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a b s t r a c t
Since the industrial revolution, water pollution, including wastewater, has attracted researchers’ 
attention. An effective and environmentally friendly method for the green synthesis of copper 
oxide nanoparticles (CuO NPs) with aqueous extracts of Aloe vera and Gundelia tournefortii as an 
adsorbent for heavy metals has been developed. The formulated NPs were analyzed by X-ray 
diffraction, Fourier-transform infrared spectroscopy, field-emission scanning electron micros-
copy, and energy-dispersive X-ray spectroscopy techniques. Absorption experiments were per-
formed on aqueous solutions at various concentrations and pH. The elimination rate of Pb2+ 
was investigated by an atomic absorption system. Different conditions for the removal of lead 
ions were considered, and the green-produced CuO NPs presented high photocatalytic activity 
for removing lead ions from wastewater. According to the results, the optimum condition for 
eliminating heavy cation Pb2+ with more than 99% efficiency was achieved at a concentration of 
200 mg/L, pH = 7.5, and 0.008 g of CuO NPs. According to experiments, by increasing the amount 
of NPs, the percentage of lead ions has increased owing to the high available absorption sites 
against the fixed amount of metal ions.
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1. Introduction

The unchecked and excessive evacuation of heavy metal 
ions is now a significant issue. Human life is dependent 
on the environment, while environmental pollution, espe-
cially water, has long been considered in public health [1]. 
The development of the industry has made life easier and 
more convenient. Meanwhile, contamination’s harmful con-
sequences also have a negative impact on the ecosystem 
[2]. Heavy and toxic metals enter the environment through 
natural processes as well as anthropogenic activities such 
as metallurgical, galvanizing, electroplating, electronic 
device manufacturing, mining, and power regeneration 
[2–6]. The World Health Organization regularly monitors 
the impacts of heavy metals on human health [4]. Increasing 
the concentration of heavy metals beyond the permissible 
limit causes serious risks and disorders in the health and 
normal functioning of humans and animals [2,7–9]. Toxic 
heavy metals include, nickel, chromium, lead, cadmium, 
mercury, and copper [10], which are not simply removed 
without specialized or advanced treatment. Pb2+ is one of 
the most toxic heavy metals with long stability and is an 
environmental pollutant [5,11]. Several industries, such 
as battery manufacturing, glass production, electroplat-
ing, metal finishing, printing, and tanning, produce large 
amounts of lead- containing waste [12]. The acceptable lev-
els of Pb2+ in drinkable water and wastewater are 0.05 and 
0.005 mg/L, respectively [13,14]. Lead may impact almost 
every organ and body system of a living organism. Lead 
exposure could severely hurt the nervous and reproduc-
tive systems (e.g., infertility), kidneys, liver, especially for 
pregnant women [15], the brain, and kidneys in adults and 
children, and finally cause death [2]. There are various tech-
niques, including chemical sedimentation [16], adsorption 
[17], electrochemical decrease [18], ultrafiltration [19], sol-
vent extraction [20], and ion exchange [21], used to remove 
toxic metal ions. These technologies have disadvantages: it 
is expensive to treat and dispose of secondary toxic metal 
sludge (2) Ineffective when lead levels in wastewater are low 
[22]. On the other hand, the absorption technique is one of 
the most appropriate and effective techniques owing to its 
easiness and a variety of adsorbents are readily available 
[23]. An effective adsorption procedure depends on the 
efficiency of the adsorbents and the continuing supply of 
ingredients for the procedure [24]. The cost of using adsorp-
tion technology can be reduced if the adsorbent is cheap. 
Therefore, there is a continuous search for inexpensive alter-
native adsorbents [25]. New developments in technology, 
particularly nanotechnology, have led to the development 
of a novel concept of NP synthesis [1]. Processes that play a 
significant role in preventing pollution and identifying and 
treating pollutants. To decontaminate and change pollutants 
into harmless or less harmful materials owing to their small 
size, large cross-section, crystalline shape, unique lattice 
order, and great reactivity [26]. Nanoparticles have recently 
been reported as adsorbents in various studies. For exam-
ple, using iron oxide to remove chromium from water [24], 
removal of nickel ions using iron(III) oxide nanoparticles 
from aqueous solutions [27], removal of xylene from water by 
zinc nano oxide as an oil adsorbent [28], manganese dioxide 
nanoparticles and evaluation of their performance in copper 

