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A B S T R A C T

Copper nanoparticles have obtained due to the green process in a one-pot reaction at ambient temperature using
Malva Sylvesteris leaves extract. The plant extract has used as a reducing and capping agent, providing stability and
avoiding oxidation of synthesized copper nanoparticles for more than eight months. Many techniques have
exploited for the investigation of optical and physicochemical properties of copper nanoparticles. UV-VIS spec-
troscopy showed two bands at different locations for the extract and nanoparticles at 340 and 390 nm, respec-
tively. Fourier transform infrared spectroscopy confirmed the role of bioactive materials in the plant extract as a
reducing and capping agent. X-ray diffraction tool affirmed the crystalline nature of fabricated copper nano-
particles at average (20 nm) and showed a centred cubic structure. Field emission scanning electron microscope
(FESEM) chart illustrated the roughly spherical shape of distributed copper nanoparticles. The copper nano-
particles showed high-efficiency removal of methylene blue dye in water samples.
1. Introduction

Population growth and rising demand for drinking water worldwide
attract scientists and researchers to find a rapid solution to these chal-
lenges. Recently, water pollution becomes one of the most global issues
due to the rising of pollutant resources everywhere [1]. Many contami-
nants, such as toxic dyes [2], oil derivatives, pesticides, herbicides [3],
heavy metals, and plastics, affect water quality due to undegradable by
microorganisms (bacteria and fungi) [4]. Dyes and tinctures have
extensive utilization in the industrial process, such as pharmaceutical
[5], foodstuff [6], cosmetic [7], plastics [8], and papers [9]. The broad
usage of dyes led to countless environmental issues such as soil and water
contamination and poisoning beneficial organisms in the aquatic system
[10,11]. Scientists' efforts have been directed to minimize these issues by
developing efficient methods for water remediation and decreasing
pollutants. Numerous techniques have been used for water treatment
involved chemical oxidation, adsorption, chemical precip-
itation/coagulation, ion exchange, and chemical precipitation. Most of
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them observed many drawbacks, such as requiring high temperatures,
using harmful chemicals, time-consuming, and high costing [12].
Nanotechnology holds considerable promise to provide the best feasible
methods to treat water pollution due to its remarkable properties and
high efficiency [13]. Recently, nanomaterial substances have been
exploited for solving the current water problems using nano sorbent [14,
15], bioactive nanoparticles [16], nanocatalyst [17], and nanofiber [18].
Nanomaterials possess different behaviour than bulk materials because
of high surface area to volume and a broad range of physicochemical
properties [19]. It considered a unique implement for separation and
active media for water purification [20]. Many approaches have been
invented to fabricate nanomaterials, for instance, chemical vapour
deposition, colloidal dispersion, sol gel, hydrothermal route, and
microemulsion. Although these methods produce distinctive nano-
materials, it suffers from solvents-consuming, high costing, and envi-
ronmentally harmful [21]. Therefore, developing an alternative
approach was highly recommended, such as the green synthesis of
nanoparticles. The plant extract has attracted scientists’ attention due to
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its possessing many bioactive compounds, which used as the best alter-
native to conventional nanomaterial production processes [22]. Malva
sylvestris, commonly known as mallow is a famous plant in the medicinal
field. It contains active biochemical compositions, such as anthocyanins,
leucoanthocyanins, flavonoid glycosides, polysaccharides mucilaginous,
and polyphenol [23]. Bioactive components of plant considered as green
capping and reducing agents. However, it was used to reduce metallic
ions and the synthesis of metallic nanoparticles [24]. Among all noble
metals, copper has an attractive feature due to its availability, low cost,
unique catalytic properties [25]. Copper nanostructure saw vast appli-
cations, such as catalyst [26], antibacterial agent [27], anti-cancer [28],
sensor [29], and adsorbent [30]. Many studies have conducted the
fabrication of metal nanoparticles and evaluate their capacity as an
adsorbent catalyst for removing toxic dyes. For instance, Joshi et al. [31]
prepared a Fe3O4@AC nanoparticles for dye removal from simulated
wastewater, while Kale et al. [32] synthesized a NiNPs by polyvinyl
pyrrolidone (PVP) as NPs stabilizer, whilst Sharma et al. [33] prepared
FeNPs immobilized by Agrobacterium fabrum biomass as biosorbent for
removal of MB dye from aqueous solution, whereas Afkhami et al. [34]
prepared maghemite nanoparticles as adsorptive material for removal of
Congo red as carcinogenic dye for textile from aqueous solutions. Most of
the mentioned methods observed of long time adsorption, using complex
apparatus, high consuming of some toxic surfactant, and required high
pH solution. So, the previous dilemmas were tackled by preparing green
nanoparticles catalysts exploiting the biological components including
plants as sustainable, environmentally friendly source as an active cata-
lyst for removing of dyes with higher efficiency and effectiveness than
previous counterparts [35].

