
 

Synthesis of ZnO/NiO/g-C3N4 Nanocomposite Materials 

for Photocatalytic Degradation of Tetracycline 

Antibiotic 
 

Linh X. Nong1,2, Oanh T. K. Nguyen1,2,* 

 
1Institute for Technology Application and Sustainable Development, Nguyen Tat Thanh University, Nguyen Tat 

Thanh, 700000, Viet Nam. 
2Faculty of Environmental and Food Engineering, Nguyen Tat Thanh University, Ho Chi Minh City, 700000, Viet 

Nam. 

Bulletin of Chemical Reaction Engineering & Catalysis, 18 (4) 2023, 604-614 

Abstract 

In this study, an approach was utilized to improve the photocatalytic efficacy of g-C3N4 by creating a composite 

photocatalyst through co-precipitation. This process involved incorporating NiO and ZnO into the structure, re-

sulting in enhanced photocatalytic activity. The Scanning Electron Microscopy (SEM) showcases interesting aggre-

gation behavior, revealing extensive arrays of ZnO/NiO/g-C3N4 particles. Ultraviolet–Visible Diffuse Reflectance 

Spectroscopy (UV-Vis DRS) confirms the composite's strong light absorption, especially in the visible spectrum. X-

ray diffraction (XRD) analysis provides conclusive evidence of successful material synthesis. The degradation of 

tetracycline antibiotics under visible light exposure demonstrates an impressive photochemical degradation effi-

ciency of 78.43%. Additionally, the composite exhibits impressive cycles of reuse, retaining its high photocatalytic 

activity even after four reaction cycles. This performance surpasses that of comparison samples. The synergistic 

integration of NiO and g-C3N4 within ZnO proves to be crucial in enhancing photocatalytic activity by enhancing 

electron-hole separation and mitigating recombination processes. This composite photocatalyst shows a wide po-

tential for efficiently eliminating tetracycline antibiotics from water systems. 
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Research Article 

1. Introduction 

Photocatalysis has emerged as a highly 

promising and versatile technology with a wide 

range of applications, including the degradation 

of toxic organic substances, bacterial inactiva-

tion, and wastewater treatment. This field en-

compasses catalytic reactions that are triggered 

by the absorption of light by a substrate, offer-

ing a sustainable and environmentally friendly 
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approach to address pressing challenges in vari-

ous industries [1–4]. 

Among the diverse semiconductor materials 

investigated as photocatalysts, titanium dioxide 

(TiO2) has received significant attention due to 

its excellent chemical stability, low cost, non-

toxicity, and strong oxidative capabilities. These 

properties have made TiO2 a benchmark materi-

al in photocatalysis research. Under UV light ir-

radiation, it has demonstrated remarkable effi-

ciency in degrading organic pollutants into 

harmless byproducts, such as carbon dioxide 

and water. However, TiO2 has limitations in 

https://creativecommons.org/licenses/by-sa/4.0
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terms of its wide band gap, which restricts its 

absorption of visible light, thus hampering its 

photocatalytic activity under solar irradiation 

[5,6]. 

To overcome the limitations of TiO2 and 

broaden the range of light absorption, research-

ers have explored alternative semiconductor 

photocatalysts [7]. One such material is gra-

phitic carbon nitride (g-C3N4), which has gar-

nered significant interest due to its unique 

electronic band structure, good light sensitivi-

ty, high physicochemical stability, and ability 

to capture visible light. The structure of g-C3N4 

closely resembles graphene, consisting of a two-

dimensional layered arrangement of carbon 

and nitrogen atoms [8]. Despite its advantages, 

g-C3N4 suffers from low surface area, rapid re-

combination of electron-hole pairs, poor conduc-

tivity, and limited absorption above 460 nm [9]. 

These drawbacks have prompted researchers to 

investigate strategies for enhancing the photo-

catalytic performance of g-C3N4, including mod-

ifying its morphological structure, introducing 

doping with metallic or non-metallic elements, 

and fabricating heterostructures [10–12]. 

In recent years, efforts have been focused on 

developing composite photocatalysts that com-

bine multiple semiconductor materials to har-

ness their synergistic effects and improve over-

all performance. One such composite is the 

ZnO/NiO/g-C3N4 system, which offers unique 

advantages derived from each constituent ma-

terial. Zinc oxide (ZnO), a low-cost and highly 

chemically stable semiconductor, has been ex-

tensively studied and widely employed in elec-

tronics, materials, and energy applications 

[13,14]. However, its photocatalytic perfor-

mance is limited by its relatively high band gap 

energy, resulting in inadequate absorption of 

visible light and diminished photocatalytic effi-

ciency. Researchers have explored various 

strategies, such as metal or non-metal ion dop-

ing and surface modification, to enhance ZnO 

light absorption and extend its photocatalytic 

activity into the visible light region to address 

this [15,16]. 

