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Abstract In this research, novel CuO-ZnO/ZiF-8 metal–organic frameworks (MOFs) photocata-

lyst with different mass percentages of ZiF-8 were prepared for water purification applications

under visible light. The precipitation method was used to synthesize CuO-ZnO/ZiF-8 photocata-

lysts. Some techniques, including XRD, FESEM, EDX, BET-BJH, FTIR, DRS, and pHpzc, were

performed to determine the structural, chemical, and optical properties of the prepared samples.

DRS analysis represented that CuO-ZnO/ZiF-8(20) had narrower band gap energy compared to

CuO-ZnO and ZiF-8. Also, BET-BJH analysis results showed that CuO-ZnO had a low surface

area that impeded the absorption of pollutant molecules. In contrast, the CuO-ZnO/ZiF-8(20) sam-

ple, due to the presence of ZiF-8, had a high specific surface area which enabled higher pollutant

adsorption on the photocatalyst surface.

Moreover, the synthesized samples were evaluated for the solar-light-driven removal of different

organic dyes, such as Acid Orange 7, Methylene blue, and Malachite green. The tremendously

enhanced photocatalytic activity under the simulated solar light with 98.1% removal of AO7 was

observed over CuO-ZnO/ZiF-8(20) sample. Then, the effect of initial solution pH as an essential
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factor on photocatalytic activity was investigated. Finally, the reaction mechanism of AO7 degra-

dation over CuO-ZnO/ZiF-8(20) was proposed.

� 2021 The Authors. Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Due to the rapid population growth, and the increasing spread

of pollutants, clean water resources as one of our daily life
necessities are deeply needed (Najafidoust et al., 2019;
Najafidoust et al., 2021; Abbasi Asl et al., 2020; Abbasi Asl
et al., 2019; Sarani et al., 2021; Kazemi Hakki et al., 2021).

Organism lives and the environment are extremely at risk of
irreversible damages due to the release of industrial contami-
nants (Wang, 2021; Gu et al., 2021; Shen et al., 2022). To

remove these contaminants, scientists have employed various
procedures, including biological, physical adsorption, electro-
chemical methods, yet most of them have some drawbacks

such as high cost, complication, poor efficiency. So, it is neces-
sary to develop economical, simple, and eco-friendly methods
to remove pollutants in water and wastewater (Ahmad
Najafidoust and Hakki, 2019; Najafidoust et al., 2020;

Hamidian et al., 2021). In recent decades, researchers pay great
attention to photocatalysis technology, one of the advanced
oxidation processes (AOPs), in which semiconductors employ

as photocatalysts to solve the as-mentioned problems and just
need solar energy as a clean, available, and renewable energy
resource (Miri et al., 2020; Abdollahi et al., 2018; Khataee

et al., 2015). ZnO has been widely used in photocatalytic appli-
cations because of its non-toxicity, low cost, and high photo-
catalytic performance (Faisal et al., 2021; Senasu et al., 2021)

. However, ZnO has a wide band gap and low specific surface
area, restricting its photocatalyst usage. To overcome this
drawback, some methods like the formation of heterojunc-
tions, doping metal and non-metals, composition with materi-

als that have high specific surface area could be employed
(Abd-Elrahim and Chun, 2021); (Jiang et al., 2021) . Metal-
organic frameworks (MOFs) are porous materials consisting

of metal oxides in which rigid or semi-rigid organic linkers
are connected to them. MOFs have received significant atten-
tion in recent years due to their extremely high surface area

(Xiao et al., 2021; Hu et al., 2021; Zhang et al., 2021).
Among several kinds of MOFs, Zinc-based ones have

demonstrated great performance for various organic reactions

due to their unsaturated open copper metal sites (Zhang et al.,
2021; Tran et al., 2021; Karuppasamy et al., 2021; Li et al.,
2021). Compared to other MOFs, ZIF-8 metal–organic frame-
works (MOFs) have higher chemical and thermal stability.

However, recombination of excited electron holes competes
with photocatalytic performance. Accordingly, the combina-
tion of ZIF-8 with appropriate semiconductors reduces the

recombination rate of charge carriers and enhances photocat-
alytic activity (Faraji et al., 2021; Liu et al., 2021; Tuncel and
Ökte, 2021; Cui et al., 2021).

In this study, to tackle the drawbacks of ZnO and CuO
photocatalysts, novel CuO-ZnO/ZiF-8 with a different mass
percentage of ZiF-8 was prepared by ultrasound-assisted pre-
cipitation method as a convenient and fast synthesis. The syn-

thesized samples were studied in the photocatalytic removal of
organic dyes like Acid Orange 7, Methylene blue, and Mala-
chite green. XRD, FESEM, EDX, BET-BJH, DRS, and
pHpzc techniques were employed to characterize the physico-

chemical and optical properties of the as-prepared samples.
Also, the influence of some parameters like initial solution
pH, photocatalyst loading, and initial pollutant concentration

was investigated. Finally, photocatalytic stability and reusabil-
ity as crucial factors in industrial applications of semiconduc-
tors were examined.

