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Abstract
In this study, polyethylene terephthalate (PET) nanofibers are dipped into the extrac-
tion of pomegranate leaves (Punica granatum) in aqueous solution operated as a 
reducing agent to fabricate PET nanofibers with CuO nanoparticles, which are used 
later for the photocatalytic degradation methylene blue (MB) in aqueous solution. 
Scanning electron microscopy analysis is used to study the surface nanofiber mor-
phology. UV–visible spectrophotometry is used to determine the concentration of 
(MB) after photodegradation. Photodegradation of (MB) in this study has shown 
that the degradation efficiency is affected by many factors like time, pH, and con-
centration. The results have proved that PET nanofibers/CuO nanoparticles acquire 
high photodegradation efficiency in a short time.
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Introduction

Organic dye pollutants are produced by fabric, leather, and cosmetics production sign-
aling a significant environmental concern [1]. The problem which the world is facing 
now is that organic dyes generally have a complex aromatic structure and can display 
anionic, cationic, and non-ionic properties [2]. These dyes are methylene blue (MB), 
crystal violet (CV), rhodamine B (RhB), methyl orange (MO), Congo red (CR), and 
Remazol Black-B (RB5) [3]. The colors of these organic dyes can be observed even at 
low concentration, making water highly unfavorable, which is risky to human health 
and the environment [4]. Over 10,000 different types of organic dyes and pigments, 
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with an annual production of more than 0.7 million tons commercially exist, and 
5–10% of the organic dye material is lost as industrial discharge [5].

There are various techniques for the removal of dyes from wastewater, such as mem-
brane filtration, precipitation, flocculation [6], adsorption, and photocatalytic degrada-
tion [7].

Polymeric nanofibers have an appropriate platform for many applications due 
to their high porosity (approximately 90%), low basis weight, small pore size, well-
interconnected pore structure, very high surface-to-volume ratio, and the ease for 
incorporating chemical functionalities. Due to these properties, the nanofiber-based 
membranes can be good alternatives to conventional membranes, thus providing high 
permeability for water filtration [1, 8]. Electrospinning has been known as one of the 
most universally used devices for the fabrication of composite nanomaterials and prep-
aration of nanofiber [9].

Photocatalysis is a green technology which is regarded as a favorable technique for 
the degradation of organic pollutants in the polluted wastewater [10, 11].

Green synthesis of nanoparticles using plant extracts is a developing area of research 
and is advantageous over chemical or microbial synthesis as it reduces the elaborate 
process and can also meet large-scale production [12, 13]. There are numerous note-
worthy applications of metal oxide nanoparticles such as cell line studies, anti-micro-
bial, and dye degradation [14].

Copper oxide nanoparticles have superior properties, which have made them essen-
tial for various applications, such as sensors, catalysts, and super strong materials [15]. 
Despite the high presence and application of CuO-NPs in numerous organs/systems, 
few studies have been piloted to examine their immunotoxic effects; CuO-NPs poison-
ousness on human lymphocytes remains to be investigated [16]. However, so far, toxic-
ity implications for most synthetic nanoparticles are reported to have been limited.

Plastic cups have been widely used for water drinking packaging everywhere. 
Polymer polyethylene terephthalate (PET) is used in the manufacture of these cups. 
Due to the overuse of plastic cups, the environmental problem of PET waste has 
become a serious issue as it is a non-degradable material [17].

In this research paper, a new method is proposed to prepare CuO nanoparticles by 
the green synthesis dispersed on PET nanofibers and its application to the photodeg-
radation of dye. The degradation of methylene blue has been determined by UV–Vis 
spectrophotometer.

To the best of the researcher’s knowledge, the PET nanofibers/CuO nanoparticles 
have not been used before for the photodegradation of methylene blue (MB) in aque-
ous solution.

The choice to use nanofibers is outstanding, which is attributable to their large 
surface area, which may help better diffusion of CuO nanoparticles.

Materials and methods

Polymer (PET) as waste material is collected from a local company water packing. It 
is used after cleaning and removing the non-PET components and then being dried. 
Trifluoroacetic acid, dichloromethane, and copper chloride dihydrate are purchased 
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from UNI-CHEM. In all the experiments, the chemicals are of analytical grade, and 
all the reagents are used as received without any further purification. Deionized 
water is used through all the procedures. The morphology of nanofibers is examined 
by using (TESCAN/MAIA3) ultra-high resolution scanning electron microscope.

Further, the images are analyzed by (Image J 1.48v) randomly counting 50 fiber 
diameters. The photodegradation study is performed using UV–visible spectropho-
tometer (Jenway, 7315, Spectrophotometer).

