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Summary: In recent years, the environmental pollution caused by organic dyes has become more and 

more serious, so the removal of organic dyes has been paid more and more attention. In this work, 

ZnSe/CoSe was synthesized by hydrothermal method, and the activity of the composite photocatalytic 

materials was detected by visible light catalytic degradation of methylene blue. The nanocomposites 

were characterized by Scanning Electron Microscope (SEM), Transmission Electron Microscope 

(TEM), Energy Dispersive Spectrometer (EDS), X-ray Powder Diffraction (XRD), Ultraviolet Diffuse 

Reflection Spectrum (UV-Vis), Brunner−Emmet−Teller Measurements (BET), and X-ray 

Photoelectron Spectroscopy (XPS). The catalytic effect was the most obvious when the composite 

ratio was 1:7.5, with the removal rate reaching to 99.4 % of 20 mg/L MB within 120 min of visible 

light irradiation. Therefore, ZnSe/CoSe has a broader application prospect due to its high efficiency 

and low price. 
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Introduction 

 

Due to the water solubility of dyes, industrial 

wastewater severely pollutes surrounding 

environment and affects biological health [1]. As 

environmental problems become more serious, neither 
physical nor chemical methods can be used to treat 

waste water economically and effectively, so scientists 

are looking for more cost-effective ways to solve this 

problem [2]. Solar energy has become one of the most 

ideal ways to degrade dye wastewater because it is 

clean, convenient and economical. Scientists have 

discovered many effective photocatalysts, such as 

TiO2. The photocatalytic activity is determined by the 

band gap and electron configuration of the material, 

and it is also affected by the light absorption capacity, 

porous structure and charge transfer characteristics of 

the material [3]. Only when the absorbed photons are 
converted into electron-hole pairs, electron-hole pairs 

are separated and transported, and electron structures 

exist on the particle surface, can the photocatalyst have 

strong photocatalytic efficiency, that is, high catalytic 

activity [4]. However, most of the existing 

photocatalysts have low photodegradation efficiency, 

difficult recovery and complex preparation process. 

Therefore, developing economical photocatalyst with 

high degradation and photodegradation rates is the 

primary problem that scientists need to solve. 

 
In recent years, semiconductor material ZnSe 

has attracted more and more attention in the field of 

production and life due to its superior chemical 

stability [5, 6], such as wide direct band gap of 2.7 eV, 

large exciton binding energy of 22 meV, high 

transparency in the wide range of 0.5–22 μm and small 

exciton Bohr diameter of 9 nm, and its potential 

applications in light-emitting devices [7], photo 

detectors [8], solar cells [9] and infrared optical 
devices [10]. ZnSe is an extremely stable substance, 

often manifested as sphalerite structure [11]. Through 

experiments, scientists have proved that ZnSe has a 

strong photoelectric effect, so it is believed that ZnSe 

can replace many toxic materials for industrial 

production [12]. 

 

In recent years, Co has been considered to 

improve the optical, electrical and magnetic properties 

of semiconductors due to its special properties as a 

transition metal. Therefore, the modification of Co by 

doping has been extensively studied. Adding dopant to 
semiconductor has become one of the effective 

methods to improve photocatalytic efficiency [13, 14]. 

 

Therefore, in order to improve the catalytic 

activity and promote the utilization of active 

components [15], the catalytic efficiency of 

ZnSe/CoSe on methylene blue solution under different 

conditions was studied by doping CoSe in ZnSe to 

study the optimal catalytic efficiency under the 

optimal conditions. 
 

Experimental 
 

Reagents 
 

Methylene blue (MB) was purchased from 

Tianjin Guangfu Fine Chemical Research Institute. 
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Zinc chloride (ZnCl2) and cobalt chloride 

(CoCl2·6H2O) were purchased from Shanghai Aladdin 

Biochemical Technology Co., LTD. Sodium selenite 

(Na2SeO3), ethanolamine (C2H7NO) and anhydrous 

ethanol (C2H6O) were purchased from Sinopharm 

Group Chemical Reagent Co., LTD. Hydrazine 
hydrate was purchased from Tianjin Bodi Chemical 

Co. LTD. All reagents were of analytical grade. 

 

Preparation of ZnSe 

 

0.136 g of ZnCl2 and 0.845 g of Na2SeO3 

were dissolved in 6mL of deionized water, and then 24 

mL of ethanolamine and 6 mL of hydrazine hydrate 

were added slowly during stirring. The mixture was 

stirred for 45 min until the solution was evenly and 

fully mixed. The mixed solution was then poured into 
the Teflon reactor for reaction for 24 h in the air-blown 

drying oven at 140 ℃. After the reaction, the reactor 

was naturally cooled down to room temperature. 