This study aims to synthesise copper nanoparticles in a one-pot pro-
cess. a green and eco-friendly approach without adding any harmful
chemicals, undesirable solvents, and surfactant has been employed to
fabricate copper nanoparticles.Malva Sylvesteris leaf extract (MSLE) used
as a reducing and stabilizing agent to control the shape and size of Cu-
NPs. According to the standard JCPDS (No. 48-1548) data, Spectrum
techniques confirmed the shape and diameter of formed nanoparticles.
MCuNPs observed high removal efficiency of methylene blue dye in an
aqueous solution and in a short time.

2. Materials and methods

A healthy green Malva Sylvesteris Leaves were collected from the
Charboot village-Zeebar area/Duhok-Kurdistan region of Iraq during the
month of April 2020. Copper (II) sulfate anhydrase (CuSO4 99.5% purity,
M.wt ¼ 159.6086 g/mol, CAS number: 7758-99-8) and Methylene blue
dye (C16H18ClN3S, M.wt ¼ 319,86 g/mol, CAS number [61�73�4]) was
purchased from Scharlau lab Spanish Co. without further treatment.

2.1. Preparation of Malva Sylvesteris leaves extract (MSLE)

Malva Sylvesteris leaves were collected and washed in distilled water
for 5 min then dried in the sunlight for 24 h. The dry leaves (10 g) were
crushed in the mortar to a fine powder and dissolved in 100 ml deionized
water in a conical flask 250 ml, then heated at 60 �C for 1 h. Next, the
mixture solution was filtered by a filter paper three times to remove
insoluble fractions and macromolecules to obtain a slight brown solution
of MSLE. The filtrate solution of MSLE was stored in the refrigerator 2 �C
to be used in the next step as a reducing, capping, and stabilizing agent
for synthesizing copper nanoparticles.

2.2. Green fabrication of copper nanoparticles (MCuNPs)

Green fabrication of copper nanoparticles (MCuNPs) was performed
in one pot by mixing 25 ml of prepared copper sulfate anhydrous solution
(0.1 M) with 75 ml of MSLE in the conical flask of 250 ml stirring for 2 h.
After that, a green suspension is reported, indicating the formation of
MCuNPs. Next, the suspension centrifuged at 4000 rpm for 5 min to get
2

nano precipitate, then collected and washed several times with distilled
water and left over 24 h to dry. The excess of obtained green suspension
was stored at room temperature for different period times to study
nanoparticles stability [36].

2.3. pH at point of zero charge

The pH point of zero charge (pHpzc) was determined according to the
previously reported procedure [37]. A weighed amount (0.1 g) of
MCuNPs was added to 50 ml of 0.1 M NaCl with predetermined pH in a
250-ml conical flask. The resultant solution's pH was adjusted between
pH 2 and 10 with either 0.1 M NaOH or HCl. The conical flasks were
sealed and shaken in an orbital shaker for 24 h, after which the final pH
values were measured. The difference between the initial and final pH
was calculated and plotted against the initial pH. pHpzc was obtained
from the point of intersection with the pH axis.