The preparation of electrospun solutions

The preparation of nanofibers from waste PET is done in our previous work by mix-
ing dichloromethane and trifluoroacetic acid in a 3:1 ratio to make a simple solu-
tion. The solution is stirred at room temperature for 4 h and then placed in a glass 
syringe (500 µL, 22 ga) attached to a stainless-steel needle. The distance is 10 cm, 
13 cm, and 15 cm between the tip and the collector. The syringe is connected to an 
injection pump to regulate the solution flow rate at the speed of 0.5 mL/h, 1 mL/h, 
and 2 mL/h. High voltage is applied to the tip of the needle and the collector using 
a high-voltage DC power supply (9, 12, 15 kV). The optimal electrospinning factors 
are determined as follows: 1 mL/h flow rate, 15 cm distance needle tip to collector, 
5% PET concentration, and 9 kV for the applied voltage [17].

Green synthesis CuO nanoparticles

Pomegranate leaves have been collected from the pomegranate trees in Duhok city, 
then cleaned from dirt by distilled water and dried in room temperature. They have 
been ground and then sieved (250  µm). 5  g of pomegranate leaves are added to 
50 mL of deionized water and heated at 80–90 °C for 60 minutes until the solution 
color changes to brown–yellow, and then the mixture is cooled to room temperature 
and filtered. The extract is stored at a room temperature to be used in the preparation 
of the copper nanoparticles. 0.1 g of copper chloride dihydrate (CuCl2·2H2O) is then 
dissolved in 50 mL of deionized water with continuous stirring. After that, 10 mL of 
the plant extract is added gradually with continuous stirring at room temperature so 
that the color changes from light blue to light green.

The adsorption copper oxide nanoparticles

The nanofibers mat is immersed into the solution of the extracted leaves with cop-
per chloride, which is prepared earlier. After soaking the nanofibers mat for 24 h, 
its black color turns brown showing the reduction of the Cu2+ ions. Then, the mat is 
washed many times by the deionized water to remove any free ions and dried at oven 
40 °C [18]. Figure 1 shows the process in detail.
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Photodegradation of methylene blue

The dried PET nanofiber/CuO nanoparticles mat of 0.008 g and 10 mL of 10 ppm 
methylene blue solution were shaken for 30 min at 25 °C in the dark (covered from 
any source of light) in demand to allow the adsorption–desorption equilibrium to 
be touched. The mixture of the reaction was then irradiated beneath xenon lamp 
(100  W) as a function of time. Throughout illumination, 2  mL of the suspen-
sion was taken from the conical as organized. After the exact irradiation time, the 
PET nanofibers/CuO nanoparticles were separated by centrifugation, and then the 
UV–Vis absorption was measured [19].

The percent degradation of methylene blue in aqueous media was calculated by 
the following equation [20].

where C0 is the initial organic dye concentration (mg/L), C is the organic dye con-
centration after irradiation (mg/L), A0 is the initial absorbance, and A is the organic 
dye absorbance after irradiation.

Result and discussion

Morphological study

PET nanofibers were electrospun arranged on three factors of an L 9 orthogonal array 
with S/N ratios and ANOVA in Taguchi method, which discussed in our earlier work. 
Polymer concentration, feed rate, needle tip-to-collector distance, and applied voltage 
at three dissimilar levels were studied to examine the levels of the optimum factors for a 
thinner fiber diameter during electrospinning. The optimal electrospinning factors were 
determined to be as follows: 5% PET concentration, 1 mL/h feed rate, 15 cm distance 
between needle tip to collector, and 9 kV for the applied voltage.

(1)Degradation rate (%) =
C0 − C

C0

× 100

(2)Degradation rate (%) =
A0 − A

A0

× 100

Fig. 1   Steps of producers
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The morphological study of PET nanofiber after optimization is shown in Fig 2. Fig-
ure 3 confirmed the existence of CuO nanoparticles on the surface of PET nanofiber. 
SEM image also showed that the CuO nanoparticles are present in an agglomerated 
form on the surface of the nanofiber mat. Figure 4 indicates the frequency impact dia-
gram for the SEM micrographs (evaluated by ImageJ 1.48v) in the diameter range of 
50–200 nm. XRD pattern of this material displays the values of 2θ at [26.173º and 
38.6855] with a big plane distance, which were 3.40204 and 2.32564, respectively. 
According to the Debye-Scherrer equation, the average crystallite size of this nanoma-
terial was calculated to be 2.97 nm, as shown in Fig. 5.

Photodegradation of methylene blue

CuO nanoparticle embedded in PET nanofibers was studied (photocatalytic proper-
ties) by degrading the MB under Xenon irradiation as a function of time. The photo-
degradation of MB was measured by the intensity of the UV–visible spectra, which 
gave the highest absorbance peak at 664 nm. The CuO nanoparticle embedded in PET 
nanofibers showed that the degradation of MB steadily increased with irradiation time. 
The CuO nanoparticle embedded in PET nanofibers degraded further than 88% of dye 
at 10 min, while the PET nanofibers degraded about 56% of MB beneath the similar 
experimental situation, and after 60 min the dye degradation was almost constant as 
shown in Figs. 6 and 7. Kinetic study of photodegradation of methylene blue in aque-
ous solution versus CuO nanoparticles-embedded PET nanofibers is shown in Figs. 8 
and 9 [21].

