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Metal nanocomposite as photocatalyst plays a major role for treating organic and inorganic pollutants present in 

industrial effluent through photocatalytic process. In this study, the co-precipitation method has been demonstrated in the 

preparation of ZnO/SnO2nanocomposite. The catalytic behaviour of the ZnO/SnO2 is studied against Quinalphos pesticide 

under the illumination of direct sunlight at neutral pH. The photocatalytic performance of ZnO/SnO2nanocomposite is 

examined by loading 2 mg/L of the catalyst in 30 ppm of the Quinalphos solution to achieve 98 % degradation in thirty 

minutes. The structural and chemical compositional analysis of the prepared ZnO/SnO2nanocomposite has been 

characterised by X-ray diffraction pattern and FT-IR spectrum respectively. The morphological analysis of ZnO/SnO2 

nanocomposite is done by scanning electron microscope (SEM). The UV-Visible absorption spectroscopy is used to 

examine the optical properties of ZnO/SnO2nanocomposite together with the photo degradation process of Quinalphos 

pesticide. The presence of oxygen vacancies and the fluorescence property of the prepared nanocomposite are detected by 

fluorimetric analysis. Degradation efficiency is estimated by COD and TOC measurements. Moreover, the stability and 

quality of the prepared ZnO/SnO2nanocomposite could be separated easily and utilised for multiple cycles with no change in 
its activity. 
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The global ecosystem is terrorised tremendously due 

to the extreme production of effluent from industries. 

Water pollutants are composed of both organic 

and inorganic materials
1
. Particularly, the water 

contaminants as pesticide pollute both the surface of 

soil and water
2
. These pesticide materials, although in 

minimum concentration bring about a considerable 

damage to the aquatic and human environment
3
. The 

removal of toxic contaminants from the ground and 

underground water bodies is essential for the 

conservation of the health of human being. 

Quinalphos is an organo phosphate pesticide which is 

used all around the world for controlling the pests 

present in a variety of food crops like wheat, rice, 

groundnut, cotton, sugarcane and coffee. Only 1% of 

the Quinalphos solution approaches the crops and 

controls the pests, while about 99% of the pesticide 

solution is left in the environment contaminating 

surface and underground water
4
. Quinalphos is highly 

soluble in water and hence it gets readily transported 

through the soil and they contaminate ground water 
5
. 

These organic pollutants tend to stay in aqueous 

media for a long time and toxicate the environment, 

human and living organism even at minimum 

concentration
6
. The removal of organic contaminants 

from aqueous environment has become a challenging 

task in recent years
7
. At present, the advanced 

oxidation process is considered as a dynamic method 

for the eradication of organic effluents present in 

water. Photocatalysis is one of the advanced oxidation 

processes, which is widely applied for the 

compensation of the environment particularly for 

neutralising dangerous substances present in the 

effluents which are discharged from industries
8,9

. 

Photocatalyst can transform organic contaminants 

entirely into water, carbon dioxide and mineral acids. 

Moreover, it is the most widely accepted green 

technology for the purification of water
10

.  

The degradation of these effluents upon the 

membranes of the semiconductors has a predominant 

sector of catalytic research. In the midst of numerous 

semiconductors zinc oxide is employed as an effective 
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photocatalyst because of its strong oxidising capacity, 

eco friendly character, good quantum efficiency and 

long term photo stability
11

. Moreover, Zinc oxide is 

considered as a good host for doping different 

elements. Doping with transition metals further 

enhances its band gap tuning, mobility donor and 

acceptor defects, conductivity and different optical 

and magnetic properties
12

. It was also revealed that 

the sedation of zinc oxide together with transition 

metal oxides decreases the recombination of electrons 

and holes. This increases the photocatalytic activity of 

zinc oxide
13

. Among various transition metal oxides 

tin oxide is preferred extensively because, it is more 

stable, posses a wider band gap energy and highly 

transparent in the visible region
14

. Moreover, it has a 

unique advantage to be applicable in environmental 

remediation
15

.  

In this study, we have described the fabrication of 

ZnO/SnO2 photocatalyst which has been investigated 

for the degradation of Quinalphos in the presence of 

visible light within a short span of time. Yet, only a 

very few studies are reported about the photocatalytic 

degradation of Quinalphos using metal oxide 

nanocomposites. However, in the majority of the 

reported work, the photodegradation of Quinalphos 

consumes more time with low degradation 

efficiency
16,17

. Pandey et al. have declared the 

degradation of Quinalphos (20 ppm), with 95.26 % 

reduction in COD value under visible light in  

180 min
18

. Lingaraj et al. have investigated the 

degradation of Quinalphos (20 ppm) in 90 min using 

mercury vapour lamp as a source of visible light
10

. 