Nickel oxide (NiO), another promising semi-

conductor, has gained attention as a photocata-

lyst for environmental remediation, particular-

ly in aquatic environments. NiO can efficiently 

decompose pollutants, including organic com-

pounds, anions, cations, and toxic substances, 

under sunlight or UV light irradiation. Moreo-

ver, NiO exhibits non-toxic and environmental-

ly friendly properties [17]. However, challenges 

related to reproducibility and particle size con-

trol have prompted further research to enhance 

NiO's catalytic efficiency and stability. Various 

strategies, such as combining NiO with carbon 

nanotubes (CNTs) or doping it with transition 

metals, have been explored to improve its pho-

tocatalytic performance [18]. 

This research aims to synthesize the 

ZnO/NiO/g-C3N4 composite through a co-

precipitation technique and analyze its effec-

tiveness in photocatalytically degrading tetra-

cycline, a prevalent antibiotic pollutant found 

in wastewater. Tetracycline is known to persist 

in the environment and can harm ecosystems. 

The composite will be subjected to LED light 

sources to evaluate its performance when ex-

posed to visible light. The study will investi-

gate the photocatalytic degradation efficiency 

and the potential for reuse of the composite as 

a photocatalyst for removing organic pollu-

tants. 

 

2. Materials and Methods 

2.1 Materials 

In this study, the following chemicals were 

utilized: Urea ((NH2)2CO, 99%, Xilong Chemi-

cal, China), Nickel(II) nitrate hexahydrate 

(Ni(NO3)2.6H2O, 96%, Guangdong Chemical, 

China) ,  Z inc nitrate  hexahydrate 

(Zn(NO3)2.6H2O, 99.5%, Damao Chemical, Chi-

na), sodium hydroxide (NaOH, 96%, Xilong 

Chemical, China), Tetracycline (TCC, 95%, Sig-

ma-Aldrich, European), tert-Butanol (TBA, 

99.5%, Sigma-Aldrich, USA), p-Benzoquinone 

(BQ, 98%, Sigma-Aldrich, USA), Potassium di-

chromate (K2Cr2O7, 99.8%, Xilong Chemical, 

China ), Sodium oxalate (Na2C2O4, 99.8%, Xi-

long Chemical, China). All materials are of an-

alytical grade and utilized without further pu-

rification before the synthesis process. 

 

2.2 Synthesis of Catalysts 

In this study, g-C3N4 was synthesized by 

thermal decomposition of urea according to the 

following specific process: First, 10 g of urea 

was put into a porcelain crucible. Next, the ma-

terial was placed in a porcelain crucible, which 

was heated to 550 °C at a heating rate of 10 

°C/min in a furnace and for 3 h in air. Finally, 

the porcelain crucible is cooled down to room 

temperature after the reaction. The obtained g-

C3N4 (CN) material was used for further exper-

iments. 

ZnO/NiO/g-C3N4 (ZNG) composites were 

synthesized by the co-precipitation method. 

First, 5.94 g of Zn(NO3)2.6H2O and 5.81 g of 

Ni(NO3)2.6H2O were dissolved in 100 mL of 

distilled water. Then, g-C3N4 with 200 mg was 

dispersed in the beaker, and 100 mL of NaOH 
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solution (2 M) was added to the mixture and 

stirred for 2 h. The final product was washed 

with distilled water and ethanol and dried for 

12 h. Finally, the material was calcined at 550 

°C (2 °C/min) for 2 h. After calcination, the 

powder was finely ground for further analysis. 

In addition, ZnO/NiO (ZN), ZnO/g-C3N4 (ZG), 

and NiO/g-C3N4 (NG) materials were synthe-

sized using the same method. 

 

2.3 Instruments 

The crystalline structures of the prepared 

samples were examined by X-ray diffraction 

(XRD, D8 Advance, Bruker, USA). We used a 

Cary 4000 UV-visible spectrophotometer from 

Agilent (USA) to obtain the UV-visible diffuse 

reflectance spectra of the as-prepared sample. 