2. Materials and methods

2.1. Materials

Materials used to prepare the photocatalysts were: 2-
Methylimidazole (C4H6N2, 99%; Sigma-Aldrich), Methanol

(CH3OH, 99.5%; Merck), Zinc nitrate hexahydrate (Zn
(NO3)2�6H2O; 98%; Sigma-Aldrich), Sodium hydroxide
(NaOH; 97%; Merck), Zinc acetate dihydrate (CH3COO)2-

Zn�2H2O; 99%; Merck), Copper(II) acetate monohydrate
(CH3COO)2Cu�H2O; 99%; Merck), Methylene blue
(C16H18ClN3S), Malachite green (C23H25N2), Acid orange 7

(C16H11N2NaO4S).

2.2. Nanophotocatalysts preparation and procedure

The synthesis process of CuO-ZnO-ZiF-8 is shown in Fig. 1.
The ultrasonic-assisted precipitation method was employed
to synthesize ZiF-8 and CuO-ZnO/ZiF-8 composite. First,
the required amount of 2-Methylimidazole and Zinc nitrate

were dissolved into 100 ml Methanol and mixed for 30 min.
Then, the resulting mixture was rested for 2 h at room temper-
ature. In the post-treatment step, the sample was washed with

Methanol and dried at 60 �C for 12 h. For the synthesis of
CuO-ZnO/ZiF-8 photocatalyst with different mass percentages
of ZiF-8, Zinc acetate, Copper acetate, and ZiF-8 was dis-

solved in de-ionized water and mixed for 30 min at 70 �C, after
that, under irradiation of ultrasound waves at a power of
70 W, sodium hydroxide solution was added drop-by-drop

to the solution until the pH was reached to 10. The mixture
was washed and filtered with distilled water and dried at
80 �C for 12 h in ambient air. Afterward, the obtained powders
were calcined at 350 �C for 3 h. Finally, the CuO-ZnO, CuO-

ZnO/ZiF-8(10), CuO-ZnO/ZiF-8(20), CuO-ZnO/ZiF-8(30),
and ZiF-8 nanophotocatalyst powders were obtained.

2.3. Nanophotocatalysts characterization techniques

X-ray powder diffraction (XRD) analysis was conducted by
D5000 diffractometer (Siemens, Germany) utilizing Cu-Ka

radiation with a wavelength of 1.54178 �A in 2h range of
5–65�to identify the crystalline structure and phase purity of
the prepared samples. The synthesized samples’ morphology

http://creativecommons.org/licenses/by-nc-nd/4.0/


Fig. 1 Fabrication of CuO-ZnO/ZiF-8 photocatalysts.
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and surface particle size distribution were investigated by field
emission scanning electron microscopy (FESEM) analysis

(Hitachi, Japan). Surface elemental dispersion of the prepared
samples was studied by energy-dispersive X-ray (EDX dot
mapping) analysis (BSE detector, VEGA/TESCAN, Czech

Republic). Surface functional groups of prepared samples were
studied by Fourier-Transform Infrared spectroscopy (FTIR,
UNICAM 4600) in 400–4000 cm�1 wavenumbers. N2 adsorp-

tion/desorption (BET-BJH) analysis was used to determine the
samples’ specific surface area and pore specifications on a
Chembet-3000 (Quantachrome, USA). The optical properties
of as-synthesized nanophotocatalysts were evaluated by the

ultraviolet–visible (UV–Vis) diffuse reflectance spectra (DRS)
analysis from wavelengths of 300 to 700 nm (Scinco 4100 spec-
trophotometer, Shimadzu, Japan).

2.4. Experimental setup for photocatalytic performance test

The synthesized samples’ performance was evaluated under

simulated sunlight by degradation of Acid Orange7 from
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water. The procedure was conducted as follows: 0.1 g of the
photocatalyst was added to a 100 ml aqueous solution contain-
ing 80 mg/L AO7 in a Pyrex photoreactor at ambient temper-

ature. To reach adsorption/desorption equilibrium the
resultant suspension stirred magnetically was located in the
dark for 40 min. Then, the photoreactor was exposed to a sim-

ulated sunlight source using a 400 W halogen lamp for
100 min. The photocatalytic reaction container was placed into
an ice bath to maintain the temperature at 25 �C. During the

photocatalytic reaction, sampling was performed at 20 min
intervals. After nanophotocatalyst powder separation by a
centrifuge for 15 min, the remained concentration of the
AO7 was measured by UV–Vis spectrophotometer (UV-

1800, BRAIC, China), and degradation efficiency was calcu-
lated as below:

Degradation Efficiency ¼ ð1� C

C0

Þ � 100% ð1Þ

C and C0 are final dye concentrations after simulated sun-
light exposure and initial dye concentration after the dark test,

respectively. The mentioned procedure was conducted for all
the samples.