The intention of the present work is to establish an 

efficacious, operative and commercial nanocomposite 

for the complete mineralisation of Quinalphos 

pesticide present in aqueous environment within a 

short stretch of time under direct sunlight.  

ZnO/SnO2 was prepared by co-precipitation 

method and zinc nitrate with tin chloride is used as a 

precursor. The optical, structural, morphological, 

compositional and fluorescent characters of the 

prepared photocatalyst were analysed by using  

UV-Visible, SEM, EDX, FT-IR, and XRD and 

spectrofluorimetric analysis. The quality and stability 

of the catalyst was examined by reusing the catalyst 

for multiple cycles. Moreover, the degradation of the 

test solution was authorised by COD, TOC and  

UV-Visible analysis. 

 

Experimental Section 

All the chemicals used were of analytical grade. 

The chemicals were utilised as received without 

further purification. Zinc nitrate, Tin chloride, and 

Ammonia were purchased from Merck specialities 

pvt. Ltd. Mumbai (India) and double distilled water is 

used throughout the experiment.  
 

Synthesis of ZnO/SnO2 nanocomposite 

In a typical experiment, a required amount of zinc 

nitrate [Zn (NO3)2] and tin chloride [SnCl2] were 

taken in a beaker and was dissolved with 100 mL of 

double distilled water. A calculated amount of 1:1 

(v/v) ammonia was added drop by drop to the above 

solution within an interval of 5 min with constant 

stirring using a magnetic stirrer. The stirring was 

continued for 2 h to establish the complete 

precipitation of the solution. The precipitate was aged 

for 12 h at room temperature. The resulting gel was 

filtered, washed with ethanol and dried in an air  

oven at 100°C for 2 h. Finally, ZnO/SnO2 

nanocomposite was obtained by calcinating the 

product at 300C for one hour
19

.  
 

Characterisation 

The size and crystalline phase of the sample was 

recognised using a Bruker D8 advance X-ray 

diffractometer (XRD) with Cu -Kα radiation and  

40 µA scanning rate of 2ºmin
-1

 in 2Ө. The optical 

properties of the sample were detected by using  

Li-2900 UV-Visible spectrometer. The surface 

morphology of the catalyst was examined by using 

scanning electron microscope (Jeol, 5800LV) and 

elemental composition was identified from energy 

dispersive X-ray spectrometry (EDS) analysis (JSM-

7100F). The surface chemical structure of the 

photocatalyst was studied by using an Invenio FT-IR 

spectrometer. The florescence property of the  

sample was examined by using a spectrofluorimeter 

(RF-5301). 
 

Photocatalytic experiment 

The photocatalytic degradation experiment was 

carried out in a beaker as photo reactor containing 30 

ppm of Quinalphos solution in 100 mL water with 

ZnO/SnO2 nanocomposite (2 mg). The pH of the test 

solution was maintained neutral. Subsequently, the 

solution was kept under dark under stirring for about 

thirty minutes to establish an adsorption-desorption 

equilibrium between the catalyst and the pesticide. 

The resulting solution was kept under sunlight and 

was blended relentlessly using a magnetic stirrer
20

.  
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In order to analyse the concentration of the test 

solution using calorimeter, for each ten minutes about 

3mL of the Quinalphos suspension was drawn out and 

centrifuged to eliminate the catalyst from the test 

solution. The solution was stirred continuously until 

the solution becomes clear. The degradation yield in 

percentage can be defined as follows, 
 

Efficiency of degradation (%) = 
𝐶˳−𝐶

𝐶˳
 100 

 

Where, C0 is the initial concentration of the test 

solution and C is the concentration of the solution 

after photocatalytic degradation.  