The existence of chemical bonds and functional 

groups was analyzed using a Fourier trans-

form-infrared (FT-IR) spectrometer (EQUINOX 

55, Bruker, USA). The microstructures of the 

as-prepared samples were evaluated using 

scanning electron microscopy (SEM, JSM 

7401F, JEOL, USA). AUTOLAB-PGSTAT204 

electrochemical analyzer was used to conduct 

electrochemical tests. 

 

2.4 Photocatalytic Activity Test 

To evaluate the photocatalytic activity of the 

as-prepared samples in the presence of TCC 

antibiotics, the following steps were followed 

under visible light irradiation using a white 

LED lamp with a power output of 40 W. The 

catalyzed samples were combined with TC an-

tibiotics at a concentration of 20 ppm, with a 

catalyst concentration of 0.05 g/L. The reaction 

solution was stirred in the dark for 30 min, and 

samples were collected over 15 min. Subse-

quently, the samples were exposed to the white 

LED lamp, and at specific time intervals (e.g., 

45 min, 90 min, 135 min, etc.), samples were 

taken out. After extraction, the samples were 

centrifuged at 7000 rpm for 10 min to ensure 

complete removal of any solid particles. The re-

sults were measured using a UV-Vis instru-

ment. To validate the cycling performance of 

the catalyst we prepared, following the initial 

photocatalytic test, the catalyst was subjected 

to filtration and rinsing employing ethanol and 

water. Subsequently, the catalyst was dried 

and employed for a subsequent run. This recy-

cling process was iterated for a total of four cy-

cles.  

Additionally, to identify and scavenge the 

free radicals responsible for the degradation of 

TCC, electron capture experiments were con-

ducted under the same experimental conditions 

as the photodegradation study. These addition-

al experiments aimed to pinpoint and neutral-

ize the specific free radicals by introducing 

electron-capturing agents, also known as scav-

engers, into the solution before exposure to 

light. The substances used for this purpose in-

cluded TBA (•OH), BQ (•O2−), K2Cr2O7 (e−), 

and Na2C2O4 (h+). 

Figure 1. (A) XRD pattern of the as-prepared sample, (B) FT-IR spectra of the synthesized samples. 
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3. Results and Discussion  

3.1 Crystal Structure and Morphological Char-

acteristics 

Figure 1(A) presents the XRD results for 

several samples, including CN, ZnO, NiO, ZG, 

NG, ZN, and ZNG. The diffraction patterns ob-

tained for all synthesized samples aligned with 

the standard positions corresponding with 

wurtzite ZnO (JCPDS file 72-1100) and NiO 

(JCPDS 04-0835). Importantly, slight changes 

in the lower angle (2θ) values and broader 

main peaks at 31.75°, 34.38°, and 36.14° are 

observed in the XRD patterns of the ZN and 

ZNG samples. These observations confirm the 

successful incorporation of NiO into ZnO and 

the integration of NiO/ZnO with g-C3N4. Nota-

bly, the doping of NiO into ZnO does not alter 

the overall structure or introduce any new dif-

fraction peaks in the XRD patterns of the ZN 

and ZNG samples. The XRD pattern of pure 

CN exhibits a prominent peak at 27.4°, indicat-

ing the presence of nanolayers in g-C3N4, con-

sistent with previous research findings [19–

21]. However, in the XRD pattern of the ZNG 

composite, the diffraction peaks of the g-C3N4 

sample are not observed due to the higher con-

tent of NiO and ZnO [22,23]. 

The FTIR spectra in Figure 1(B) showed the 

samples CN, ZnO, NiO, ZG, NG, ZN, and ZNG. 

The appearance of an additional peak at 550 

cm−1 is attributed to the presence of NiO as an 

impurity incorporated into the structure of 

NiO/ZnO nanoparticles, resulting in a sharper 

peak. The peaks at 420 cm−1 and 430 cm−1 are 

assigned to the combined absorption of ZnO 

and NiO bonds. Furthermore, the substitution 

of NiO for ZnO positions has been detected in 

the spectra peaks at 670 cm−1 [24]. Spectral 

peaks related to water absorption on NiO/ZnO 

catalysts appear around 1700 cm−1. The peak 

at 1645 cm−1 is explained by the stretching vi-

bration mode of the C−N group, and the peaks 

at 1570 cm−1, 1408 cm−1, 1319 cm−1, and 1238 

cm−1 may be attributed to the stretching vibra-

tions of aromatic C−N bonds. The peak at 812 

Figure 2. SEM images of samples: (A) CN, (B) NiO, (C) ZnO, and (D) ZNG. 
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cm−1 corresponds to the stretching vibration 

mode of the triazine structure. The peak at 

3161 cm−1 indicates the stretching vibration 

mode of the N−H group [25]. 