3. Results and discussions

3.1. Nanophotocatalysts characterization

3.1.1. XRD Analysis

Fig. 2 shows XRD patterns of CuO-ZnO, CuO-ZnO/ZiF-8
(10), CuO-ZnO/ZiF-8(20), CuO-ZnO/ZiF-8(30), and ZiF-8.
As can be seen from patterns, the characteristic peaks at
around 2h = 31, 34, 36, 47, and 56� correspond to ZnO crys-

tals (JCPDS no. 00–036-1451) (Senasu et al., 2021); (Saini
Fig. 2 XRD patterns of CuO-ZnO/ZiF-8 photocatalysts: (a)

CuO-ZnO, (b) CuO-ZnO/ZiF-8 (10), (c) CuO-ZnO/ZiF-8 (20), (d)

CuO-ZnO/ZiF-8 (30), and (e) ZiF-8.
et al., 2020)). The characteristic peaks of cubic ZiF-8 were
observed at around 2h = 7, 11, 13, and 18� that is in good
agreement with the literature (Thanh et al., 2018); (Jing

et al., 2014). Also, no additional peaks of impurity were
observed in all patterns. As can be seen in the XRD patterns,
by increasing the ZiF-8 mass percentage in the samples, the

intensity of ZiF-8 characteristic peaks increases, which indi-
cates the formation of ZiF-8 crystalline phase over or into
the lattice of CuO-ZnO. These results are proved by FESEM,

EDX, BET-BJH, and FTIR analyses which will be discussed
below.

3.1.2. FESEM analysis

Scanning Electron Microscopy (FESEM) analysis was used to
study the surface morphology of the synthesized samples, and
the results are displayed in Fig. 3 and Fig. 4. As shown, bare

ZnO has a grain-like structure and is willing to aggregate,
whereas ZiF-8 has clearly distinctive morphology and accumu-
lates a cubic structure. As seen from the images, with the pres-
ence of ZiF-8 in the structure of photocatalysts, CuO-ZnO

particles are formed on the ZiF-8 cubes. Also, it is obvious that
the particles are well distributed on the surface of ZiF-8, which
can be attributed to the use of ultrasound irradiation in the

synthesis procedure. Proper distribution of CuO-ZnO not only
led to the high specific surface area but also increased the sam-
ples’ light absorption ability, which is explained in the BET-

BJH and UV–Vis DRS sections, respectively. In order to more
accurate evaluations of the FESEM results, detailed images of
CuO-ZnO/ZiF-8(20) and ZiF-8 are shown in Fig. 4. As it can

be seen, the regular distribution of CuO-ZnO particles over the
surface of ZiF-8 will result in the easy accessibility of the AO7
molecules to photocatalytic active sites and a great perfor-
mance in the degradation of it. These results are consistent

with the observations of EDX and BET-BJH analyses.

3.1.3. EDX analysis

Fig. 5 displays the results of the EDX-dot mapping analysis for

CuO-ZnO/ZiF-8(20) and ZiF-8. The existence of all used ele-
ments, including C, N, O, Cu, and Zn, over the surface of
the mentioned nanophotocatalysts and also the absence of

any impurity was proved by EDX analysis. Furthermore, there
are proportional relations between the peak intensity of each
surface element and the value of existing elements in the sam-

ple. So, according to this statement, these obtained results indi-
cate that the synthesized nanophotocatalysts have high purities
and their compositions are in good agreement with the pro-

posed mass percentages. This observation approves the XRD
results. Besides, the dispersion of the surface elements is uni-
form since utilizing ultrasound radiation during the synthesis
procedure. Thanks to the high purity and uniform dispersion

of elements without any agglomeration of CuO-ZnO/ZiF-8
(20), the effective separation of excited charge carriers,
enhanced availability of photocatalytic active sites, and conse-

quently, excellent photocatalytic performance under simulated
sunlight irradiation are expected over this nanophotocatalyst.

3.1.4. BET-BJH analysis

Fig. 6 exhibits the N2 adsorption/desorption isotherms and the
pore size distribution graphs of the CuO-ZnO, CuO-ZnO/ZiF-
8(20), and ZiF-8 samples, and the results are shown in Table 2.

The isotherms of the prepared samples belong to the type I



(a) ZnO (b) CuO-ZnO

(c) CuO-ZnO/ZiF-8(10) (d) CuO-ZnO/ZiF-8(20)

(e) CuO-ZnO/ZiF-8(30) (f) ZiF-8

Fig. 3 FESEM images of CuO-ZnO/ZiF-8 photocatalysts: (a) ZnO, (b) CuO-ZnO, (c) CuO-ZnO/ZiF-8 (10), (d) CuO-ZnO/ZiF-8 (20),

(e) CuO-ZnO/ZiF-8 (30), and (f) ZiF-8.
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(a) CuO-ZnO/ZiF-8(20)

(b) ZiF-8

Fig. 4 Detail FESEM images of CuO-ZnO/ZiF-8 photocata lysts:(a)CuO-ZnO/ZiF-8 (20), and (b)ZiF-8.
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with H4-type hysteresis loop. This isotherm confirms that

samples have microporous structures with approximately slit-
shaped pores (plates or edged particles like cubes). As shown
in the figure, by using BJH theory, all the samples possess

uniform distributions of the pores with an average diameter
of more than 3 nm, which clarifies the formation of
meso-structure in all samples. The specific surface area of

CuO-ZnO, CuO-ZnO/ZiF-8(20), and ZiF-8 were 12.3, 22.2,
and 234.5 m2/g, respectively. As expected, the addition of
ZiF-8 increased the specific surface area, which is proportional
to the improved dispersion of active catalytic sites. Also, the

pore volumes of 0.287, 0.240, and 0.103 cm3/g were obtained
for the mentioned samples, respectively. It is worthy of men-
tioning here that the high specific surface area of the photocat-

alysts will lead to more light absorption, high adsorption
ability of pollutant molecules. So, it is expected that the
obtained structural properties of the synthesized samples will
be proper for the penetration and adsorption of large dye

molecules.

