2-5]. The copper nanoparticles have widely
been synthesized based on the recent techniques [6-8].
According to the literature, there are numerous reports on
the herbal extracts which were used as the reducing and
stabilizing agents. Fig. 1 briefly proposes a mechanism for
the green synthesis of metal nanoparticles [9].

As Fig. 1 shows, the process involves three stages.
In the first stage, the metal ions are transferred from their
higher oxidation states to zero-valent metallic by acting
plant metabolites (as green reducing agents), after nucleating
the reduced metal atoms. In the second stage, metal atoms
are collected to form metal nanoparticles while further
biological reduction of metal ions occurred. The third stage
in this method is the termination phase in nanoparticles.
They finally found a stable morphology and were capped
by plant metabolites. These steps have attributed to the reduction
of metal ion oxidation states which leads to a change in the
color of the solution media as the first indication of the
synthesis of nanoparticles [10-14]. The reaction is fast and
generally completed within a few minutes [15].
Optimization of this process is the main problem due to
controlling nanoparticles' shape and size. It has usually been
observed that temperature and pH control the reaction rate,
growth process, and size of metal nanoparticles [16]. Some
hypotheses have been proposed for the green synthesis of
metal nanoparticles using plant extracts. However, the metal
nanoparticles formation mechanism is not yet known but,

it is still needed. The most acceptable mechanism is given
in Fig. 2, which has also been reported by the other
researchers. In this mechanism, the divalent copper ions
[Cu(IT) metal ion examined in this study] are reduced to zero-
valent metallic copper Cu(0) or Cu-NPs by quercetin as a
polyphenolic compound in the extract of some plants [9, 17].

In fact, electrons of functional groups (such as carbonyl
from C ring in the Redox system) are able to transfer to the
free orbital of copper ions and reduce them to zero metallic
copper. The stabilization of the synthesis of copper
particles is achieved via complexation with carbonyl
(C=0) groups formed by the oxidation of hydroxide (OH)
groups from the phenolic ring [9, 18, 19].

Since Centaurea cyanus plant is an agricultural waste
that is abundantly found in Iran and a lot of countries, the
polyphenolic compounds in its extract of it [such as
flavonoids (e.g. anthocyaninis), phenyl carboxylic acids,
derivatives of some compounds containing quercetin (e.g.
quercetin-7-O-glucoside) and etc.] can naturally reduce
metal ions during the nanoparticles production.

A lot of industries such as textile, leather, paper, and
plastic produce colored hazardous wastewaters which
threaten human health [22, 23]. There are several methods
for removing pollutants from wastewaters. Most of them
are based on coagulation, freezing, reverse osmosis, active
sludge, bacterial function, membrane filtration, ion
exchange, oxidation, photocatalytic degradation, ultrafiltration,
adsorption, and precipitation and chemical processes [24-26].
The adsorption process (especially with nanoparticles) is a simple
and economical technique for treating wastewaters [27].
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Fig. 2: Schematic of green synthesis of Cu-NPs using quercetin as a polyphenolic compound of Centaurea cyanus plant extract.

Nasrollahzadeh et al. (2019) studied the green synthesis
of nanoparticles with various plant extracts for multifunctional
applications such as antibacterial and catalytic ones
although they (and the other researchers) have never
applied it as a dye adsorbent from wastewater [9].

In this reach, Cu-NPs were synthesized by Centaurea
cyanus plant extract and then characterized by various
techniques such as UltraViolet-Visible  (UV-Vis)
spectroscopy, X-Ray Diffraction (XRD), Fourier
Transmission InfraRed (FT-IR) and Transmission Electron
Microscopy (TEM). Furthermore, Methylene Blue (MB)
as a cationic dye was adsorbed by the synthesized Cu-NPs
from an aqueous solution (as the main novelty of this
research). This process was initially designed by Design of
Experiments (DoE) software. Various parameters such as
pH, adsorbent amount (g), MB concentration (mg/L), and
time (min) effects were statistically and experimentally
considered in this process and optimized. In addition,
kinetics and equilibrium isotherms were investigated to
understand the MB adsorption by Cu-NPs.

EXPERIMENTAL SECTION

Copper sulfate pentahydrate salt (CuSO4.5H20), sodium
hydroxide (NaOH), hydrochloric acid (HCI), and methylene
blue were purchased from a Merck local supplier.

