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Abstract. In this work, we report the ZnO@MoS2 composite materials prepared by a hydrothermal method, 
and the effect of annealing temperature on the photocatalytic performance of ZnO@MoS2 composite 
materials. It is found that annealing temperature plays an important role in the formation of MoS2 surface 
morphology, resulting in the dense films and a reduction of nanostructure nummber and active sites by 
enhancing temperature. Furthermore, ZnO@MoS2 composite materials annealed at 50 oC possess a higher 
photocatalytic degradation efficiency of 62.88% on methylene blue solution compared with ZnO materials or 
other samples. 
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1. Introduction 

ZnO is a typical third-generation semiconductor material. 
ZnO has many advantages such as good photoelectric 
performance [1], abundant source materials, good 
biological and environmental compatibility, and good 
photocatalytic performance [2]. ZnO has been widely 
used in light-emitting diodes [1], photodetectors [3, 4], 
biosensors [5], sewage treatment [2, 6], etc. However, 
ZnO materials are prone to hydrolysis, which severely 
limits the application of ZnO. Especially in sewage 
treatment, ZnO needs to be soaked in sewage for a long 
time, and hydrolysis will drastically reduce its 
photocatalytic performance. Therefore, the surface of 
ZnO needs to be modified with a protective layer. While 
avoiding the hydrolysis of ZnO, it is necessary to further 
improve its photocatalytic performance [6]. MoS2 has 
stable chemical properties, does not hydrolyze, and can 
form a heterojunction with ZnO, which significantly 
improves the photocatalytic performance [6]. This work 
will hydrothermally grow the MoS2 nanosheet film layer 
on a film composed of ZnO micron/nanopillars to obtain 
a ZnO@MoS2 composite material. At the same time, this 
work also studies the effect of annealing process on the 
photocatalytic performance of ZnO@MoS2 composite 
materials. 
 
 
 
 

2. Experimental details  

Firstly, ZnO micro/nano pillars on ITO substrates were 
prepared by a hydrothermal method. The precursor 
solution was prepared with zinc acetate as the zinc source, 
hexamethyltetramine as the catalyst, polyethylene glycol 
as the buffer, and deionization as the solvent. The required 
reagents are added to deionized water, and magnetically 
stirred at 60 °C for 1 hour to obtain a clear and uniform 
precursor solution of 0.02 mol/L. The prepared precursor 
solution and the cleaned indium tin oxide (ITO) substrate 
were put into the autoclave, and the reaction solution was 
kept at 85 °C for 5 minutes to obtain the ZnO micron/nano 
column sample. And 2 minutes clean of deionized soak 
was used to remove residual reagents. 
 
Then, the MoS2 shell layer was prepared on the ZnO 
micron/nano column sample using the hydrothermal 
method again. In order to avoiding the corrosion of the 
ZnO micron/nano column samples caused by the second 
hydrothermal, Mo2O3, high-purity S powder, octylamine 
and absolute ethanol were taken as the reaction system for 
the synthesis of MoS2, and the reaction time is 6 h. After 
cleaning and drying, the samples were annealed at 50 oC, 
100 oC and 150 oC to improve the crystalline quality of 
MoS2 and the combination with ZnO, in order to obtain 
better photocatalytic performance. 
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After the preparation, X-ray diffractometer (XRD, X'Pert 
Pro MFD), micro-focus Raman spectrometer (LabRAM 
HR UV-NIR), and high-resolution field emission 
scanning electron microscope (SEM, ZEISS Sigma 500) 
were used to detect the prepared samples. A 
photochemical reaction instrument (OCRS-K) was 
applied to test the photocatalytic performance of the 
photocatalytic performance on methylene blue solution. 
And an ultraviolet (UV) spectrophotometer (Shimadzu 
UV-2550) was employed to detect the photocatalytic 
effect of the prepared samples. 

3. Results and discussion  

Fig. 1 shows the XRD patterns of ZnO@MoS2 composite 
materials without and with different annealing 
temperature. The star marks are corresponding to the 
peaks of ITO. The other peaks are assigned to ZnO peaks. 
There is no single peak belonged to MoS2. It seems that 
MoS2 does not have grown on ZnO. In fact, based on the 
PDF car of MoS2 in the XRD database, the peaks’ 
locations of MoS2 are the same with those of ITO or ZnO. 
Besides, according to the reference of [6], MoS2 should 
be prepared on ZnO. Therefore, it is necessary to employ 
other techniques to identify the presence of MoS2. 
 