(3)ln

(

C0

C

)

= K
a
t

Fig. 2   SEM image of PET nanofibers after Taguchi optimization
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where C0 is the initial concentration of methylene blue, C is the concentration of 
methylene blue at a specific time, and Ka is the rate constant of the pseudo-first-
order model (min−1).

The high photodegradation of MB in aqueous media is due to the CuO nanoparti-
cles on the surface of PET nanofibers.

Fig. 3   SEM image of PET nanofibers/CuO nanoparticles

Fig. 4   The distribution of nanofibers equivalently
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The photodegradation of dye MB in solution is initiated by the photoexcitation 
of the CuO nanoparticles as semiconductor, followed by the production of elec-
tron–hole pair on the surface of (CuO) catalyst (Eq. 4). The high oxidative potential 
of the hole (h+

VB) in the catalyst allows the immediate oxidation of the organic dye 
(MB) to reactive intermediates (Eq. 5).

Metal oxide

Hydroxyl radical (OH·) is another reactive intermediate which is accountable for the 
degradation. It is produced by the decomposition of water (Eq. 6) or via the reaction 

(4)
(

MO∕MO2

)

+ hv →

(

MO∕MO2

)

(

e
−
CB

+ h
−
VB

)

(5)h
+
VB

+ dye → dye⋅+ → oxidation of the dye

No. 2-theta
(deg)

D
(ang.)

Height
(cps)

FWHM
(deg)

Int. I
(cps deg)

Int. 
W(deg)

Asym. 
factor

Crystal 
size (nm)

Average crystal 
size (nm)

1 26.173 3.40204 222.777 5.07345 1400.27 6.285555 1.25633 1.68
2.97

2 38.6855 2.32564 45.1317 2.06523 354.665 7.858435 1.61115 4.26

Fig. 5   XRD diffraction of CuO nanoparticles

Fig. 6   a PET nanofibers/CuO 
nanoparticles, and b PET 
nanofibers, color after interval 
time
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of the hole with OH− (Eq.  7). The hydroxyl radical (OH·) is an influential, non-
selective oxidant (E° = +3.06 V), which leads to the fractional or complete minerali-
zation of numerous organic chemicals [22].

Fig. 7   Effect of different times on photodegradation efficiency of methylene blue C0 = 10  mg/L, 
temp. = 25 °C

Fig. 8   Effect of contact time on methylene blue removal efficiency
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Effect of pH on photodegradation

The influence of pH on photodegradation was studied because it is the critical 
factor which is essential through photodegradation organic materials [22].

The results in Fig.  10 show that the photodegradation of MB increases with 
the rise in pH. The results indicate that the photodegradation of MB is in basic 
solution.

The basic medium enhanced the creation of (OH) radicals. These radicals are 
robust oxidizing species, which might be responsible for upper pH values during the 
photodegradation.

The initial concentration of methylene blue effect

The effect of initial MB concentration on the photodegradation of MB onto PET 
nanofibers with CuO nanoparticles was studied at the initial MB concentration 
(10–40 mg/L). As shown in Fig. 11, the results indicate that the photodegradation 

(6)h
+
VB

+ H2O → H+ + ⋅OH

(7)h
+
VB

+ OH−
→

⋅OH

(8)⋅OH + dye → degradation of the dye.

Fig. 9   Fitting of pseudo-first order of PET nanofibers and PET nanofibers/CuO nanoparticles
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decreases with increasing concentration from 10 to 40  mg/L. This result might 
be related to the saturated surface of the PET nanofibers with CuO nanoparticles, 
which are caused by the high concentration of the MB in solution [23].

Fig. 10   UV–Vis spectra of photodegradation of MB at different pH onto PET nanofibers/CuO nanoparti-
cles, time = 60 min, temp. = 25 °C, = 10, C0 = 10 mg/L

Fig. 11   UV–Vis spectra of photodegradation of MB at different initial concentration onto PET nanofib-
ers/CuO nanoparticles, time = 60 min, temp. = 25 °C, pH 10



3483

1 3

Polymer Bulletin (2020) 77:3473–3484	

Conclusion

In summary, CuO nanoparticles embedded in PET nanofibers were prepared by the 
green synthesis process, electrospinning, a dipping method, and environmentally 
friendly green chemical reduction that used plant extract as a reducing agent. XRD 
pattern of CuO nanoparticles displays the value of the average crystallite size of this 
nanomaterial which was calculated to be 2.97 nm. The characterization illustrates 
that the Cu nanoparticles with minor size were perfectly dispersed and embedded 
on the PET nanofibers. The SEM analysis exhibited that the morphology of PET 
nanofibers was not disturbed after treated with CuO nanoparticles.

PET nanofibers/CuO nanoparticles showed high photocatalytic activity for the 
removal of organic dye in aqueous solution. The results indicate that the photodegra-
dation of Methylene blue( MB) more efficiency is in a basic solution and decreases 
with an increasing the initial concentration of (MB).
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