The SEM images of the prepared samples 

(Figure 2) show that pure NiO has a nanoparti-

cle morphology. ZnO also exhibits a similar na-

noparticle morphology, while CN has a stacked 

plate structure. After doping NiO and ZnO, the 

ZNG mixture tends to aggregate into large ar-

rays, regardless of the shape of CN. This aggre-

gation, as shown in Figure 2, enhances the spe-

cific surface area and improves the material's 

ability to degrade antibiotics effectively. 

In Figure 3(a) and Table 1, the bandgap en-

ergies of the synthesized samples were estimat-

ed. The UV-visible spectra of the prepared sam-

ple were determined using the Tauc plot equa-

tion (Equation (1)).  
 

(1) 
 

Here,  is the absorption coefficient, A is a con-

stant, and n = 1/2 for a direct band gap materi-

al. The majority of the synthesized samples ex-

hibit a narrow absorbance in the ultraviolet 

(UV) light region. However, ZNG demonstrates 

enhanced light absorption and a shift in the ab-

sorption edge towards the visible light range 

compared to the other samples. This increased 

light absorption and shift towards visible light 

in ZNG were consistent with previous studies 

on synthesized materials that had been specifi-

cally designed to possess visible light absorp-

tion properties. 

Furthermore, the enhancement of electron-

hole separation by ZNG was demonstrated 

through electrochemical impedance spectrosco-

py (EIS) analysis. Figure 3(b) illustrates the 

EIS spectra of the prepared samples. Com-

pared to the other samples, ZNG exhibits a 

smaller arc radius in the EIS Nyquist plot, in-

dicating more efficient transfer and separation 

of photogenerated charge carriers on the perov-

skite structure. This observation highlights the 

effective separation of photoinduced electron-

hole pairs in ZNG. 

Figure 3. (a) UV-Vis DRS and (b) EIS spectra of the synthesized samples. 

Sample Eg (eV) k (min−1) R2 

CN 2.64 0.0013 0.97482 

NiO 3.20 0.0004 0.95326 

ZnO 3.05 0.0025 0.94112 

NG 2.90 0.0004 0.80211 

ZG 2.96 0.0021 0.9609 

ZN 2.97 0.0016 0.8905 

ZNG 2.62 0.0065 0.9747 

Table 1. Band gap energy and kinetic parameters of photocatalytic reactions by different samples. 

( ) ( )
n

hv A hv Eg = −

(a) (b) 
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3.2 Photocatalytic Performance 

In Figure 4, the photocatalytic activity of 

the synthesized samples against 20 ppm TCC 

antibiotic was shown. The results reveal that 

the ZNG sample exhibited the highest decom-

position activity of 78.43% after 300 min of 

light exposure, surpassing the activity of the 

other samples. Furthermore, the UV-Vis analy-

sis of the sample shows no significant shift in 

the absorption peak of TCC (357 nm), and the 

photodegradation of TCC in the absence of the 

material is negligible. This result confirms that 

the ZNG sample has good photocatalytic activi-

ty, as the combination of CN, ZnO, and NiO as-

sisted in decomposing antibiotics under visible 

light. 

Figure 5 indicated that the presence of 

Na2C2O4, K2Cr2O7, TBA, BQ, and the initial 

sample had a varied impact on the degradation 

yield and overall efficiency of the optimal pho-

tocatalyst. Na2C2O4 shows a significant reduc-

tion in degradation yield (9.18%), suggesting 

its inhibitory effect on the photocatalytic pro-

cess. Similarly, K2Cr2O7, TBA, and BQ also 

contribute to reduced degradation yields of 

68.32%, 73.29%, and 15.77%, respectively, indi-

cating their interference with the photocatalyt-

ic efficiency. Furthermore, the initial sample 

has the highest degradation efficiency of up to 

78.43%. These results suggest that the electron 

capturers partially hinder the photocatalytic 

performance, while Na2C2O4 specifically im-

pedes the TCC antibiotic degradation, high-

Figure 4. (A) Photocatalytic degradation of as-

prepared samples under visible light. (B) The 

UV-vis absorption spectra were obtained for 

the photodegradation reaction of the ZNG sam-

ple. 