3.1.5. FTIR analysis

Fig. 7 shows FT-IR spectra of CuO-ZnO, CuO-ZnO/ZiF-8

(20), and ZiF-8. The peak at 3445 cm�1 corresponds to water
molecules and hydroxyl groups or chemically adsorbed water
1–3. The peak at 450 cm�1 is related to Zn–N stretch mode

(Jing et al., 2014); (Gadipelli et al., 2014) . The peaks at
wavenumber around 950–1200 cm�1 are originated from
C–N stretch mode (Chen et al., 2014). Also, the bands at

1500–1600 cm�1 are correspond to vibrations of the phenyl
ring. The peak observed at wave numbers about 3000 cm�1

is attributed to the C = N stretch mode (Ordoñez et al.,
2010). So, the results of FTIR analysis are in consistence with

XRD analysis.
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Fig. 5 EDX analysis of CuO-ZnO/ZiF-8 photocatalysts: :(a)CuO-ZnO/ZiF-8 (20), and (b)ZiF-8.
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3.1.6. DRS analysis

Fig. 8 the results of UV–Vis DRS analysis for CuO-ZnO,
CuO-ZnO/ZiF-8(20), and ZiF-8. As can be seen, bare ZiF-8
has low light absorption, while the light absorption amount
of CuO-ZnO/ZiF-8(20) due to the presence of CuO-ZnO is
increased, and its maximum absorption edge has a red shift
at 630 nm. The band gap energies of the samples are calculated

using equation (2):

Eg ¼ 1240k0 ð2Þ



Fig. 6 Adsorption/Desorption isotherms and pore size distribution of CuO-ZnO/ZiF-8 photocatalysts: (a) CuO-ZnO, (b) CuO-ZnO/

ZiF-8 (20) and (c) ZiF-8.
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Eg and k0 are band gap energy and the wavelength of the
maximum absorption edge. The band gap energies for CuO-
ZnO, CuO-ZnO/ZiF-8(20), and ZiF-8 are 2.89, 1.96, and

5.34 eV, respectively. So, the composition of CuO-ZnO with
ZiF-8 increases light absorption amount and reduces the band
gap energy. Also, it leads to a decrease in the recombination
rate of induced electron-hole pairs; the schematic is shown in

Fig. 9. It is necessary to mention that the photo-absorption
ability of the photocatalyst shifts to the visible light region
by reduction of band gap energy. Therefore, regarding the

major part of the light source is in the visible light region, it
is anticipated that dye degradation from the aqueous solution
will be improved over CuO-ZnO/ZiF-8(20) sample.

3.1.7. pHpzc analysis

pHpzc is an important parameter in determining the surface
charge of solid materials. It should be noted that the pHpzc
value of the catalyst is significantly altered by changing the
synthesis method and the type of photocatalyst. In this study,
pHpzc of CuO-ZnO/ZiF-8(20) is measured using the drifting

method, and the result is presented in Fig. 10. As can be seen,
pHpzc was found to be 7.5. When the initial solution pH is
lower than pHpzc, the surface charge of the semiconductor is
positive, and when it is higher than pHpzc, it has a negative sur-

face charge.

3.2. Photocatalytic degradation of organic dyes

3.2.1. Catalytic performance toward various dyes

Acid Orange 7, Methylene blue, and Rhodamine B dyes were

chosen as target pollutants which the physicochemical proper-
ties are listed in Table 1. Fig. 11 illustrates the adsorption abil-
ity and photo-degradation of mentioned dyes over CuO-ZnO/

ZiF-8(20). As shown in Fig. 11 a, the AO7 adsorption over this



Table 1 Physicochemical properties of organic dyes.

Organic Dye Chemical

Formula

Chemical Structure Molecular Weight

(g/mol)

Solubility in Water (g/

L)

kmax

(nm)

Methylene Blue C16H18ClN3S 319.85 43.6 665

Malachite

Green

C23H25N2 364 40 616

Acid orange 7 C16H11N2NaO4S 350.32 116 485

Table 2 Structural properties CuO-ZnO/ZiF-8 photocatalysts.

Nanocatalyst CuO

(wt.%)

ZnO

(wt%)

ZiF-8

(wt.%)

Ultrasound Irradiation SBET
(m2/g)

VP

(cm3/g)

DP (nm) k0 (nm) Band Gap (eV)

Time (min) Power (W)

ZnO – 100 – 30 60 – – – – –

CuO-ZnO 5 95 – 30 60 12.3 0.287 48.7 428 2.89

CuO-ZnO/ZiF-8(10) 5 85 10 30 60 – – – – –

CuO-ZnO/ZiF-8(20) 5 75 20 30 60 22.2 0.240 43.2 630 1.96

CuO-ZnO/ZiF-8(30) 5 65 30 30 90 – – – – –

ZiF-8 – – 100 – – 234.5 0.103 1.7 232 5.34
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nanocomposite was the highest compared to MB and MG.
According to Fig. 11 b, this nanophotocatalyst has the ability

to remove various dye pollutants, and the removal rate of
AO7, MB, and MG was found to be 98.1, 59, and 51%,
respectively.