removal from aqueous solutions [29]. CuO is a semiconduc-
tor material with a thin bandgap of 1.7 eV [30]. Because of 
their simple synthesis method, environmental friendliness, 
and photocatalytic properties, copper oxide nanoparticles 
(CuO NPs) synthesized from plant extract may be used to 
eliminate contaminations [31]. In this study, the production 
of green copper oxide NPs was designed to eliminate heavy  
metal contaminants from water and wastewater.

2. Experimental

2.1. Material and method

Aloe vera leaves were purchased from a Tehran Pharmacy 
in Iran. Gundelia tournefortii were prepared at the local mar-
ket in Iran. Copper(II) acetate and other chemical agents 
were obtained from Sigma-Aldrich (St. Lo., USA) and 
Merck companies and applied without any purification.

2.2. Characterization

Fourier-transform infrared spectroscopy (FTIR) mea-
surements were carried out with a spectrometer (Tensor 
27, Bruker Co., Ettlingen, Germany), using a KBr-pellet 
method. To analyze the sample of NPs (synthesized CuO 
NPs by G. tournefortii extract and synthesized CuO NPs 
by Aloe vera, leaves extract), the X-ray diffraction (XRD) 
of them was scanned with a Holland Philips X-Pert X-ray 
Powder Diffractometer through a Cu source by a peak 
Kα of 0.1540 nm from an angle of 1°–70° with the rate of 
1°/min. To investigate the surface, structure morphology 
of produced NPs, and images of the catalyst’s surface, 
field-emission scanning electron microscopy (FESEM; 
FESEM-TESCAN MIRA3 model) was utilized.

2.3. Green Synthesis of CuO NPs by G. tournefortii extract

2.3.1. G. tournefortii extract preparation

The aerial organs of the G. tournefortii plant were washed 
three times in a row with deionized water and dried at 
room temperature for one week. Next, they were milled and 
screened via a laboratory screen through mesh 20 until a uni-
form powder was obtained. In a reflux balloon, 14.53 g of 
meshed powder was mixed with 145.3 mL of deionized water, 
which was then thoroughly stirred and refluxed at 80°C for 
120 min. After the reaction was completed, it was filtered.

To synthesize copper oxide nanoparticles, the first 
50 mL of artichoke extract were mixed with 50 mL of 
0.003 M CuCl2 solution and stirred at 60°C for 120 min. 
After a few minutes, the color of the mix was altered 
from light brown to dark brown. To adjust the pH, 2 mL 
of NaOH 0.2 M was added. The resulting solution was 
sited in an oven at 24°C for 1 d. The synthesized NPs were 
filtered, washed with deionized water three times, and 
then dried for 12 h at room temperature [30].

2.4. Green Synthesis of copper(II) oxide nanoparticles by the 
extract of Aloe vera, leaves

2.4.1. Preparation of Aloe vera leaves extract

The synthesis was performed in accordance with the meth-
ods described in the published literature (REF). In summary, 
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the Aloe vera fresh leaves were collected from the trees, washed 
with deionized water, and dried at 25°C. The cleaned Aloe vera 
leaves were cut into small pieces. The chopped leaves were 
added to 1,000 mL of deionized water and boiled at 120°C 
for 50 min. The achieved extract was filtered with Whatman 
Filter Paper. Next, 20 mL of a 2 M solution of potassium chlo-
ride was added to the obtained extract until the pH increased 
to 8.5 and the mixture cooled down to room temperature.

To green synthesis of CuO NPs, 500 mL of a 100 mm 
aqueous solution of copper nitrate was added to 50 mL of 
Aloe vera extract under continuous stirring at 100°C–120°C. 
The solution’s color changed from blue to colorless and then 
to brick and dark red during the 24 h stirring. The solution 
was centrifuged at 10,000 rpm at room temperature for 
10 min, and the deposition was collected in a glass [31].