The Centaurea cyanus plants were purchased from
a local grocery and washed several times with distilled
water. Then, they were dried under ambient conditions and
powdered. Five g of this was boiled with 100 mL of
distilled water at 70 °C for 50 min. The extraction was
mildly carried out under ambient conditions [28]. The extract
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was passed through Whatman filter paper to remove coarse
and suspended particles. The filtered solution was stored
in a dark sample jar.

In order to synthesize Cu-NPs, 20 mL of a 0.1 M
solution of CuSO..5H,0 was transferred to a 100 mL
beaker. Then, 20 mL of the extract was dropwise added to
20 mL of the copper sulfate pentahydrate solution.

The color of the solution quickly changed due to
copper nanoparticle formation. Then, the nanoparticles
were separated from the solution by a laboratory centrifuge
(brand: Kaida China, model: TD4K with a maximum speed
of 4000 rpm). The nanoparticles were collected and
washed with distilled water to remove non-reactive
materials. Then, they were dried at ambient temperature.

For the copper nanoparticles formation verification,
spectrophotometric (UV-Vis, Shimadzu Japan) analysis
and FT-IR (Bruker alpha) were applied. Morphology and
size of copper nanoparticles were considered by XRD,
FESEM, and TEM devices. In addition, the Zeta Potential (ZP)
of Cu-NPs before and after the adsorption process
was determined by ZP analyzer (Malvern, UK).
Furthermore, the surface properties of synthesized Cu-NPs
(surface area, pore-volume, and pore size) were measured
by BET/BJH analyzer (Belsorp, Mini 11, Japan).

MB solution with a specific concentration was prepared.
The initial pH of MB solution was adjusted by NaOH or
HCI solutions. According to the experiment's design,
the synthetic Cu-NPs (as an adsorbent) were added to the
solution. The magnetic stirrer speed was fixed at 200 rpm
(without any vortex in the solution). The samples
were centrifuged when the time was found. Then,
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Fig.3: UV-Vis spectrum of Centaurea cyanus plant extract and
synthetic Cu-NPs

the samples were analyzed by UV-Vis spectrophotometer
in terms of MB concentration. The MB removal was
determined by the following equation:

CO t
MB Removal% = x100 (1)

Co

where, Co and C; are the initial and time-dependent
concentrations, respectively.

In this study, four independent variables including pH
(2-11), MB initial concentrations of (5- 200) mg/L, adsorbent
amount of (0.01-0.2) g, and contact time of (10-130) min
were introduced to the DoE software [29]. Thirty experiments
were designed by Design-Expert software (version: 11.0.3
Trial, Stat-Ease Inc., Minneapolis, MN, US) freely
downloaded from https://downloadly.ir/software/engineering-
specialized/design-expertsite [30]. The mathematical relation
between four independent variables and MB removal
(response) is shown by the following equation:

k k k
y:BO+ZBixi+ZBiixi2i+ Y Bx,+e 2
i=1 i=1 I<i<j
Where f is the constant coefficient. i, i, and Siare
the coefficients for the linear, quadratic, and interaction
effects, respectively. x; and x; are encoded levels for
independent variables. k is the number of independent
variables and ¢ is the random error.

RESULTS AND DISCUSSION
Nanoparticles preparation

The Centaurea cyanus plant extract was added
to the copper sulfate pentahydrate aqueous solution.
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Copper sulfate pentahydrate solution normally was blue.
It changed to green color by adding the extract.
Furthermore, it was darker in high concentrations of
copper sulfate pentahydrate [4, 5].

Furthermore, UV-Vis spectrophotometric analysis was
used to monitor the copper ions reduction to Cu-NPs in the
wavelength range of 300-750 nm for investigating
maximum adsorption. The maximum desorption was at
560 nm due to surface plasmon resonance which is related
to Cu-NPs [31]. Moreover, this peak was not observed
in the UV-Vis spectrum pattern prepared by Centaurea
cyanus plant extract as shown in Fig. 3.