 

Results and Discussion 
 

X-ray diffraction analysis 

X-ray diffraction analysis (XRD) was used to 

examine the crystalline phase structure and purity of 

the prepared nanocomposite
21, 22

. Figure 1 shows the 

XRD pattern of ZnO/SnO2 nanocomposite. The 

diffraction peaks located at 31.93
º
, 34.29

º
, 49.05º, 

58.33º, 62.96º, 68.13º (JCPDS card no: 36-1451) 

relatively designate the presence of Zinc oxide [23] 

whereas the diffraction peaks located at 27.74º, 

34.29º, 40.54º, 42.91º, 49.05º, 58.33º specified the 

tetragonal rutile phase of tin oxide respectively 

(JCPDS card no: 39-0511) 
24

. Moreover, the sharp and 

strong diffraction peaks located at 31.93º, 34.29º, 

39.91º, 46.04º, 53.80º designated the formation of 

ZnO/SnO2 nanocomposite without impurities like 

SnO, ZnSnO3,  ZnSnO4 (JCPDS card no: 77-0452) 

and have also displayed the good crystalline quality of 

the prepared nanocomposite
25

. Eventually, an average 

crystal size of the ZnO/SnO2 nanocomposite was 

executed for each peak emerged on the XRD 

diffraction. The size of the nanocomposite was 

evaluated by using Debye- Scherrer equation. The 

average size of the synthesized nanocomposite was  

28 nm. This was evaluated from the most intense peak 

obtained from the XRD pattern of the prepared 

ZnO/SnO2 nanocomposite. 
 

UV-Visible spectrophotometeric analysis 

The UV-Visible spectral analysis is used to 

recognise the light consumption potentiality of 

ZnO/SnO2 nanocomposite. The prepared composite 

has displayed a strong absorption at the wavelength of 

440 nm, which is in close agreement that, the 

prepared nanocomposite has the potential to absorb 

visible light
26

. The UV-spectrum of the sample is 

displayed in Fig. 2. 
 

SEM analysis 

The morphology of the prepared ZnO/SnO2 

nanocomposite was analysed by SEM at different 

magnification. It was noticed that the particles were 

rough and were aggregated on the surface of the 

catalyst and they possessed spherical morphology 

with less agglomeration. The particles were highly 

dense and they were grouped in the form of clusters
27

. 

The spherical morphology of the catalyst has 

upgraded the charge separation efficiency of the 

catalyst. Due to the negative charge surface of the 

catalyst, the cationic pesticide molecules approached 

selectively and were degraded at a faster rate
28

. The 

SEM image of the ZnO/SnO2 composite is displayed 

in Fig. 3. 
 

EDX analysis 

In order to authorise the purity of the prepared 

ZnO/ SnO2 sample, EDX interpretation was analysed 

and is shown in Fig. 4. The attributing peaks 

representing zinc, tin and oxygen were found, but 

there are no additional peaks which further certify 

 
 

Fig. 1 — XRD pattern of ZnO/SnO2 nanocomposite 

 
 

Fig. 2 — UV-Visible spectrum of ZnO/SnO2 nanocomposite 
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about the purity of the synthesized ZnO/SnO2 

nanocomposite. The weight percentage of tin, zinc 

and oxygen is 21.59, 50.61 and 27.80 % respectively. 

This designated that the prepared ZnO/SnO2 

nanocomposite was composed only of zinc, tin and 

oxygen without any other foreign elements.  
 

FT-IR analysis 

Infrared studies were carried out in order to 

establish the purity and nature of metal 

nanoparticles
29

. Further, the formation of ZnO/SnO2 

composite was confirmed by FT-IR analysis. The 

origin of a well defined band at 443 cm
-1

 indicated the 

presence of pure Zinc oxide
30

. The absorbance at 640 

cm
-1

 has authorised the formation of ZnO/SnO2 

nanocomposite. The broad peak in the range of 400-

640 cm
-1

 is due to the overlap of zinc oxide and tin 

oxide related bands
31

. Finally, the absorbance at 3502 

cm
-1

 is due to the stretching mode of water and 

hydroxyl group
7
. The elucidation of structural features 

using FT-IR is shown in Fig. 5. 
 

Fluorescence studies 

Fluorescence analysis was done to examine  

the oxygen vacancies present in oxide materials.  

The spectrum of the prepared sample has displayed a 

broad peak at 705 nm is responsible for  

the fluorescent character of the prepared 

nanocomposite
32

. Moreover, the high emission of the 

spectrum designates the high crystalline quality and 

the presence of oxygen vacancy in the prepared 

ZnO/SnO2 nanocomposite
33

. This oxygen vacancy 

behaves as radiative centre in the fluorescence 

 
 

Fig. 3 — SEM image of ZnO/SnO2 nanocomposite 
 

 
 

Fig. 4 — EDX pattern of ZnO/SnO2 nanocomposite 
 

 
 

Fig. 5 — FT-IR specta for ZnO/SnO2 nanocomposite 
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process
34

. The fluorescence spectrum of ZnO/SnO2 

nanocomposite was shown in Fig. 6.  
 