 

Fig.1 XRD patterns of ZnO@MoS2 composite materials 
without and with different annealing temperature 
 
SEM is taken to study the surface morphology of the 
prepared samples, as shown in Fig. 2(a) to 2(c). Before the 
growth of MoS2, the ZnO surfaces are very smooth [7]. 
Significantly, dense nanosheets have been coated on the 
surfaces of ZnO materials after the preparation of MoS2. 
Normally, such nanosheets should be MoS2. That is to say, 
ZnO@MoS2 composite materials have been successfully 
prepared on ITO substrates. Furthermore, as the annealing 
temperature is increased, the MoS2 film consisted of 
nanosheets become dense, and the number of nanosheets 
or nanostructure is decreased. This indicates that 
annealing temperature plays an important role in the 
formation of MoS2 film surface. 

 

(a) 

  

(b) 

  

(c) 

Fig.2 ZnO@MoS2 composite materials with different 
annealing temperature: (a) 50 oC, (b) 100 oC, and (c) 150 oC 
 
Raman spectra are carried out to confirm the MoS2, too. 
As shown in Fig. 3, seven sharp peaks can be found in the 
typical ZnO material. When it turns to the ZnO@MoS2 
composite materials, most peaks of ZnO have been gone, 
and a wide peak is located in 328.5 cm-1, which should 
be composed of few peaks. It has been reported that MoS2 
have two strong peaks located in about 405 cm-1 and 355 
cm-1 in the Raman spectra [8]. Besides, after annealing, 
due to oxidation, new peaks are located in around 280 cm-
1 and 335 cm-1, which is assigned to molybdenum oxide 
[9]. Indication, ZnO materials also have a peak in 332.5 
cm-1 as shown in Fig.3. Based on what has been 
mentioned above, the wide peak located in 328.5 cm-1 
may be mainly composed of the response of ZnO@MoS2 
and a small part of molybdenum oxide. This result clearly 
means that MoS2 has been prepared on ZnO material. 
Moreover, during the annealing process, MoS2 has been 
slightly oxidized into molybdenum oxide. 
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Fig.3 Raman spectra of ZnO and ZnO@MoS2 composite 
materials  
Fig. 4(a) is the absorption spectra of methylene blue 
solution treated with ZnO and ZnO@MoS2 composite 
materials. It can be seen clearly that ZnO@MoS2 
composite materials has the best photocatalytic 
degradation efficiency. And unfortunately, further 
enhancing the annealing temperature leads to a decrease 
of photocatalytic degradation efficiency for the 
ZnO@MoS2 composite materials. Normally, 
photocatalytic degradation efficiency (E) can be 
calculated with the below formula [10]: 

               (1) 

Herein, C0 is the original concentration of methylene blue 
solution, 𝐶  is the concentration of methylene blue 
solution after the photocatalytic degradation reaction. 
According to this formula and the data from Fig.4(a), 
photocatalytic degradation efficiency for the ZnO 
materials and ZnO@MoS2 composite materials annealing 
at 50 oC, 100 oC and 150 oC are 58.13%, 62.88%, 40.73% 
and 30.16% respectively (in Fig. 4(b)). Compared to the 
ZnO materials, ZnO@MoS2 composite materials 
annealing at 50 oC own more nanostures and active sites, 
as illustrated in Fig. 2(a). Accordingly, more active sites 
result in higher photocatalytic degradation efficiency. 
Unfortunately, in a higher annealing temperature, active 
sites (Uusually point defects) on the MoS2 surfaces will 
be repaired through oxidation. 62.88% photocatalytic 
degradation efficiency in this word is compared to that of 
MoS2/MoO3 composite materials [10]. 