2.4. Characterization techniques

The wavelength of the stabilized color of MCuNPs was measured via
Ultra Violet-Visible (UV–Vis) spectrophotometer (Mod.220v -JENESA
752 N, Iraq) scanning 320–750 nm. The oxidation state of the elements
compositions was analyzed using AXIS ULTA-AXIS 165 X-ray Photo-
electron Spectrometer (XPS). The possible biofunctional groups of MSLE
components and MCuNPs precipitate were characterized by Fourier
transform infrared (FT-IR) spectroscopy (Nicolet 6700, ATR, Iran) in the
scanning range 4000–500 cm�1 with a resolution at 4 cm�1. The pre-
dicted shape structure of prepared MCuNPs was estimated by X-ray
diffractometer (Philips X'Pert PRO equipped with line detector) and
CuKα (l¼ 1.540 Å) radiation in a 2θ configuration at the range of 10–80�

with scanning rate was 0.026/min and operating at a voltage of 40 kV
and a current of 30 mA. The crystalline nature and elements ratios of
MCuNPs structure were observed via field emission scanning electron
micrographs (FESEM, TESCAN BRNO-Mira3 LMU, japan) at an acceler-
ating voltage of 10 kV, equipped with energy dispersion spectroscopy
analysis. High resolution-transmission electron microscopy (HR-TEM)
measurement and mean particle size calculated were performed for
MCuNPs in an JEOL JEM 2100, japan operating at 200 kV, with a reso-
lution point of 2.04 nm. The mean particle size and zeta potential of
prepared MCuNPs were measured using Malvern Zetasizer-Nano
analyzer (Malvern instrument Inc., UK) at the temperature of 25 �C.

2.5. Removal test

The efficiency of MCuNPs was evaluated against removing methylene
blue dye (MB) in an aqueous solution. The process has been performed by
mixing of 0.02 g of MCuNPs with 5 ml 10 ppm of MB dye solution in the
10ml vial with stirring at ambient temperature and room light for 20 min
to ensure the process of dye elimination. The sample was withdrawn
from the vial for a fixed interval of time to screen the dye removal by
using a spectrophotometer device. The following equation (1) has been
used to calculate the percentage removal of methylene blue (MB) dye in
the aqueous solution:

Removal percentage % ¼ [ Co – C / Co � 100] (1)

Where Co is the initial concentration of MB dye, C is the MB dye con-
centration (mg/L) after various time.

3. Results and discussion

3.1. MSLE bio-compositions and their supported mechanism with XPs
analysis in MCuNPs formation

The known Malva sylvestris plant (Fig. 1a) grows wildly in all
temperate regions of Asia, Europe, North Africa, and America, making it



Fig. 1. Healthy MSL (a) MSLE HPLC analysis finger print (b) Proposed mechanism of MCuNPs synthesized (c).
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an available usage source in many scientific applications. In the medical
application, Malva sylvestris used as a herbal plant as an inflammatory,
antibacterial, anticancer, and antioxidant due to its active bio composi-
tions [38]. The high performance liquid chromatographic (HPLC) anal-
ysis of Malva's leaf extract has been prepared by the Ahmed and
Muhammad report (Fig. 1b) [39,40]. It is revealed that it contains a wide
spectrum of bio phenolic compounds such as caffeic acid, ferulic acid,
malvadin-3-glucoside, quercetin, scopoletin, quercetin-3-D-glucoside,
rosmarinic acid, n-coumaric acid, epicatechine, rutin, ellagic acid, api-
genin, luteolin, epicatechine, chlorogenic acid and hyperoside that
possessed high antioxidant activity. This efficiency is attributed to the
hydroxyl groups of these compounds. Furthermore, play a significant role
in the redox process in which act as an electrons donor in the metal
reduction process. Owing to its high availability percentage among other
Malva extract components, the reduction mechanism proposed that
Luteolin (one of quercetin derivatives) is responsible for forming
MCuMPs, as illustrated in Fig. 1c. The high reducing ability of these bio
components confirmed the green application of M. sylvestris leaf extract
as a perfect source for the fabrication of CuNPs with high yield [41].