2.4.2. Study of absorption

To investigate the photocatalytic effect of synthesized 
NPs, they were separately placed in beakers containing 
75 mL of Pb2+ solution (200 mg/L) at room temperature 
and pH = 7.5, and the amount of heavy metal removal was 
studied using an atomic absorption device (Unicam 939). 
Then the impact of NPs doses on the elimination of heavy 
metal ions (0.002–0.1 g), the effect of pH in different pH 

(2.5, 4, 6, 7.5, and 8.5), and the effect of the concentra-
tion of primary metals (100, 200, 300, and 400 mg/L) were 
investigated. The content of absorbed metal per unit 
mass of NPs (q) and the percentage removal of heavy 
metals (R) were measured following Eqs. (1) and (2).

q
C C V

M
e�

�� ��0  (1)

R
C C
C

� �
�0

0

100  (2)

where C0 is the primary concentration, Ce is the equilib-
rium concentration of metal ions in solution (mg/L), V is 
the volume of the solution (L), C indicates the concentration 
of metal ions and M is the absorbing mass [32].

3. Results and discussion

3.1. XRD analysis

The XRD curves of synthesized CuO NPs by G. tourne-
fortii extract and produced CuO NPs by the extract of 
Aloe vera leaves are revealed in Figs. 1 and 2, respectively. 
The green synthesis of CuO NPs studied by XRD indicates 
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Fig. 2. XRD curves of synthesized CuO NPs by Aloe vera, leaves extract.
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Fig. 1. XRD pattern of produced CuO NPs by Gundelia tournefortii extract.
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more crystallinity. The diffraction peaks at (110), (111), (220), 
(202), (020), (113), (311) and (440) show CuO NPs [33].

Slight flattening of the peak in the sample prepared 
from G. tournefortii extract indicates less crystallinity in this 
sample.

The crystallite size of the samples was measured by the 
Scherrer equation:

D �
k�

� �cos
 (3)

where D is the average of crystallite size, k is the crys-
tal constant that is equal to 0.89, θ is the Bragg angle, λ is 
X-ray wavelength, and β is the full width at half maxi-
mum (FWHM) of the strongest peak [34].

The crystallite size of synthesized CuO NPs by G. tourne-
fortii extract and produced CuO NPs by the extract of Aloe 
vera leaves were assessed based on the Scherrer model at 
around 13.7–33.29 and 5.76–26.95 nm, respectively; the 
mean of the particles’ crystallinity was identical at 21.37 and 
12.22 nm, respectively.

3.2. FTIR analysis

The FTIR transmission spectra in Fig. 3 show the forma-
tion of the CuO phase. The presence of OH– and carbonyl 
(C=O) is indicated by the available peak in 2,800–4,000 cm–1 
in Fig. 3a and b. The presence of peaks in 500–700 cm–1 
(618, 622) corresponds to specific stretching vibrations of 
the Cu–O bond in the CuO NPs [33,35]. The strong width 
observed around 2,900 cm–1 is associated with the sym-
metric tension of water molecules [34].

3.3. FESEM analysis

The obtained results of morphology investigation of pro-
duced CuO NPs by the G. tournefortii extract with polygon 
morphology is shown in Fig. 4. The FESEM images show the 
good dispersion of CuO.

The FESEM images of synthesized CuO NPs by the 
extract of Aloe vera leaf extract with approximately the same 
morphology as cauliflower as shown in Fig. 5. The FESEM 
images indicate the good dispersion of CuO.

3.4. Removal process

3.4.1. Effect of the amount of adsorption

By increasing the amount of NPs, the elimination per-
centage of heavy metals has increased owing to the high 
available absorption sites with the fixed metal ion content. 
Also, increasing the amount of NPs reduced the maximum 
heavy metal ion absorption capacity, which could be related 
to the number of unsaturated absorption sites through-
out the procedure in Figs. 6 and 7 [35]. For example, the 
adsorption capacity of Pb2+ under the synthesized CuO 
NPs by the G. tournefortii extract (Fig. 6) decreases from 
2,077.5 to 1,456.5 mg/g when the NPs amount increases 
from 0.002 to 0.01 g. According to Figs. 6 and 7, there is 
an insignificant variance between the elimination ratios 
when the nanoparticles are 0.008 and 0.01 g, respectively. 
Therefore, 0.008 g of nanoparticles was chosen as the optimal.