The FT-IR spectrum was also used to find the possible
biomolecules which are responsible for capping and
stabilizing the Cu-NPs. Fig. 4 shows the FT-IR spectra of
Cu-NPs synthesized in the solution. The wavelengths
of 3302.65, 2926.42, 2856.45, 1640-1500, and 1114.75
1/cm respectively belong to OH, CH, CH,, C=0, and
COC functional groups, which all confirmed aromatic
compounds and derivations of these compounds
including polyphenols, terpenoids, proteins and other
organic compounds such as carboxylic acids in the
Centaurea cyanus extract that cover Cu-NPs, which
correspond with the earlier reports [32, 33]. Another
strong peak is observed within the range of 500-700 1/cm,
indicating aromatic compounds of alkanes [34]. The presence
of these bands indicates the flavonoids in the stabilization
of Cu-NPs. Similar results using the latex of C. procera
were reported in the literature [35]. This figure also
shows the FT-IR spectrum of copper sulfate pentahydrate
with strong peaks at 1153.8, 981.199, and 550-600 1/cm,
which is characterized by the binding of sulfur to oxygen
(S=0) in the Cu2S04.5H,0 salt as a control spectrum
[35]. This spectrum only is similar to green synthesized
Cu-NPs at 598.1 1/cm. XRD analysis is a very useful and
easy tool in identifying the structure of metallic
nano-powders [36]. As shown in Fig. 5, the values of 26
of 43.5°, 50.8°, and 74.6° related to the synthesized
Cu-NPs are very close to those of the JCPDS card number
04-0836 [4, 37]. This follows a pure pattern without any
contamination at the values of 20 (because 28.00°, 32.3°,
and 36.08° confirm CuO, Cu0, and Cu,O presence,
respectively) [38, 39]. The crystallite size of synthesized
metallic Cu-NPs in this study was calculated in the range
of 10.8-13.3 nm. It indicates that the Cu-NPs size is
very small.
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Fig. 4: Fourier-transform infrared spectroscopy analysis
(a) synthetic Cu-NPs, (b) Centaurea cyanus plant extract
and (c) Cu2S04.5H0.

The XRD device used in this research was equipped
with a chrome lamp. Its outputs were analyzed by High
Score software however the other data were measured by
the Debye-Scherrer equation [equation (3)].
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Fig. 5: X-ray powder diffraction pattern of synthetic Cu-NPs.

In this equation, D is the copper crystallite size, 4 is
the wavelength of the chrome lamp as the X-ray irradiation
source 0.229 nm in XRD, K is a Scherrer constant with
a value within 0.89, g (radian) is full width at half
maximum intensity of diffraction peak and & (degree) is
the Bragg angle, which the values of each in this study f
or Cu-NPs are given in Table 1. For example, the average
crystallite size of the Cu-NPs for strong and sharp peaks
located at 26 of 43.5 was determined 10.8 nm by
the following calculations:

D=0.891/p Cos 6,

A= 0.229 nm, 20 = 43.5 degree, 6 = 43.5/2 = 21.75
degree, Cos 6 = 0.929 degree

 =0.01680 radian

D = (0.89) x (0.229 nm)/(0.01680) x (0.929) = 13.05

nm~13.0 nm

Furthermore, the morphology and characteristics of
the surface and size of synthetic Cu-NPs were examined
by FESEM and TEM [Fig. 6 (a & b)]. According to
FESEM analysis, particle size between 9-25 nm was found.
The TEM analysis showed that the synthetic nanoparticles
were in a spherical shape. According to the literature,
the average size of the synthesized nanoparticles was11.9 nm
(which agrees with the current research) although bigger
nanoparticles than it can be found, as well [40]. This is due
to varying the operating conditions such as pH, materials,
or/and biomolecules concentration which affect the size of
the nanoparticles. In addition, the size distribution was
as a histogram inset image [Fig. 6 (b)].

In addition, the results of N2 adsorption-desorption
porosimetry by the Brunauer-Emmett-Teller (BET)
analyzer showed that the surface properties of green synthesized
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Table 1: XRD analyses of green synthesized Cu-NPs.

N

4 Peak 20 (degree) B (radian) hk1(planes) D (nhm) I
1 435 0.01680 111 13.0
2 50.8 0.02093 200 10.8
N 3 74.6 0.02018 220 113 )
4 N\

Fig. 6: a) Field Emission Scanning Electron Microscopy image and b) Transmission Electron Microscopy photo of Cu-NPs.

Cu-NPs including mean surface area, mean pore volume,
and mean pore size are 74.2 m?/g, 0.36 cm®/g, and 19.3 nm,
respectively.

Analysis of variance (ANOVA) consideration

According to Table 2, the effects of four independent
variables including adsorbent amount (g), pH, MB
concentration (mg/L), and time (min) on the MB removal
were considered. Analysis of variance (ANOVA)
statistically shows significant variables and the effects of
their interactions on the response. According to this
analysis, F and P values use to evaluate the suggested
model. If the F-value for a fitted model is a high amount
and the P-value is less than 0.05, the proposed model will
be acceptable [41]. According to the approximation of
“lack-of-fit” a modified quadratic expression can properly
show a relationship between the variables [Eq. (4)]:

MB removal% = —-2.16183+336.90398A—-  (4)
0.856843B+0.452638C—-0.269633D +

6.62005AD—-2.00980AD-0.002376C°+0.001524D7

Where, A, B, C, and D are adsorption amount (g), pH,
time (min), and MB initial concentration (mg/L),
respectively.