Subsequently, it was washed alternately with 

anhydrous ethanol and deionized water and then dried 

for 12 h in a vacuum drying oven at 50 ℃. Finally, the 

prepared ZnSe was well preserved. 

 

 
Preparation of ZnSe/CoSe nanocomposite 

photocatalyst 

 

0.136g ZnCl2, 0.845g Na2SeO3 and different 

proportions of CoCl2 powder were dissolved in 6mL 

deionized water. 24 mL of ethanolamine and 6 mL of 
hydrazine hydrate were added during stirring. The 

mixed solution was then poured into the Teflon reactor 

for reaction for 24 h in an air-blown drying oven at 140 

℃. After the reaction, the reactor was naturally cooled 

down to room temperature. Subsequently, it was 

washed alternately with anhydrous ethanol and 

deionized water and then dried for 12 h in a vacuum 

drying oven at 50 ℃. Finally, the prepared nano-

catalyst was well preserved. 

 

 
Photocatalysis experiment 

 

A certain amount of samples were weighed, 

mixed with MB solutions of different concentrations 
and volumes, stirred for 40 min under dark conditions, 

and sampled after reaching adsorption equilibrium. 

500 W fluorescent lamp was turned on as the light 

source, and reaction lasted for 120 min, and sampled 

six times during the process. The samples were 

centrifuged and the supernatant was taken at the 

wavelength of 664 nm to measure the absorbance of 

the samples. The degradation rate was calculated 

separately to find out the optimal degradation 

conditions. The above experiments were repeated with 

the prepared ZnSe and ZnSe/CoSe, respectively. 

Results Analysis and Discussion 

 

Table-1 shows the element distribution 
represented by EDS of ZnSe/CoSe. As can be seen 

from Table-1, CoSe was successfully synthesized in 

ZnSe/CoSe photocatalytic material. 

 

Table-1: EDS of ZnSe/CoSe. 
Element Quality (%) Atom (%) 

Co 2.60 3.17 

Zn 42.34 46.61 

Se 55.07 50.21 

 

 
 

 
 

Fig. 1: (a) TEM of ZnSe/CoSe; (b) TEM of ZnSe. 
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Fig. 2: EDS image of ZnSe/CoSe. 

 

The TEM images of ZnSe/CoSe and ZnSe are 

shown in Fig. 1 (a) and (b), respectively. As can be seen 
in Fig. 1(a), the size of the ZnSe/CoSe was about 200 nm 

and it was composed of many lamellar structures and 

agglomerates of nanoparticles. As shown in Fig. 1 (b), the 

ZnSe material obtained had a lamellar structure. 

Therefore, ZnSe/CoSe had a larger specific surface area, 

which provided more sites for the attachment of organic 

substances and was more conducive to the photocatalytic 

treatment of organic substances. 

 

Fig. 2 shows the EDS image of ZnSe/CoSe. 

According to the Fig, there were Zn, Se and Co elements 

in the catalyst sample. 
 

 
 

Fig. 3: XRD images of ZnSe and ZnSe/CoSe. 

 

Fig. 3 shows the XRD images of ZnSe/CoSe 

and ZnSe. As shown in Fig. 3, the peaks were assigned to 

the diffractions from (111), (220), (311), (400), and (331) 

planes of the cubic zinc blende phase of ZnSe, 

respectively, which agrees well with the PDF card 

(JCPDS file #37-1463). Moreover, no diffraction peaks 

from Zn or other impurities were observed within the 

detection limit [16], which indicates that the prepared 

ZnSe was standard with no impurities.  

 
The diffraction pattern of ZnSe/CoSe 

nanocomposite photocatalyst is consistent with that of 

ZnSe, and the diffraction peak of CoSe appeared in the 

spectrum, indicating the existence of cobalt and 

selenium.  

 

 
 

 
 

Fig. 4: UV-Vis absorption spectra (a) and estimated 

band gaps (b) of ZnSe/CoSe. 

 
UV-Vis was performed on ZnSe/CoSe to 

further study the optical property, as shown in Fig. 4 (a). 

It can be seen from the Fig that the absorbance band of 

ZnSe/CoSe was within the range of 200 ~300 nm. 

Compared with other materials, the absorption band edge 

redshifted to a longer wavelength [17], indicating that the 

band gap of ZnSe/CoSe was bigger. The absorption band 

gap (Eg) can be determined by Eq. (1): 

 

(αhν)
2
=A(hν-Eg).    (1) 
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where ℎ𝜈 is the photon energy (eV), 𝐴 is the absorption 

coefficient, 𝛼 is a constant, and Eg is the band gap. The 

band gap can be estimated by extrapolating the linear 

region in a plot of (αhν)
2
 versus photon energy [18]. As 

shown in Fig. 4 (b), the band gap energy of ZnSe/CoSe 

is estimated to be 2.63 eV.  
 