Moreover, the XPs analysis for as-prepared MCuNPs has been con-
ducted to confirm the green reduction process. The XPs spectrum survey
of Cu (Fig. 2a) revealed excellent photoelectron peaks for orbitals states
of Cu [Cu2p, Cu3s, Cu3p, and its Cu LMM Auger]. The high-resolution
XPS spectra (Fig. 2b) showed sharp-broad fitting peaks located around
933.1, 935.2 eV, 951.5 and 953.4, which refer to the Cu 2p, Cu 2p3/2, Cu
2p1/2, respectively. These obtained resultants are following literature
results [42] in the formation of green CuNPs. Besides, the gap between
each Cu 2p1/2 and Cu 2p3/2 at 19.8 eV, is another evidence that matches
the standard value of 20.0 eV for the prepared CuO [43]. Finally, the
Fig. 2. (a–b) XPs analy
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appearance of two shake-up satellite peaks at 942.9 and 962.7 eV is
another evidence of an open 3d9 shell corresponding with the state of
Cuþ in the formation of MCuNPs. No appearance of impurities metal on
the surface of the NPs is an indication of the cleanesty preparing of
MCuNPs.

3.2. Ultra Violet-Visible (UV–Vis) measurement

The appearance of the green colloidal solution that resulted from the
addition of brown MSLE solution to the colorless copper sulfate is
indicative of the MCuNPs formation (Fig. 3a). This changing in colors has
been studied by UV–Vis spectroscopy measurement. The slight brown
MSLE solution showed a broad absorption band at 287 nm, whereas
green MCuNPs revealed two bands at 340 nm and 535 nm respectively.
Peak shown at 340 nm is attributed to the nuclei structure of flavonoids
of MSL components, whereas the maximum absorbance of green syn-
thesized MCuNPs at 535 nm return to surface Plasmon absorption. This
due to the collective oscillation of free electron conduction band, which
is excited by the incident electromagnetic radiation [44]. This kind of
resonance is seen when the incident light wavelength far exceeds the
particle diameter. The bio-prepared MCuNPs revealed good bandgap
energy at 2.52 eV through tauc plot (Fig. 3b), indicating good interband
transitions of core electrons. The nanoparticle structures' optical features
depend on their sizes, shapes, and stability in the surrounding environ-
ment. Thus, the color constancy and wavelength (Fig. 3c) indicates that
the nanoparticles have been synthesized with relatively stable sizes.
sis of the MCuNPs.



Fig. 3. UV–Vis measurement of (a) MSLE, CuSO4 sol. and MCuNPs, (b) Band gap energy of MCuNPs (c) MCuNPs wavelength stability at the various time illustrated
with images.
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3.3. Fourier transform-infrared radiation (FT-IR) analysis

FT-IR analysis was performed to reveal the bio-functional groups of
Malva sylvesteris leaf extract (Fig. 4a) responsible for synthesizing
MCuNPs (Fig. 4b). Fig. 4a of MSLE showed robust broadband at 3447
cm�1 is attributed to the hydroxyl group (O–H) of the phenolic com-
pounds, which reduced to 3422 cm�1 when the CuNPs synthesized
(Fig. 4b). This transformation is due to the occurrence of conjugation in
the hydroxyl groups responsible for the reduction and formation of
copper nanoparticles. Also, the both FTIR spectrum showed significant
ranges at 2928 cm�1, 2850 cm�1, attributed to the expansion bands of
the CH2 and C–H alkane groups which reduced to 2924 cm�1 and 2841
cm�1 in the prepared CuNPs. Both figures showed a long sharp band at
1540 cm�1 which was attributed to the C––C group vibrations for aro-
matic phenol ring. The emergence of a sharp peak at 1701 cm�1 inMalva
sylvesteris leaf extract which increased to 1715 cm�1 attributed to the
new carbonyl (C––O) group expansion vibrations of ketone that associ-
ated with C––C group in flavone compound that responsible on the for-
mation and stabilizing M-CuNPs. Appearance of special peaks located in
the range 698–1449 cm�1 are is attributable to the O–H phenolic group,
C–N expansion vibrations of aliphatic and aromatic amines as well as
C–H bending vibration in the polysaccharide compounds. Fig. 1b
extremely showed a major peak at 525 cm�1 which is attributed to the
Cu–O band fo prepared M-CuNPs. The shift in these bands clearly in-
dicates the responsible of phenolic compounds in Malva sylvesteris leaf
extract done in well in the formation, stabilization and coating of M-
CuNPs. These results obtained analysis above are welly in agreement
with our previously published report [44].
3.4. X-ray diffraction (XRD) analysis