Figure 5. Effect of electron captures on the deg-

radation of TCC. 

Figure 6. Photocatalytic mechanism diagram of 

ZNG sample. 
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Figure 8. The main by-products of TCC degradation were detected by LC-MS. 

Figure 9. Proposed degradation pathways of TCC. 

Figure 7. (A) Experiment to evaluate the durability of the material, (B) XRD spectrum of the material 

before and after the reaction. 
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lighting the crucial role of h+ in the photocata-

lytic mechanism. 

CN functions as a photon absorber within 

the visible radiation spectrum, facilitating the 

excitation of electrons from the valence band to 

its conduction band (Figure 6). This process 

creates a vacancy, or hole (h+), in the valence 

band. Notably, recent investigations have 

demonstrated that the conduction band poten-

tial of CN surpasses that of NiO and, by exten-

sion, exceeds that of ZnO [26,27]. This distinc-

tive property prompts the migration of photo-

excited electrons (e−) from the conduction band 

of g-C3N4 to that of NiO, subsequently facilitat-

ing their transition to the conduction band of 

ZnO. Conversely, h+ travel in the opposing di-

rection: from the valence band of ZnO to the 

valence band of NiO, ultimately finding their 

destination within the valence band of g-C3N4. 

In parallel, the interaction between electrons 

within the conduction band of ZnO and ad-

sorbed oxygen molecules (O2) engenders the 

creation of anionic superoxide radicals (•O2−). 

It is pertinent to note that the valence band en-

ergy of g-C3N4 is insufficient to catalyze the 

formation of hydroxyl radicals (•OH), preclud-

ing the oxidation of H2O into •OH [28]. Upon 

their emergence, these radicals work together 

to attack TCC compounds, causing the antibi-

otic to break down. 

The stability of the catalysts is an essential 

parameter that needs to be demonstrated for 

the practical applicability of the material. To 

confirm its stability, the reusability of the ZNG 

sample was tested through four cycles of TCC 

decomposition under the same conditions. The 

results reveal that a gradual decrease in TCC 

degradation efficiency after each cycle (Figure 

7). This decrease could be attributed to either 

the loss of catalyst in each cycle or the coverage 

of some active sites on the surface of ZNG by 

TCC. Despite this decrease, the recycled mate-

rial maintains a relatively good photocatalytic 

activity even after being reused four times. The 

degradation performance of the material after 

being reused four times is measured at 78.43%, 

77.93%, 77.66%, and 73.52%, respectively, 

within 300 minutes. Following the fourth cycle, 

XRD analysis was conducted to assess the ma-

terial's structural integrity. The results indi-

cate that there are no significant changes ob-

served in the material after the TCC antibiotic 

removal reaction. Furthermore, ZNG shows 

promising photocatalytic activity when com-

pared to recent studies on composite photocata-

lysts, as reported in Table 2. This observation 

demonstrates the ZNG sample's ability to de-

compose toxic substances and suggests that its 
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stability was relatively good. The LC-MS spec-

trum accommodated valuable insights into the 

potential pathway of intermediate compound 

formation during the degradation of TCC ob-

served in Figures 8 and 9. This analytical tech-

nique provides valuable insights into the trans-

formations occurring during the degradation 

process of TCC, elucidating its mechanistic 

pathway and associated degradation products. 

The peak corresponding to TCC (m/z = 455) has 

notably decreased due to the photo-induced 

degradation of TCC during the photocatalytic 

process. Additionally, several new peaks have 

emerged after 300 minutes of degradation, cor-

responding to the degradation intermediates 

(m/z = 109, 148, 271, 278) [29–32]. 

 

4. Conclusions 

ZNG nanocomposites were successfully syn-

thesized using the co-precipitation method. The 

resulting nanocomposites exhibit large arrays 

as the ZnO, NiO, and CN components clumped 

together. Notably, the nanocomposites display 

an absorption edge that extends toward the vis-

ible light range, indicating their potential for 

visible light photocatalysis. Regarding photo-

catalytic activity, the nanocomposites achieve a 

TCC photodegradation efficiency of 78.43%. 

Furthermore, the stability of the nanocompo-

sites is assessed after four reaction cycles, and 

they exhibit good performance, indicating their 

durability and potential for repeated use. In 

conclusion, the synthesized ZNG nanocompo-

sites demonstrate promising photocatalytic 

properties, with high TCC photodegradation ef-

ficiency, absorption in the visible light range, 

and good stability over multiple reaction cycles. 
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