 
 

 
 

Fig. 5: (a) BET isotherm linear plot of ZnSe/CoSe; (b) 

BET surface area plot of ZnSe/CoSe. 

 

The BET isotherm linear plot and surface area 

plot of ZnSe/CoSe are shown in Fig. 5 (a) and (b), 

respectively. As shown in Fig. 5 (a), the isothermal 

adsorption of the composite-stripping is of IV type. When 

𝑃/𝑃0 = 0~0.5, gentle adsorption quantity increased. 

When 𝑃/𝑃0= 0.5~0.8, adsorption increased sharply and 

the sample size was relatively uniform. When 𝑃/𝑃0 

continued to increase, stripping isotherm would not 
coincide with the adsorption isotherm, instead stripping 

isotherm was at the top of the adsorption isotherm. 

Therefore, the material accumulated to form a 

mesoporous hole. 

 

STP per gram of ZnSe/CoSe paved single 

molecular layer with an area of 6.87254 m2. The equation 

of specific surface area obtained by BET is Eq. (2) and 

Eq. (3): 

 
S

m2/g
=6.873×Vm    (2) 

 

Vm=
1

(a+b)
. .    (3) 

 

It can be seen from Fig. 6 (c) and (d) that the 

specific surface area of ZnSe/CoSe was1.0004 m2/g, so it 

is inferred that ZnSe/CoSe had a large specific surface 

area and strong photocatalytic effect. 

 

ZnSe/CoSe nanocomposite was further 

characterized by XPS analysis, as shown in Fig. 6. There 

were five peaks of Zn, Se, Co, O and C in the samples, 

and their binding energies were 1024.6 eV, 142.1 eV, 

793.6 eV, 531.4 eV and 178.7 eV, respectively. Zn 2p, Se 
3d, Co 2p, O 1s and C 1s. XPS results are consistent with 

EDS results in Fig. 2 [19]. 

 

The binding energies obtained in the XPS 

analyses were calibrated by referring the C 1s peak to 

284.6 eV [20]. The Co spectrum showed two major peaks 

at 779.6 and 793.4 eV (Fig. 6 (b)), which showed a slight 

shift compared with that of pure cobalt (778.5 eV, 794 

eV), which could be assigned to the binding energies of 

Co 2p3/2 and Co 2p1/2, respectively [21]. This confirms the 

existence of Co2+ in the ZnSe/CoSe hybrid catalysts. 
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Fig. 6: (a) XPS spectra of ZnSe/CoSe, high-resolution spectrum of ZnSe/CoSe for Co 2 p (b), ZnSe/CoSe for 

O 1 s (c), ZnSe/CoSe for Se 3 d (d), ZnSe/CoSe for Zn 2 p (e), ZnSe/CoSe for C 1 s (f). 

 

Properties of ZnSe/CoSe nanocomposite 
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Fig. 7: Under the same condition, the removal effects of ZnSe and ZnSe/CoSe on MB (a). Removal effects of 

ZnSe/CoSe on MB in different proportions (b). Removal effects of ZnSe/CoSe on MB at different 

concentrations (c). Removal effects of ZnSe/CoSe on MB under different dosages (d). Removal effects of 
ZnSe/CoSe on MB under different light intensities (e). 

 

According to Fig. 7 (a), under the same 

conditions, the degradation rates of ZnSe and ZnSe/CoSe 

were 28.7% and 99.4 %, respectively. Due to the large 

specific surface area of composite photocatalysis, the 

adsorption and photocatalytic effects of doped catalysts 

were significantly better than those of single catalyst. 
 

Fig. 7 (b) shows that the degradation rate of 

methylene blue by ZnSe/CoSe increased first and then 

decreased as the doping ratio of CoSe element increased. 
When the ratio of Zn: CoSe was 1:2.5, 1:5, 1:7.5, 1:10 

and 1:12.5, the degradation rate of methylene blue by the 

nanocomposite photocatalyst was 53.9 %, 69.7 %, 96.1 

%,69.3 % and 55.1 %, respectively. According to the 

above data, the degradation rate of methylene blue by the 

nanocomposite photocatalyst was the largest when the 

ratio of Zn: CoSe was 1:7.5. As the proportion of CoSe 

increased, the specific surface area of the nanocomposite 

photocatalyst and the adsorption capacity of methylene 

blue increased. However, when the optimal doping ratio 

was reached and the proportion of CoSe continued to 
increase, the activity and photocatalytic efficiency of 

ZnSe decreased. 
 