The crystalline nature of prepared MCuNPs has been estimated by
XRD analysis (Fig. 5) which gave characteristic peaks at positions 2θ ¼
38.31�, 47.92� and 66.12�, which possessed indices of 111, 200 and 220,
where identically to the characteristic of the face-centred cubic structure
(fccs) and which in consistence with the standard JCPDS (No. 48-1548)
data. No other impurity peaks shown except Cu were observed in the
XRD spectrum indicating the high crystalline purity of MCuNPs and with
small sizes. The average crystallite size of the M-CuNPs has been calcu-
lated by Debye–Scherrer's formula (D ¼ kλ/βcosθ), where parameters D,
k, λ, β and 2θ refer to the particle size (nm), constant equal to 0.9, the
wavelength of X-ray radiation (0.15418 nm), the full-width at half
maximum (FWHM) of the peak and the Bragg angle (degree), respec-
tively. The formula showed that the average size of the crystals formed
ranged between 17 and 25 nm.
4

3.5. Morphological characterization of MCuNPs

Performing FESEM and HR-TEM micro analysis to detect the formed
nanoparticle structure is extremely required for their contribution to
describing the nature of the particles involved in the adsorption process.
The FE-SEM image showed that green copper nanoparticles formed in a
spherical agglomerates shape due to the MSL extract's oily nature
(Fig. 6a). The FESEM micrograph recorded the formation of MCuNPs
with fine sizes ranged 27–31 nm, indicating the effectiveness of
biosynthesis. The purity of prepared green MCuNPs has been estimated
by measuring their components using EDS analysis. EDS spectrum
(Fig. 6b) showed excellent elements compositions for carbon (C), copper
(Cu) and oxygen (O) with weights 45.2%, 37.5% and 17.4%, respec-
tively. No appearance of other elements is further evidence of the purity
of bio preparation. More analyzing, the crystalline nature of the MCuNPs
was verified more closely by HR-TEM micrograph, which showed the
formation of agglomerated and uniform spherical nanocrystal with sizes
ranged 23–27 nm (Fig. 6c). HR-TEM analysis clearly supported the FE-
SEM image, as it revealed that the reason for the nanoparticles aggre-
gating was due to the role of bio-components that acted as a reducing and
binding agent. Fig. 6d shows the calculated size distribution of the pre-
pared MCuNPs that ranged from 22 to 25 nm. Another proof, Selected
Area Electron Diffraction (SAED) measurement (Fig. 6e), showed inter-
mittent dots in the concentric circles, which is another indication of the
crystalline nature of the fabricated MCuNPs. This case is interpreted that
the prepared nanoparticles may exhibit excellent dispersion within the
bio-reduced aqueous solution, even at the macroscopic scale.

3.6. Zeta potential and size distribution measurements by dynamic light
scattering (DLS)

Performing DLS analysis was used to estimate the size and surface
charge of the prepared MCuNPs, as shown in Fig. 7a–b. Zeta potential
analysis revealed that the prepared MCuNPs possessed a high negative
charge of �25.2 mV with a zeta deflection at 8.21 mV (Fig. 7a) with a
polydispersity index value of 1.00. This high negative value of zeta po-
tential attributed to binding force among the agglomerated nanoparticles
[45]. Fig. 7b shows that the green synthesized MCuNPs have average
particle size distribution of 45 nm. This fine size of MCuNPs is ascribed to
the biomolecules layer covering the surface of nanoparticles. Many re-
ports have suggested that the size and charge distribution of prepared
NPs by biomolecules enhance the capabilities of the CuNPs in the
adsorption of dyes polluted [46].