3.2.2. Influence of composition

Fig. 12 shows the results of photocatalytic activity of ZnO,
CuO-ZnO, CuO-ZnO/ZiF-8(10), CuO-ZnO/ZiF-8(20),

CuO-ZnO/ZiF-8(30), and ZiF-8. According to Fig. 12 (a),
the amounts of AO7 adsorption capability were 5, 13, 22, 28,
36 and 53%, respectively. As can be seen, bare ZnO adsorbed

only 5% of AO7, and by increasing ZiF-8 weight percentages,
AO7 absorption capability was enhanced. As mentioned
above, the low adsorption rate of AO7 over ZnO can be
assigned to the low specific surface area. According to

Fig. 12 (b), removal rates of AO7 over ZnO, CuO-ZnO,
CuO-ZnO/ZiF-8(10), CuO-ZnO/ZiF-8(20), CuO-ZnO/ZiF-8
(30), and ZiF-8 were 19, 35, 60, 98.1, 84 and 12%, respectively.
As it is evident, CuO-ZnO/ZiF-8(20) has the highest removal

rate of AO7 in accordance with the result DRS analysis. The
presence of ZiF-8 causes the uniform distribution of the active
phase and higher surface accessibility toward the pollutant

molecules.

3.2.3. Influence of pH

Effect of initial solution pH on photocatalytic activity of CuO-

ZnO/ZiF-8(20), was investigated and the results are shown in
Fig. 13. As shown, the AO7 degradation over this sample
was higher at initial solution pH = 7 compared to other pH

values. This observation can be explained by the result of
pHpzc, which was obtained in the corresponding section
(pHpzc = 7.5). As AO7 is an anionic dye and since in the
pH = 4 the photocatalyst surface is positive, they excessively

attract each other. In pH = 10, the photocatalyst surface is
negative, so it repels AO7 molecules, resulting in a significantly



Fig. 7 FTIR analysis of CuO-ZnO/ZiF-8 photocatalysts: (a)

CuO-ZnO, (b) CuO-ZnO/ZiF-8 (20) and (c) ZiF-8.

Fig. 9 Schematic between charge generation and transfer for

CuO-ZnO/ ZiF-8 (20).
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reduced contaminant adsorption in these pHs, and photocat-
alytic activity decreases. Hence, in pH values near pHpzc, the
degradation of the pollutants reached to its maximum value

due to proper hydroxyl radical adsorption on the catalyst sur-
face, where a major part of degradation occurs.

3.2.4. Influence of photocatalyst loading

Photocatalyst loading is one of the vital parameters on the
photocatalytic activity and pollutant removal rate. As can be
Fig. 8 DRS analysis of CuO-ZnO/ZiF-8 photocatal
seen from Fig. 14, the effect of photocatalyst loading as one
of the most important parameters on the photodegradation
of AO7 was scrutinized. Three different amounts of 0.5 gr/

Lit, 1gr/Lit, 2gr/Lit of CuO-ZnO/ZiF-8(20) were investigated
in the photocatalytic removal of AO7 and photo removal effi-
ciency of AO7 was obtained 40, 98.1, and 79, respectively.
According to the obtained results, by increasing the photocat-

alyst dosage from 0.5 to 1 gr/L, the photodegradation rate was
enhanced due to the increase in active sites. However, photo-
catalytic activity was decreased when the photocatalyst raised

to 2 g/L degradation rate was decreased, which can contribute
to the photocatalyst particles agglomeration.
ysts: CuO-ZnO, CuO-ZnO/ZiF-8 (20) and ZiF-8.



Fig. 11 Photocatalytic performance of CuO-ZnO/ZiF-8 photo-

catalyst on solar-light-driven photocatalytic degradation of

organic dyes: (a) adsorption and (b) degradation.

Fig. 12 Influence of composition on solar-light-driven photo-

catalytic degradation of Acid Orange 7 over CuO-ZnO/ZiF-8

photocatalyst: (a) adsorption and (b) degradation.

Fig. 13 Influence of pH on solar-light-driven photocatalytic

degradation of Acid Orange 7 over CuO-ZnO/ZiF-8 (20)

photocatalyst.

Fig. 10 pHpzc of CuO-ZnO/ZiF-8 (20) photocatalyst.

Fabrication of ZiF-8 metal organic framework (MOFs)-based CuO-ZnO photocatalyst 11
3.2.5. Effect of acid orange 7 concentration

As shown in Fig. 15, the effect of the different initial

concentrations of AO7 on the photocatalytic activity of
CuO-ZnO/ZiF-8(20) was evaluated. According to the results,
the degradation rate in 60, 80,100 and 120 mg/L of AO7 solu-
tion using CuO-ZnO/ZiF-8(20) was obtained 87.1, 98.1, 80.2
and 56.1%, respectively. As it can be seen, the results imply

that., by increasing AO7 concentration, the photocatalytic per-
formance of CuO-ZnO/ZiF-8(20) was decreased due to the sat-
uration of photocatalyst surface with AO7 and water
transparency reduction.