3.4.2. Effect of initial metal ion concentration

The impact of the primary concentration of heavy 
metals on the removal efficacy is exposed in Figs. 8 and 9.  
Enhancing the primary concentration of metal ions 
decreased the removal percentage that is associated to 
the attendance of a constant number of adsorption posi-
tions against increasing the number of metal ions. Though, 
enhancing the initial concentration of heavy metal ions 
caused an increase in absorption. For instance, when 
the primary concentration of Pb2+ enhances from 100 to 
400 mg/L, the removal percentage reduces from 97.77% to 
53.82%, although the adsorption enhances from 916.593 
to 2,018.25 mg/L, respectively. These obtained results 
show that the content of ions adsorbed on the surface of 
nanoparticles increases with the initial enhance in the 
concentration of metal ions, which indicates an enhance 
in the concentration gradient’s moving force. According 
to Figs. 8 and 9, metal ion adsorption happens quite 
quickly in the first few minutes. The uncoated surface and 
active positions on the surface of the adsorbent may be 
the cause of the ions’ fast adsorption at this phase [30].

3.4.3. pH effect

Figs. 10 and 11 illustrate the impact of pH on the elim-
ination of heavy metal ions. The findings show which the 
absorption percentage increased by raising the pH. The 
least amount of absorption in the acidic pH was due to 
the higher content of H+ in comparison to the metal ions 
throughout the absorption procedure [36,37]. At alkaline 
pH, metal ion hydrolysis can result in lower adsorption 

Fig. 3. FTIR spectra of NPs (a) by the Aloe vera leaves extract and 
(b) by the Gundelia tournefortii extract.
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Fig. 5. FESEM images of synthesized CuO NPs by the Gundelia tournefortii extract.

Fig. 4. FESEM image of synthesized CuO NPs by the Aloe vera leaves extract.
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efficiencies. Also, in strongly alkaline conditions, metal 
ions are precipitated in solution owing to the more content 
of OH– ions. In an alkaline solution, oxygen atoms have a 
negative charge that is suitable for absorbing heavy metal 
ions. In this regard, electrostatic absorption could occur 
among metal ions and oxygen atoms by various loads. 

Extreme metal absorption at pH 7.5 has occurred. At this 
pH, the metal ion can bond by the oxygen electron pair.

4. Conclusion

In conclusion, CuO NPs with high scale-up were syn-
thesized at 25°C. The green synthesis of CuO NPs was per-
formed with G. tournefortii and Aloe vera extract. The CuO 
NPs presented photocatalytic activity as a heavy metal 
(Pb2+) remover. According to experiments, by increasing the 
amount of NPs, the percentage of lead ions has increased 
owing to the high available absorption sites against the fixed 
amount of metal ions. Furthermore, owing to the attendance 
of a continuous number of absorption positions by raising the 
number of Pb2+ ions, the primary concentration of lead ions 
was reduced by a certain percentage. However, the absorp-
tion capacity increases with the increasing concentration of 
heavy metal ions.

Conflicts of interest

The authors declare no competing interests.

Fig. 6. Effect of adsorbent on the removal of heavy metal ions 
under the synthesized CuO NPs by the Gundelia tournefortii 
extract.

Fig. 9. Impact of primary heavy metal ion concentration on 
removal efficiency ions under the synthesized CuO NPs by the 
Gundelia tournefortii extract.

Fig. 10. Effect of pH on elimination efficacy under the synthe-
sized CuO NPs by the Gundelia tournefortii extract.

Fig. 7. Effect of adsorbent on the removal of heavy metal ions 
under the synthesized CuO NPs by the Aloe vera leaves extract.

Fig. 8. Impact of primary heavy metal ion concentration on 
removal efficiency ions under the synthesized CuO NPs by the 
Aloe vera leaves extract.
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