Fig. 4. FT-IR analysis of (a) MLSE and (b) M-CuNPs.
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3.7. Removal of MB dye by MCuNPs

The fabricated copper nanoparticles' performance as an effective
catalyst for removing methylene blue dye (MB) has been tested in an
aqueous solution. The process was evaluated in the presence and absence
of copper nanoparticles. The quantity of catalyst has been chosen after
evaluating the efficiency of the minimum amount of catalyst. The pro-
cedure was conducted by adding 0.02 g of MCuNPs to 5 ml of the MB dye
solution (10 ppm, pH ¼ 6). The mixture of the reaction was stirred
magnetically thoroughly at continuous times in room light. A portion (2
ml) was taken out and measured by UV–vis spectrophotometer at each 5
5

min periods. It was observed that the absorbance of the blue colour so-
lution diminished gradually and converted to colourless as time passed.
This can be justified that the dye molecules have adsorbed on the
nanoparticles' surface, as shown in Fig. 8a. The disappearing of dye
colour was followed, as illustrated in Fig. 8b. It has been reported that the
equilibrium between the dye and active sites of the catalyst occurred
after 20 min. The experiment has been performed in a dark place in order
to affirm the efficiency of the process. It has been reported that the
removal of dye has proceeded effectively even in the dark place. How-
ever, the catalyst activity of the MCuNPs in compared with the solution
without the catalyst were investigated. It was clear that, without adding



Fig. 5. XRD analysis spectrum of the MCuNPs synthesized.

S.Y. Sharaf Zeebaree et al. Current Research in Green and Sustainable Chemistry 4 (2021) 100103
the catalyst, the absorption value of MB dye was steady at the same time,
while the green copper nanoparticles showed high adsorption of dye. The
colour removal process of MB dye by green copper nanoparticles was
significantly higher, reaching almost 92.1% decolourisation. These ob-
tained results and high efficiency of MCuNPs in higher dye decomposi-
tion are compared with the other related research studies using the green
and non-green methods as a dye removal agent (Table 1). The data
indicate that the prepared MCuPs showed a higher removal capacity of
MB with less time and lower irradiation intensity compared to the ca-
pacity features of CuNPs in other studies (green and non-green methods).
This high-fast dye removal is attributed to the high surface area of ach-
ieved CuNPs decorated by bio-compositions of Malva leaves extract (see
Fig. 9).
Fig. 6. MCuNPs diagnosis by: FESEM (a), EDS (b), HR-TEM in two zoom (c), size diameter (d), MCuNPs diameter sizes, SADE (e).

Fig. 7. Zeta potential (a) and size distribution (b) of the MCuNPs.
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Fig. 8. (a) UV–vis bands of MB dye adsorption at various time, (b) MB dye
removal % percentage.
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3.8. Kinetic analysis

In order to calculate the order of reaction, two standard kinetic
equations have been applied to investigate the mechanism adsorption of
MB dye on the surface of the catalyst, i.e, the pseudo-first-order equation
(2) and pseudo-second-order equation (3) model.

ln(qe - qt) ¼ ln qe – k1 t (2)

where qe¼ (mg/g) the amount of adsorbed dye at equilibrium, qt¼ (mg/
g) the amount of adsorbed dye at time t (min)

1
qt

¼ 1
qe

þ 1
k2qt

(3)

Methylene blue dye was classified as a cationic dye, which belongs to
a widespread category of dyes [55]. According to Zeta potential analysis
Table 1
Comparison of MCuNPs with other related reports in MB degradation.