Photocatalytic degradation studies 

The results gained from the above analysis have 

exposed a marvellous photocatalytic degradation 

capacity of the prepared ZnO/SnO2 composite catalyst 

to degrade Quinalphos solution under direct sunlight. 

The colour of the test solution has been changed from 

turbid pale blue to colourless clear solution within 30 

min, showing 98% degradation in the presence of 

visible light. This ensures the complete degradation of 

the pesticide Quinalphos in the presence of visible 

light. The experimental setup for the photocatalytic 

degradation of pesticide solution with ZnO/SnO2 

composite has been shown in Fig. 7. 
 

Analysis of UV-Vis absorption spectrum of Quinalphos during 

degradation measurement 

The photocatalytic potentiality of ZnO/SnO2 

nanocomposite was analysed by adding 2 mg of the 

above catalyst to 30 ppm of the Quinalphos solution 

at neutral pH in the presence of sunlight. The 

absorbance of the pesticide solution before and after 

irradiation was measured using a spectrophotometer. 

The maximum absorption peak corresponding to 

Quinalphos pesticide suspension at 240 nm gradually 

declined and disappeared for thirty minutes of light 

irradiation. Moreover, the UV-Visible spectral 

analysis has shown that the absorption peak was 

declined from 2.2 nm to 0.2 nm. Therefore, the 

synthesized ZnO/SnO2 nanocomposite acts as  

an efficient photocatalyst to degrade Quinalphos 

pesticide solution with 30 min of duration in the 

presence of natural sunlight. The decrease in the 

intensity of the absorption peaks with irradiation time 

has been shown in Fig. 8. 
 

Chemical oxygen demand analysis 

Chemical oxygen demand (COD) is a widely 

known criterion for evaluating the strength of 

oxidisable contaminants present in the polluted water 

sample
35

. The COD of the Quinalphos solution before 

and after degradation was estimated. The initial and 

final COD value for the pesticide contaminant was 

found to be 11752  and 178 mg/L respectively. The 

decrease in the COD value of the degraded solution 

has confirmed the eradication of the pesticide 

molecule in conjugation with the elimination of 

colour. Therefore, in the presence of ZnO/SnO2 

nanocomposite about 98% of the total COD was 

reduced after thirty minutes of light irradiation
36

.  
 

Total Organic Carbon (TOC) analysis 

After exposing the Quinalphos test solution under 

direct sunlight the total carbon content of the 

suspension was analysed.The TOC measurement has 

revealed the disappearance of organic carbon in the 

Quinalphos test solution. The out comings obtained 

from this analysis has shown that, about 95 % of 

organic carbon terminated from the Quinalphos 

solution which has been achieved by using ZnO/SnO2 

 
 

Fig. 6 — Fluoresence spectra for ZnO/SnO2 nanocomposite 
 

 
 

Fig. 7 — Visual representation of photocatalytic degradation 

experiment 

 
 

Fig. 8 — UV-Visible absorption spectrum for degradation at 

various intervals of time 
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nanocomposite through photo degradation. From  

this evaluation it is observed that ZnO/SnO2 

nanocomposite is an efficient photocatalyst to 

mineralise pesticide pollutants in a very short span of 

time
37

. 
 

Turn over frequency (TOF) of catalyst 

The application cost and stability of the catalyst 

depends upon theturn over frequency of catalyst
38

.  

In order to analyse the recycling ability of the 

prepared ZnO/SnO2 nanocomposite, the designated 

nanocomposite was collected by centrifugation from 

the test solution after completion of degradation.  

The retrieved nanocomposite was washed in double 

distilled water, filtered, dried and utilised for the next 

degradation cycle of Quinalphos. The degradation 

efficiency of ZnO/SnO2 nanocomposite remained 

almost constant for multiple cycles for the 

degradation of Quinalphos. This has obviously 

specified the auspicious recycling capacity of 

ZnO/SnO2 nanocomposite. The photocatalyst showed 

98 % average efficiency for degrading Quinalphos, 

ensuring its active usage for more cycles. This was 

considered as a significant character of the prepared 

nanocomposite. The out coming from the above 

analysis has revealed the presence of a sufficient 

number of surface active sites on the surface of the 

prepared photocatalyst. This increases the probability 

of instant eradication of pesticide molecule present in 

the test solution
39

. Fig. 9 represented the recycling 

ability of the catalyst. 
 