According to the ANOVA (Table 3), most of the
factors are significant except pH, interactions of adsorbent

amount with pH, adsorbent amount with time, pH with
time, the square of adsorbent amount, and pH which are
ignorable. The statistical criteria of the modified model
showed a value of 0.966 for the coefficient of
determination. It implies that 96.6 % of data variations
were considered. Adj-R? value (0.934) was very close to
the corresponding R? value. Moreover, Pred-R? (0.821)
was in reasonable agreement with the Adj-R?. The F and P
values respectively were at 30.30 and 0.0001 which
implies that the model is a satisfactory one. Furthermore,
the lack-of-fit (3.57) implies that it does not significantly
depend on the Pure Error.

The zeta potential of Cu-NPs was measured in the
experimental pH range of 2-11 before the adsorption process.
It was found that surface charge is positive at low pHs
(ZP value was around 17 mV) and remains constant at
higher pHs. Its reason is due to the electrostatic interactions
between negative charges of adsorbent and positive charges
of MB dye. It was also observed that ZP value did not
significantly change after the adsorption process and
remained almost constant. Since the ZP was at 17 mV and
remained constant over a period, it confirmed the stability
of Cu-NPs. This is due to being biomolecules (as a
stabilizing agent) in the extract. Furthermore, the ZP
shows the surface charge of particles. The surface charge
of particles increases when the ZP increases. In fact,
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Table 2: Independent variables and their response on methylene blue removal percentage.

T e | MBcomeriain )
Observed Predicted
1 0.057 95 40 53.75 4.60 7.09
2 0.153 45 100 53.75 58.95 57.19
3 0.105 7 70 200.00 19.51 22.70
4 0.057 95 40 151.25 7.40 9.98
5 0.105 7 70 102.50 21.65 22.08
6 0.153 45 100 151.25 28.70 26.10
7 0.057 95 100 53.75 9.51 12.50
8 0.105 2 70 102.50 20.24 21.73
9 0.105 7 70 102.50 23.45 22.05
10 0.105 7 130 102.50 23.70 19.76
1 0.153 95 100 151.25 27.54 29.30
12 0.105 7 70 102.50 18.31 22.07
13 0.200 7 70 102.50 45.01 48.62
14 0.105 7 10 102.50 473 8.02
15 0.153 95 40 151.25 28.70 24.80
16 0.057 45 40 151.25 10.84 7.69
17 0.153 45 40 151.25 22.00 19.84
18 0.153 45 40 53.75 41.21 42.67
19 0.105 7 70 5.00 55.06 51.09
20 0.105 7 70 102.50 22.60 22.07
21 0.057 45 40 53.75 14.72 11.09
22 0.057 45 100 151.25 3.60 6.68
23 0.057 45 100 53.75 15.50 19.20
24 0.153 95 40 53.75 4276 40.43
25 0.153 95 100 53.75 50.21 53.17
26 0.105 7 70 102.50 23.48 22.07
27 0.010 7 70 102.50 0.36 0.02
28 0.105 7 70 102.50 25.48 22.07
29 0.105 12 70 102.50 22.12 20.02
\_ 30 0.057 95 100 151.25 8.86 721 )
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Table 3: Analysis of variance for the response quadratic model.

f Source Sum of squares Efgggggf sz/luzigs F-value P-value \
Model 6619.51 14 472.82 30.30 <0.0001 significant
A-ad 4116.37 1 4116.37 263.76 <0.0001
B-pH 6.23 1 6.23 0.3991 0.5371
C-time 195.77 1 195.77 12.54 0.0030
D-con 1114.08 1 1114.08 77.79 <0.0001
AC 59.52 1 59.52 3.81 0.0478
AD 328.89 1 328.89 21.07 0.0004
C2 125.43 1 125.43 8.04 0.0125
D2 359.6 1 359.6 23.04 0.0002
Residual 234.10 15 15.61
Lack of Fit 205.33 10 20.53 3.57 0.0847 not significant
Pure Error 28.77 5 5.75
K Cor. Total 6853.61 29 /

R? =0.966, Adj-R? = 0.934, Pred-R?*= 0.821

the ZP influences the particle stability in suspension
through the electrostatic repulsion between particles.