Adsorbent Dye concentration Irradiation light so

Green method
Labeo rohita-CuONPs 10 mg/l Sunlight.
CuONPs- Aloe Vera 1000 mg/l Room light
Rheum palmatum-CuO NPs 10 mg/l Room light
Aloe Vera-CuONPs 10 mg/l UV-Xe lamp 100 W
CuO/PET nanocomposite 10 mg/l UV lamp 10 W
Malva-CuONPs 10 mg/l Room light
Non-green method
a CuO-NPs 5 � 10�3 M Sunlight
b CuO-NPs 10 mg/l Room light
c CuO-NPs 15 mg/l Illuminated UV sou
d CuO-NPs 2 � 10�5 mol/l Sunlight
MCuOPNs 10 mg/l Room light

a Sol-gel method.
b Co-precipitate.
c Hydrothermal method.
d Electrochemical synthesis.
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that showed the nanoparticles synthesized using plant leave extract have
a negative charge on the surface of copper nanoparticles. This explains
the interaction process between the nanoparticle's negative charge sur-
face and positive charge molecules of methylene blue dye. Additionally,
the kinetic parameters have calculated, which explain the value of
regression coefficients for both pseudo-first order and second order
(Table 2). The R2 value for pseudo-first order was 0.987 and for
pseudo-second order was 0.995 respectively.
3.9. Adsorption isotherm study

Matching isotherm data with the various model is the main thought in
appointing a suitable model for developing water treatment station.
Langmuir model equation (4) was applied to equilibrium data achieved
from adsorption of methylene blue dye onto the surface of MCuNPs.

Ce

qe
¼ 1
Q0kl

þ Ce

Q0
(4)

Ce ¼ Equilibrium concentration of MB (mg/L).
qe ¼ Value of MB adsorbed on the MCuNPs (mg/g).
Q0 and kl ¼ Maximum adsorption capacity (mg/g) and Langmuir
constant, respectively.

The R2 value indicated that the adsorption process was fine fitted
with the Langmuir isotherm equation, which supposes the regular ac-
tivity distribution of adsorbent as a monolayer on the adsorbents' surface
[56] (Fig. 10a).

The Freundlich isotherm could be expressed as the following (equa-
tion (5)):

log qe ¼ log kf þ 1
n
þ log Ce (5)

k (mg/g) and n is Freundlich constant. kf show the sorbent capacity while
n explain the nature of the adsorption process. By plotting log qe vs. log Ce

(Fig. 10b), respectively, it is possible to obtain the value of 1/n and kf
from the slope and intercept of the plot. The calculated values of the
Langmuir and Freundlich model equation were observed in Table 3. It
clear that the removal of MB dye by MCuNPs was well fitted with the
Langmuir model.
3.10. pH at point of zero charge (pHpzc)

The treatment efficiency of MCuNPs revealed remarkable successful
against the removal of MB dye due to considerable adsorption of
urce Recorded time (min) & removal% Reference

135 min, 96% [35]
210min, 98% [47]
60 min, 99% [48]
47 min, 70% [49]
30 min, 99% [50]
20 min, 92.1% this work

50 min, 85% [51]
100 min, 80% [52]

rce (365 nm) 180 min, 89% [53]
120 min, 93% [54]
20 min, 92.1% this work



Fig. 9. Pseudo-first order (a) and pseudo-second-order (b) plots of MB removal process.

Table 2
Kinetic parameters of pseudo-first-order and pseudo-second-order.

pseudo-first-order pseudo-second-order

k1 (min�1) qe R2 K2 (min�1) qe R2

0.0135 3.00 0.987 0.575 2.31 0.995

Fig. 10. Application of Langmuir model equation (a) and Freundlich isothermal
equation (b).

Table 3
Isotherm parameters of MB adsorption on MCuNPs (pH¼ 6.5, Conc.adsorbent ¼ g/
L, T ¼ 298 K).