Fig. 15 Influence of pollutant concentration on solar-light-

driven photocatalytic degradation of Acid Orange 7 over CuO-

ZnO/ZiF-8 (20) photocatalyst.

Fig. 14 Influence of catalyst loading on solar-light-driven

photocatalytic degradation of Acid Orange 7 over CuO-ZnO/

ZiF-8 (20) photocatalyst.

Fig. 16 Reusability of CuO-ZnO/ZiF-8 (20) photocatalyst

toward solar-light-driven photocatalytic degradation of Acid

Orange 7.
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3.2.6. Reusability study

Photocatalytic stability and reusability are some of the key fac-

tors in the industrial applications of semiconductors. Most
photocatalysts undergo photo-corrosion when exposed to
high-energy photons. Hence, this phenomenon should be
examined in the synthesized nanophotocatalysts. To investi-

gate the optical and chemical stability of CuO-ZnO/ZiF-8
(20) nanocomposite, it was exposed to simulated sunlight irra-
diation under the mentioned conditions for 100 min. Then, the

photocatalysts were separated by centrifugation, washed with
distilled water, and dried at 100 �C for 3 h. The dried photo-
catalyst was used again. This procedure was repeated four

times, and photocatalytic degradation was measured at each
stage. The results are shown in Fig. 16. As can be seen, at
the end of the fourth cycle, the AO7 degradation amount

was decreased by 16%. This decrease in adsorption rate is
maybe because of the accumulation of AO7 molecules on the
surface of photocatalyst, which affects the absorption of pollu-
tants and reduces the photocatalytic activity of catalyst.
3.3. Kinetic study

In order to scrutinize the decomposition reaction kinetics of
AO7 over the synthesized nanophotocatalysts, the apparent
pseudo-first-order degradation reaction rate contents using

the equation (2) were estimated:

lnðC0CÞ ¼ kt ð3Þ
In this equation, C0, C, t, and k are the initial concentrations

of the organic dye, the concentration of the dye at each time of
the reaction, radiation time of the visible light, and the rate con-

stants of reaction, respectively. The graph gradient can be used
to determine the value of k. According to Fig. 17, the graph of ‘t’
is very close to the straight line in terms of ln(C0/C), and these

results prove that the photocatalytic degradation of AO7 is con-
sistent with the first-order reaction. According to the figure, the
initial reaction rate constants for the ZnO, CuO-ZnO, CuO-

ZnO/ZiF-8(10), CuO-ZnO/ZiF-8(20), CuO-ZnO/ZiF-8(30),
and ZiF-8 were obtained 0.003, 0.0065, 0.0123, 0.0295, 0.0190,
and 0.0046 respectively. The higher performance of the CuO-

ZnO/ZiF-8(20) sample can be attributed to proper morphology
and structure, high surface area, large pore volume and diame-
ter, high light absorption ability, and low recombination rate of
excited electron-hole pairs, which were proven by FESEM,

BET-BJH, and DRS analyses.



Fig. 17 Kinetic consideration of CuO-ZnO/ZiF-8 (20) photocatalyst toward removal of Acid Orange 7 under simulated solar light: (a) -

ln(C/C0) and (b) rate constant.
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4. Conclusions

In this study, CuO-ZnO/ZiF-8 was used to remove organic

dyes from water. ZnO has a wide band gap, and low specific
surface area that affects its photocatalytic activity. In this
regard, various percentages (10, 20, and 30%) of ZiF-8 were
applied with CuO-ZnO. CuO-ZnO/ZiF-8(20) showed the

highest photocatalytic activity by removal of 98.1% AO7
80 mg/L in 100 min under simulated solar light irradiation.
As a result, 20 % W/W is a suitable composition of CuO-

ZnO/ZiF-8 because of improved physicochemical and optical
properties. The influence of some operation parameters, such
as initial pH, photocatalyst dosage, and pollutant concentra-

tion, were investigated. According to the results, the highest
photocatalytic activity of CuO-ZnO/ZiF-8(20) was achieved
in the initial pH = 7, 1 g/L photocatalyst loading, and

80 mg/L AO7. Also, dropping only 16% in the activity
under the optimum conditions after four cycles proved pho-
tocatalyst’s high stability. Therefore, the novel CuO-ZnO/
ZiF-8 photocatalyst can be a promising solution in removing

organic dyes.
Declaration of Competing Interest

The authors declare that they have no known competing
financial interests or personal relationships that could have

appeared to influence the work reported in this paper.
Acknowledgements

The authors gratefully acknowledge the University of Tabriz

and the Sahand University of Technology for the financial sup-
port of the research, as well as the Iran Nanotechnology Initia-
tive Council and Water and wastewater Company of Tabriz

for complementary financial supports.

References

A. Najafidoust, M. Haghighi, E. Abbasi Asl, and H. Bananifard,

‘‘Sono-solvothermal design of nanostructured flowerlike BiOI pho-

tocatalyst over silica-aerogel with enhanced solar-light-driven prop-

erty for degradation of organic dyes,” Sep. Purif. Technol., vol. 221,

pp. 101–113, Aug. 2019, doi: 10.1016/J.SEPPUR.2019.03.075.