Process optimization

The optimum conditions for the predicted data were found
using DoE software. The process optimization was performed
based on the desirability function [41, 42]. The main
objective of this study was to maximize the MB removal
by recalculating all responsible factors by the desirability
function. Table 2 lists some parameters used for the
optimization process. The upper and lower limits of all
parameters and the model response were obtained from the
CCD levels. Therefore, the software predicted 66.58%. of
MB removal for the optimized conditions as adsorbent
amount of 0.15(g), MB initial concentration of 30 (mg/L),
pH of 6.6, and time of 101.5 (min). These conditions were
experimentally prepared and the MB removal percentage
was experimentally obtained at 63.20%. However some
conditions such as the adsorbent amount of 0.15 (g), MB
initial concentration of 53.75 (mg/L), pH of 4.5, and time
of 100 (min) (Table 2, second row) were reported for 55%
of the predicted and 53% of observed MB removal
percentage but, they cannot be as optimum conditions
because the variables effects and their interactions have
not carefully been considered.

Adsorption Kinetics

Several kinetic models were applied to examine the
experimental data to find which process stage can control
the process [43-45]. For this purpose, three kinetic models
including pseudo-first-order, pseudo-second-order, and
intramolecular diffusion were applied. As shown in Table
4, all necessary equations were extracted from literature
and calculated data were then illustrated [46, 47].
The pseudo-second-order kinetic model could properly
legitimize (with a high R?) this process. This confirms that
the rate-limiting step in this process is the chemical
interactions between Cu-NPs surface and MB molecules
(chemisorption).

Fig. 7 shows the experimental and predicted data using
various kinetic models at ambient temperature and MB
initial concentration of 30 mg/L. As shown in this figure,
all data were properly predicted by the pseudo-second-
order model.

Adsorption isotherms

The equilibrium data were examined using several
isotherm models such as Langmuir, Freundlich, and
Temkin ones. In fact, adsorption isotherm is studied
by shaking solutions with various MB initial concentrations
(5-200 mg/L) at optimum conditions. As shown in Table 5,
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Table 4: Various kinetic models and their data for MB adsorption (pH of 6.6, Cu-NPs amount of 0.15 g and time of 101.5 min).

4 MB Concentration (mg/L) )
Model Parameters
10 20 30
ki (1/min) 0.029 0.032 0.327
Pseudo-first order kinetic
. (calc.): (mg/ 9.475 14.488 21.014
log (d-a) = log (a) - k:t/2.303 e (calc.): (mg/g)
R? 0.895 0.898 0.904
k, (g/mg) (1/min) 0.248 0.360 0.359
Pseudo-second order kinetic .
(W) = U(koe?) + UG Qe (calc.): (mg/qg) 12.446 25.060 36.230
R? 0.989 0.996 0.996
Kairr (Mg/g 1/min*2) 0.848 2.362 3.411
Intramolecular diffusion
0 = Kt 124+ C C (mg/g) -1.596 5.583 8.023
2
\_ R 0.837 0.786 0.788 Y,
401 e
------------------------- . 25 1
35 ."';,/C'
2SS
30 20 1
|
— 25 {1 —
g # = 15 4 i ® Experimental
S 20 # Experimental g . —Langmuir
et - - - Intraparticle diffusion ~ - —Freundlich
o 15 —— Pseudo-second order cm- 10 = Temkin
- — Pseudo-first order
10
5 ]
5
0 0 . . . . .
0 20 40 60 80 100 120 0 35 75 115 155 175 200
Time (min)

Fig. 7: Various kinetic models for the adsorption of MB onto
Cu-NPs under the optimum condition: pH of 6.6, Cu-NPs
amount of 0.15 g, and MB initial concentration of 30 mg/L.

all equations in linear forms were extracted from
the literature and calculated data were then illustrated [48, 49].
According to R? values, necessary Langmuir, Freundlich,
and Temkin isotherm models could respectively be fitted
on the data. This confirms that the MB adsorption process
on Cu-NPs is a monolayer one. In fact, The Langmuir
model with a maximum adsorption capacity of 21.9 mg/g
using Cu-NPs (0.15 g) can fantastically legitimize this process
although, the Freundlich model can eligibility legitimize it,
as well. The experimental data and corresponding calculated
ones by various adsorption models are shown in Fig. 8.