Langmuir Isotherm Freundlich Isotherm

Q0 kl R2 n Kf R2

4.97 0.310 0.996 4.60 6.28 0.94

Fig. 11. Calculation the pHpzc of MCuNPs.
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positively charged MB dye by the surface of negatively charged MCuNPs.
The phenomena of dye removal depend upon the zero point charge of
MCuNPs. The pH at point of zero charge (pHpzc) of MCuNPs was
determined by plotting the final pH vs initial pH after 48 h (Fig. 11). The
8

pHpzc of the MCuNPs was 6.1. According to the calculated pHzpc value,
if the pH solution is higher than pHzpc the surface of MCuNPs is became
negatively charged. While at a lower pH solution, the surface becomes
positively charged. In the present study, the solution pH showed a value
(pH ¼ 7.5) greater than pHpzc, so the surface becomes negatively
charged, favouring the uptake of positively charged MB dye. This ob-
tained result is consistent with previous reports [57].

3.11. Influence of initial dye concentration and pH medium on removal of
MB dye

The efficiency of dye removal was explored by investigating the effect
of the initial dye concentration on the adsorption process. Various con-
centrations of MB dye were prepared and ranged between 10 and 200
(mg/L) and fixed amount of MCuNPs (0.02 mg). Fig. 12a shows that, at
low initial concentration, the adsorbent shows high removal percentage,
While the removal effectiveness has decreased by increasing the initial
concentration of MB dye. This can be attributed to the fill of the active
monolayer sites on the surface of the adsorbent [58]. On the other hand,
the influence of the acidity and basicity on the removal of MB dye has
been studied. Different solution of MB dye has been prepared with varied
pH ranged between (2-12) using 0.1 M HCl, and NaOH. Fig. 12b illus-
trates that, the removal efficiency saw raising by increasing the pH value
of the mixture, and peaked at pH 7.5. After that the dye removal per-
centage has fallen gradually by increasing the basicity of the solution.
This can be described on the basis of the electrostatic attraction between
the cationic molecules of MB dye and anionic surface of the adsorbent
which is the main force responsible for the adsorption process [59].
Therefore, pH 7.5 is selected as the optimum medium for further inves-
tigation (pH).



Fig. 12. The influence of the initial concentration (a) and pH (b) on MB dye removal.

Fig. 13. Recycling of the MCuNPs in the MB removal process.
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3.12. MCuNPs reusability and their efficiency against MB dye

The quality of the MCuNPs catalyst has been studied by checking the
recyclability of the MCuNPs. Further, the ability to reusing it again
against the MB dye at the same conditions. After completing the first run,
the MCuNPs were recovered by centrifuges process and simple filtration
and were washed repeatedly with distilled water and dried at 50 �C in a
hot air oven then dried. After that, two more runs of the reusable catalyst
were also used against MB dye, and it was found that they occurred
without appreciable loss of catalytic activity (Fig. 13). A simple deviation
of the catalyst efficiency was observed among the first and third cycles
due to the slight loss of the MCuNPs catalyst during the filtration process.
According to obtained results, it seems possible that the recovery can be
successfully achieved more than once with high efficiency, indicates to
the MCuNPs effectiveness.

4. Conclusion

In the current work, copper nanoparticles (MCuNPs) have been suc-
cessfully synthesized via a green, clean, low-cost and environmentally
friendly method using leaves extract of Malva sylvestris plant as a
reducing and stabilizing agent. Spectrums examination illustrated that
the spherical, high surface area, well dispersed and size range between
15 and 25 nm of MCuNPs nanoparticles had been obtained. The kinetic
results showed that the process of dye removing was followed pseudo-
second reaction R2 (0.995). The equilibrium data exhibited that the
maximum adsorption process was fitted with Langmuir model equation
R2 (0.996). Furthermore, other parameters were reported in this study:
9

PH of medium, initial concentration of dye, and removal time (pH ¼ 7.5,
10 ppm, 20 min), respectively. The efficiency of MCuNPs to remove the
methylene blue (MB) dye was very high compared to the literature.
Additionally, MCuNPs eliminate MB dye species in an aqueous medium
at a high percentage 92% in a short time. This study could pave the way
to some possible application of nanoparticle for the purification of
contaminant water.
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