  

(a) 

 

(b) 

Fig.4 (a) Absorption spectra of methylene blue solution treated 
with ZnO and ZnO@MoS2 composite materials; (b) 
Photocatalytic degradation efficiency of ZnO and ZnO@MoS2 
composite materials on methylene blue solution 

4. Conclusion 

ZnO@MoS2 composite materials have been prepared by 
a hydrothermal method. XRD, SEM, Raman spectra and 
UV spectrophotometer are deployed to analyze the 
structural, surficial, and optical properties of ZnO@MoS2 
composite materials with annealing. It is found that 
annealing temperature significantly affects the surface 
morphology of ZnO@MoS2 composite materials, and 
leads to a reduction of active sites as the annealing 
temperature is over 50 oC. It is also found that 
ZnO@MoS2 composite materials annealing at 50 oC 
reveal the best photocatalytic degradation efficiency of 
62.88% on methylene blue solution. Higher annealing 
temperature reduces the photocatalytic degradation 
efficiency of ZnO@MoS2 composite materials due to the 
reduction of active sites caused by oxidation. This work 
indicates that the annealing process should be improved 
to ensure the active sites.  

Acknowledgements 

This project is supported by open foundation of Guangxi 
Key Laboratory of Processing for Non-ferrous Metals and 
Featured Materials, Guangxi University (Grant No. 
2020GXYSOF03); the Science Foundation for Young 
Teachers Projects of Wuyi University (2018td03); the 
University Student Innovation and Entrepreneurship 
Training Program Project of Guangdong Province 
(S202011349077); the Cooperative Education Platform of 
Guangdong Province ([2016]31); the Innovative Leading 
Talents of Jiangmen (Jiangmen(2019)7); the Key 
Laboratory of Optoelectronic materials and Applications 
in Guangdong Higher Education (2017KSYS011); the 
Science and Technology Projects of Jiangmen City 
(Jiangke [2018]359, [2018]352, 2018JC01006); the 
College Students Innovation and Entrepreneurship 
Training Project of Wuyi University (18KWL01).  
 
 
 
 

MATEC Web of Conferences 358, 01023 (2022)
MSMS 2022

https://doi.org/10.1051/matecconf/202235801023

3



 

References 

1. S.D. Baek, P. Biswas, J.W. Kim, et al. Low-
Temperature Facile Synthesis of Sb-Doped p-Type 
ZnO Nanodisks and Its Application in Homojunction 
Light-Emitting Diode, ACS applied materials & 
interfaces, 8 (2016) 13018-13026. 

2. C. Chen, W. Mei, W. Yu, et al. Enhanced sunlight-
driven photocatalytic property of Mg-doped ZnO 
nanocomposites with three-dimensional graphene 
oxide/MoS2 nanosheet composites, RSC Advances, 
8 (2018) 17399-17409. 

3. K. Hu, F. Teng, L. Zheng, et al. Binary response 
Se/ZnO p-n heterojunction UV photodetector with 
high on/off ratio and fast speed, Laser & Photonics 
Reviews, 11 (2017) 1600257. 

4. Y. Ning, Z. Zhang, F. Teng, et al. Novel Transparent 
and Self-Powered UV Photodetector Based on 
Crossed ZnO Nanofiber Array Homojunction, Small, 
14 (2018) e1703754. 

5. J.E. Eixenberger, C.B. Anders, K. Wada, et al. Defect 
Engineering of ZnO Nanoparticles for Bioimaging 
Applications, ACS applied materials & interfaces, 11 
(2019) 24933-24944.  

6. S.E. Islam, D.R. Hang, C.H. Chen, et al. Facile and 
Cost-Efficient Synthesis of Quasi-0D/2D ZnO/MoS2 
Nanocomposites for Highly Enhanced Visible-Light-
Driven Photocatalytic Degradation of Organic 
Pollutants and Antibiotics, Chemistry, 24 (2018) 
9305-9315. 

7. J. Liu, M. Liu, Y. Liu, et al. Rapid Hydrothermal 
Growth of ZnO Nanorods on a Magnetron Sputtered 
Thick ZnO Seed Layer, Key Engineering Materials, 
815 (2019) 9-14. 

8. Y. Sun, Synthesis, characterization and performance 
of MoS2 nanoflowers, Master Thesis, Fujian Normal 
University, 2009(In Chinese). 

9. C. Cai, F. Wu, Y. Fang, et al. Hydrothermal Synthesis 
of Flower-Like MoS2 Nanoparticle, Hans Journal of 
Nanotechnology 3(2013) 19-23(In Chinese). 

10. R. Song, Q. Xi, X. Shi, et al. Preparation and 
Photocatalytic Property of MoO3@MoS2 Composite, 
Hans Material Sciences, 8 (2018) 535-541(In 
Chinese). 

MATEC Web of Conferences 358, 01023 (2022)
MSMS 2022

https://doi.org/10.1051/matecconf/202235801023

4