Najafidoust, A., Abbasi Asl, E., Kazemi Hakki, H., Sarani, M.,

Bananifard, H., Sillanpaa, M., Etemadi, M., 2021. Sequential

impregnation and sol-gel synthesis of Fe-ZnO over hydrophobic

silica aerogel as a floating photocatalyst with highly enhanced

photodecomposition of BTX compounds from water. Sol. Energy

225, 344–356. https://doi.org/10.1016/j.solener.2021.07.035.

Abbasi Asl, E., Haghighi, M., Talati, A., 2020. Enhanced simulated

sunlight-driven magnetic MgAl2O4-AC nanophotocatalyst for

efficient degradation of organic dyes. Sep. Purif. Technol. 251,

117003. https://doi.org/10.1016/j.seppur.2020.117003.

Abbasi Asl, E., Haghighi, M., Talati, A., 2019. ‘‘Sono-solvothermal

fabrication of flowerlike Bi7O9I3-MgAl2O4 p-n nano-heterostruc-

ture photocatalyst with enhanced solar-light-driven degradation of

methylene blue”, May. Sol. Energy 184, 426–439. https://doi.org/

10.1016/J.SOLENER.2019.04.012.

https://doi.org/10.1016/j.solener.2021.07.035
https://doi.org/10.1016/j.seppur.2020.117003
https://doi.org/10.1016/J.SOLENER.2019.04.012
https://doi.org/10.1016/J.SOLENER.2019.04.012


14 B. Abdollahi et al.
Sarani, M., Bazookar Joshaghani, A., Najafidoust, A., Abbasi Asl, E.,

Kazemi Hakki, H., Bananifard, H., Sillanpaa, M., 2021. Sun-light

driven photo degradation of organic dyes from wastewater on precip-

itation Ag2CrO4 over SiO2-aerogel and nano silica. Inorg. Chem.

Commun. 133, 108877. https://doi.org/10.1016/j.inoche.2021.108877.

Kazemi Hakki, H., Shekari, P., Najafidoust, A., Dezhvan, N., Seddighi

Rad,M., 2021. InfluenceofCalcinationTemperature andOperational

Parameters on Fe-ZSM-5 Catalyst performance in Sonocatalytic

Degradation of Phenol from wastewater. J. Water Environ. Nan-

otechnol. 6 (2), 150–163. https://doi.org/10.22090/jwent.2021.02.005.

Wang, Q. et al, 2021. Magnetic amino-functionalized-MOF(M = Fe,

Ti, Zr)@COFs with superior biocompatibility: Performance and

mechanism on adsorption of azo dyes in soft drinks. Chem. Eng. J.

420,. https://doi.org/10.1016/j.cej.2021.129955 129955.

Gu, M., Yin, Q., Wu, G., 2021. Metagenomic analysis of facilitation

mechanism for azo dye reactive red 2 degradation with the dosage

of ferroferric oxide. J. Water Process Eng. 41, 102010. https://doi.

org/10.1016/j.jwpe.2021.102010.

Shen, Y., Zhu, K.e., He, D., Huang, J., He, H., Lei, L., Chen, W.,

2022. Tetracycline removal via adsorption and metal-free catalysis

with 3D macroscopic N-doped porous carbon nanosheets: Non-

radical mechanism and degradation pathway. J. Environ. Sci. 111,

351–366. https://doi.org/10.1016/j.jes.2021.04.014.

M. K. A. B. Ahmad Najafidoust, Hamid Kazemi Hakki, Hossein

Alinezhad Avalzali, ‘‘The role of Diethanolamine as stabilizer in

controlling morphology, roughness and photocatalytic activity of

ZnO coatings in sonophotodegradation of Methylene Blue,”

Mater. Res. Express , vol. 6, 2019, doi: 10.1088/2053-1591/ab2a43.

A. Najafidoust, S. Allahyari, N. Rahemi, and M. Tasbihi, ‘‘Uniform

coating of TiO2 nanoparticles using biotemplates for photocat-

alytic wastewater treatment,” Ceram. Int., vol. 46, no. 4, pp. 4707–

4719, Mar. 2020, doi: 10.1016/J.CERAMINT.2019.10.202.

Hamidian, K., Najafidoust, A., Miri, A., Sarani, M., 2021. Photocat-

alytic performance on degradation of Acid Orange 7 dye using

biosynthesized un-doped and Co doped CeO2 nanoparticles.

Mater. Res. Bull. 138, 111206. https://doi.org/10.1016/

j.materresbull.2021.111206.

Miri, A., Mahabbati, F., Najafidoust, A., Miri, M.J., Sarani, M., 2020.

Nickel oxide nanoparticles: biosynthesized, characterization and

photocatalytic application in degradation of methylene blue dye.

Inorg. Nano-Metal Chem., 1–10 https://doi.org/10.1080/

24701556.2020.1862226.

Abdollahi, B., Shakeri, A., Aber, S., Sharifi Bonab, M., 2018.