Using the same experimental method, the 

photocatalytic efficiency under different conditions was 

successively tested, as shown in Fig. 7(c) (d) and (e). It 

was found that ZnSe/CoSe photocatalyst with a ratio of 

0.03 g Zn/CoSe of 1:7.5 had the highest degradation rate 

for methylene blue solution of 20 mg/L under the 

condition of 500 W light intensity. 
 

With the increase of methylene blue 

concentration and the amount of catalyst added, the 
specific surface area of the photoreaction of 

nanocomposite photocatalyst increased, the 

photocatalytic activity was enhanced, and the 

photocatalytic efficiency was improved. However, when 

the photocatalytic efficiency was optimized, the 

concentration of methylene blue and the dosage of the 

catalyst continued to increase, and methylene blue dye 

and catalyst would produce light shading, thus inhibiting 

the occurrence of light reaction. 
 

As shown in Fig. 7 (e), the photocatalytic 

efficiency was improved with the increase of light 

intensity, but since the 750 W light intensity did not 
significantly improve the photocatalytic efficiency 

compared with 500 W light intensity. Considering the 

economic applicability and environmental applicability, 

500 W light intensity with a higher cost performance was 

selected. 
 

 
 

Fig. 8: Recycling tests for ZnSe/CoSe under visible 
light irradiation. 
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Table-2: Photocatalytic effect of ZnSe doped with different substances. 
Matter Actor Catalytic results References 

CdS/ZnSe/TiO2 methyl orange (MO) 
The removal of 10 mg/L organics 

was 90.05% in 120 minutes. 

[22] 

ZnSe/rGO MB 
The removal of 10 mg/L organics 

was 96.5% in 120 minutes. 

[23] 

MWCNT/ZnSe 

 

fuchsine acid 

 

The removal of 10-4 mg/L organics 

was 100% in 50 minutes. 

[24] 

ZnO/ZnSe/MoSe2 methyl orange (MO) 
The removal of 30 mg/L organics 

was 91.5% in 180 minutes. 

[25] 

MoSe2/ZnSe MB 
The removal of 2×10-5 M organics 

was 91.5% in 180 minutes. 

[26] 

Fe3O4/ZnO/ZnSe RhB 
The removal of 20 mg/L organics 

was 97.88% in 120 minutes. 

[27] 
 

ZnSe/CoSe MB 
The removal of 20 mg/L organics 

was 99.4% in 120 minutes. 

This work 

 

The four cycle experiments were 

successively conducted on ZnSe/CoSe in the later 

stage, as shown in Fig. 8. The photocatalytic efficiency 

of the photocatalyst after the cycle was higher than 80 
%, indicating that the photocatalytic activity and 

stability of the catalyst were good.  
 

Based on the above experiments, we 

proposed the possible photocatalyst mechanism of 

ZnSe/CoSe photocatalyst, as shown in Fig. 9. The 

valence band (VB) of CoSe and ZnSe was 0.08 eV and 

- 1.26 eV, the conduction band (CB) of CoSe and ZnSe 

was - 1.7 eV and - 2.9 eV. Therefore, when visible 
light was irradiated, the photoproduction electronic 

and holes were formed on the surface of ZnSe/CoSe 

photocatalyst, and electrons were transferred from 

CoSe to ZnSe, making ZnSe an electron acceptor. 

Meanwhile, the electron reacted with O2 and H2O on 

the surface of ZnSe to decompose into -OH, and MB 

was degraded to other harmless products by free 

radical redox. CoSe has a stronger ability to absorb 

visible light and ultraviolet light and a higher 

photoelectron separation efficiency than other 

materials, so it inhibits the photoelectron-hole 

compound and improves the photocatalytic efficiency. 
Therefore, ZnSe/CoSe photocatalyst has stronger 

photocatalytic activity in electron transfer and visible 

light utilization. 
 

 
Fig. 9: Proposed photocatalytic mechanism of 

ZnSe/CoSe. 

The degradation results of organic matter by 

different nano-composite catalysts related to ZnSe are 

shown in Table 2. For example, 10mg/L of MO could 

be degraded by 90.05% of CdS/ZnSe/TiO2 in 120 min; 
10mg/L of MB could be degraded by 96.5% of 

ZnSe/rGO in 120 min; 10-4 mg/L of fuchsine acid 

could be degraded by 100% of MWCNT/ZnSe in 50 

min. 

 

Conclusions 

 

ZnSe/CoSe was synthesized by hydrothermal 

method. Through doping modification, the 

nanocomposite photocatalyst exhibited better band 

gap and better conductivity than single ZnSe material. 
At the same time, ZnSe/CoSe demonstrated better 

conductivity and photocatalytic effect. In addition, the 

superior photocatalytic effect of ZnSe/CoSe was 

discussed, which provides a new theoretical and 

experimental basis for the research and development 

of nanocomposite photocatalysts in the future. 
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