Comparison with the other studies

According to the literature, a good removal was obtained
through the adsorption process by Cu-NPs at the

Research Article

C. (mg/L)

Fig. 8: The equilibrium adsorption isotherms for adsorption of
MB using Cu-NPs under optimum conditions: pH of 6.6, Cu-
NPs amount of 0.15 g, and time of 101.5 min.

optimum conditions because some references with
the other adsorbents reported 10.55%, 9.81%, 10.82%,
30.70%, and 34.50% for MB removal, respectively [50, 51].
Furthermore, a reference only reported 71.43%
for MB removal [52]. It is concluded that the activated
carbon from the sludge of the food processing industry
under a controlled pyrolysis process with ZnCl, as
an activating agent can only remove MB more than that
of the current research. Also, the performance of green
synthesized Cu-NPs was compared with the other
adsorbents as summarized in Table 6. As shown in this
table, the middle adsorption of MB on Cu-NPs can be
carried out by green and economic technique
for nanoparticle preparation as illustrated in this
research.
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Table 5: Various isotherm models equations for MB adsorption and their parameters: pH of 6.6, MB concentration rang of
5-200 mg/g and time of 101.5 min.

4 I
Cu-NPs amount (g)
Isotherm Parameters 015 02
Langmuir Qm (Ma/g) 21.860 27.397
1/ge= 1/(KsQm Ce)*+1/Qn Ka (L/mg) 0.013 0.009
R? 0.999 0.996
R 0.433-0.792 0.514-0.841
Freundlich n 1.387 1.304
ge=InKg + (1/n) In Ce Kr (mg/g) (L/mg)¥" 0.494 0.429
R? 0.995 0.986
Temkin A (1/g) 0.201 0.168
ge=(RT/b7)In(AC,) br(I/mol) 523.759 613.448
\ R? 0.9880 0.9930 J
Table 6: MB removal Comparison by various adsorbents.
/ Adsorbent Size(nm) Shape Operating conditions Qm(mg/g) RE(%) Ref. \
pH=6.1
[MB)]=50 mg/L
Biochar/iron oxide 29 Amorphous [adsorbent]=10 mg/L 862.0 95.1 [53]
t=12 h
T=:293 K
pH=6
[MB)]=25 mg/L
Cu-NPs 14.2 Spherical [adsorbent]=25 mg/L 64.0 34.0 [54]
t=80 min
T=295K
pH= 10
[MB]=20 mg/L
ZnONPs-PWAC 22-35 Spherical [adsorbent]=50mg/L - 99.0 [55]
t=3h
T=-
pH=7
[MB)]=150 mg/L
Fe;0,@ABDA 12 Spherical [adsorbent]=50 mg/L 1235 925 [56]
t=180 min
T=298 K
pH=8
[MB)]=90 mg/L
Si/Cu 8 Amorphous [adsorbent]=750 mg/L 82.3 93.8 [57]
t=60 min
T:298 k
pH=8
[MB)]=100 mg/L
Magnetized [adsorbent]=1000 mg/L
Tectonagrandis sawdust ) ) t=60 min 1724 %08 [58]
T=308 K
pH=7.3
[MB)]=19.4 mg/L
CS-MgONP [adsorbent]=470 mg/L 163.9 94.5 [59]
t=60 min
T=310K
pH= 6.6
[MB)]=30 mg/L
Cu-NPs 11.9 Spherical [adsorbent]=150 mg/L 21.9 63.2 Current study
t=101.5 min
K T=298 K /
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CONCLUSIONS

In the study, Cu-NPs were prepared with a green
and economic technique. The nanoparticles were spherical
and had an average crystallite size of ~11.9 nm. The ZP,
mean surface area and pore volume of the prepared
nanoparticles were determined as 17 mV, 74.2 m?/g, and
0.36 cm?/g, respectively. CCD was applied to study four
independent variables (such as pH, adsorption amount,
time, and MB initial concentration) effects on MB
removal. A quadratic expression with R? value of 0.966
was found to show a relationship between the variables. The
results of (ANOVA) analysis indicated that adsorbent
amounts can dramatically increase MB removal compared
with the other variables. The MB removal of 63.20 %
was obtained at pH of 6.6, MB initial concentration of
30mg/L, Cu-NPs amount of 0.15 g, and time of 101.5 min
as optimum conditions. Furthermore, a pseudo-second-order
model with a rate constant of 0.359 (g/mg) (1/min) could
properly model this process kinetics under the optimum
condition. Moreover, the Langmuir equation with a maximum
adsorption capacity of 21.9 mg/g was isothermally able to
model this process, as well.
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