Simultaneous photodegradation of acid orange 7 and removal of

Pb2+ from polluted water using reusable clinoptilolite–TiO2

nanocomposite. Res. Chem. Intermed. 44 (3), 1505–1521. https://

doi.org/10.1007/s11164-017-3181-3.

Khataee, A., Arefi-Oskoui, S., Abdollahi, B., Hanifehpour, Y., Joo, S.

W., 2015. Synthesis and characterization of PrxZn1�xSe nanopar-

ticles for photocatalysis of four textile dyes with different molecular

structures. Res. Chem. Intermed. 41 (11), 8425–8439. https://doi.

org/10.1007/s11164-014-1901-5.

Faisal, M., Alsaiari, M., Rashed, M.A., Harraz, F.A., 2021. Biomass-

derived active Carbon@ZnO/SnO2 novel visible-light photocata-

lyst for rapid degradation of linezolid antibiotic and imidacloprid

insecticide. J. Taiwan Inst. Chem. Eng. 120, 313–324. https://doi.

org/10.1016/j.jtice.2021.03.015.

Senasu, T., Chankhanittha, T., Hemavibool, K., Nanan, S., 2021.

Visible-light-responsive photocatalyst based on ZnO/CdS

nanocomposite for photodegradation of reactive red azo dye and

ofloxacin antibiotic. Mater. Sci. Semicond. Process. 123, 105558.

https://doi.org/10.1016/j.mssp.2020.105558.

Abd-Elrahim, A.G., Chun, D.-M., 2021. Room-temperature deposition

of ZnO-graphene nanocomposite hybrid photocatalysts for improved

visible-light-driven degradation of methylene blue. Ceram. Int. 47 (9),

12812–12825. https://doi.org/10.1016/j.ceramint.2021.01.142.

Jiang, X., Huang, L., Li, J., Zhang, L., Guo, X., Li, Y., Sun, X., 2021. A

novel strategy to construct the superior performance of 3D multi-
shell CeO2/ZnO@ZnS as a reusable sunlight-driven ternary photo-

catalyst for highly efficient water remediation. J. Environ. Chem.

Eng. 9 (4), 105608. https://doi.org/10.1016/j.jece:2021.105608.

Xiao, Y., Guo, X., Yang, N., Zhang, F., 2021. Heterostructured MOFs

photocatalysts for water splitting to produce hydrogen. J. Energy

Chem. 58, 508–522. https://doi.org/10.1016/j.jechem.2020.10.008.

Hu,W., Rao, C., Chen, C., Liao, Z., Srivastava, D., Kumar, A., 2021. Zn

(II)-MOF with flexible dicarboxylate ligand with different N-donor

linkage as photocatalyst for aromatic dye degradation. Inorg. Chem.

Commun. 130, 108685. https://doi.org/10.1016/j.inoche.2021.108685.

Zhang, C., Zhang, J., Ou, K., Liu, Y., Guo, Z., Chen, X.i., Cheng, G.,

Hu, F., 2021. ZIF-8-coated CdS popcorn-like photocatalyst with

enhanced visible-light-driven photocatalytic activity for degrada-

tion of toluene. Colloids Surfaces A Physicochem. Eng. Asp. 615,

126257. https://doi.org/10.1016/j.colsurfa.2021.126257.

Tran, N.T., Trung, L.G., Nguyen, M.K., 2021. The degradation of

organic dye contaminants in wastewater and solution from highly

visible light responsive ZIF-67 monodisperse photocatalyst. J. Solid

State Chem. 300, 122287. https://doi.org/10.1016/j.jssc.2021.122287.

Karuppasamy, K., Rabani, I., Vikraman, D., Bathula, C., Theertha-

giri, J., Bose, R., Yim, C.-J., Kathalingam, A., Seo, Y.-S., Kim, H.-

S., 2021. ZIF-8 templated assembly of La3+-anchored ZnO

distorted nano-hexagons as an efficient active photocatalyst for

the detoxification of rhodamine B in water. Environ. Pollut. 272,

116018. https://doi.org/10.1016/j.envpol.2020.116018.

Li, X., Raza, S., Liu, C., 2021. Enhanced photo-catalytic efficiency

through dual-functional ZIF based materials: Fabrication and

application as a degradation of organic dyes. J. Taiwan Inst. Chem.

Eng. 120, 368–380. https://doi.org/10.1016/j.jtice.2021.03.022.

Faraji, A., Mehrdadi, N., Mahmoodi, N.M., Baghdadi, M., Pardakhti,

A., 2021. Enhanced photocatalytic activity by synergic action of

ZIF-8 and NiFe2O4 under visible light irradiation. J. Mol. Struct.

1223, 129028. https://doi.org/10.1016/j.molstruc.2020.129028.

Liu, Y., Cheng, H., Cheng, M., Liu, Z., Huang, D., Zhang, G., Shao, B.,

Liang,Q., Luo,S.,Wu,T.,Xiao, S.a., 2021. The applicationofZeolitic

imidazolate frameworks (ZIFs) and their derivatives based materials

for photocatalytic hydrogen evolution and pollutants treatment.

Chem. Eng. J. 417, 127914. https://doi.org/10.1016/j.cej.2020.127914.
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