Conclusion 

 In the present study, the visible light active 

ZnO/SnO2 nanocomposite photocatalyst has been 

synthesized auspiciously by co- precipitation method 

and the photocatalytic activity of the prepared 

nanocomposite is studied against Quinalphos 

pesticide at neutral pH and under normal conditions 

of temperature. Further, the prepared photocatalyst is 

examined by various spectroscopic techniques such as 

FT-IR, XRD, SEM, EDX, fluorescence and UV-

Visible spectral analysis. The presence of wurzite and 

rutile phase of ZnO/SnO2 nanocomposite has been 

confirmed by XRD analysis. Above that, the SEM 

analysis has assured the spherical morphology of the 

catalyst which is responsible for the enhanced 

photocatalytic performance of the prepared catalyst. 

The presence of zinc, tin and oxygen in the ZnO/SnO2 

nanocomposite photocatalyst are approved by EDX 

analysis. Moreover the formation and structural 

features of ZnO/SnO2 nanocomposite is revealed by 

FT-IR. The marvellous photocatalytic activity of the 

nanocomposite for the degradation of Quinalphos 

within thirty minutes using sunlight as a source at 

neutral pH has been confirmed by UV-Visible 

spectroscopy and the complete mineralisation were 

further authorised by COD and TOC measurements. 

The oxygen vacancies which are responsible for the 

fluorescence action in the synthesized nanocomposite 

were detected by fluorimetric analysis. The prepared 

nanocomposite exhibit a good recycling ability and 

this assures the quality and stability of the catalyst. 

Thus, ZnO/SnO2 nanocomposite has exposed an 

enriched photocatalytic performance and hence this 

would be an excellent approach to clear pesticide and 

other environmental contaminants present in water, 

within a short span of time. 

 

Acknowledgement 

The authors are thankful for Nesamony Memorial 

Christian College, Marthandam, India, Ayya Nadar 

Janaki Ammal College, Sivakasi, India; Vellore 

Institute of Technology, Chennai, India; and Karunya 

institute of technology and science, Coimbatore, India 

for furnishing necessary provision and support for this 

work.  
 

References 
1 Mohamed Alaa, Osman T A, Toprak M S, Muhammed Eda 

Yilmaz M & Uheida A, J Mol Catal A: Chem, 424  

(2016) 45. 

2 Zunnisia Hay & Babagil Aynua, Appl Water Sci, 107  

(2019) 1. 

3 Saleh Sayed M, Res Dev Mater Sci, 9 (2019) 990. 

4 Ramakrishnan B, Megharaj, Venkateshwarlu M, Naidu R & 

Sethunathan N, Citric Rev Environ Sci Technol, 40 (2010) 

699. 

5 Garg Renuga, Gupta Renu, Sing Nirmal & Bansal Ajay, 

Chemosphere, 286 (2022) 1. 

6 Yeganeh Mojtaba, Charkhloo Esmail, Sobhi Hamid Reza, 

Esrafili Ali & Gholami Mitra, Chem Eng J, 428 (2022) 1. 

 
 

Fig. 9 — Recycling ability of ZnO/SnO2 nanocomposite 
 



INDIAN J. CHEM. TECHNOL., SEPTEMBER 2022 
 

 

532 

7 Rafiq Asma, Ikram Muhammed, Ali S, Niaz Faiza, 

Maazkhan & Maqbool Qasim Khan Muhammad, J Indust 

Eng Chem, 97 (2021) 111. 

8 Subbulekshmi N L & Subramanian E, Chem Biol Sci, 6 

(2018) 85. 

9 Velmurugan R, Subash B, Krishnakumar B, Selvam K & 

Swaminathan M, Indian J Chem Technol, 23 (2016) 139. 

10 Behera Lingaraj, Barik Balaram & Mohapatra Sasmita, 

Colloids Surf A: Physicochem Eng Asp, 620 (2021) 1. 

11 Lopez- Lopez Juan, Tejeda- Ochoa Armando, Lopez- Beltran 

Ana, Herrera-Ramirez Jose & Mendez-Herrera Pearla, 

Molecules, 27 (2021) 1. 

12 Singh Pushpendra, Kumar Ranveer & Singh Rajan Kumar, 

Am Chem Soc, 58 (2019) 17130. 

13 Zadeh Mohammad, Olya M E, Arabi A M, Shariati A & 

Khostavi Nikou M R, J Environ Sci, 35 (2015) 194. 

14 Chinnappa L, Ravichandra K, Saravanakumas K, 

Muruganantham G & Sakthivel B, J Mater Sci Mater 

Electron, 22 (2011) 1827. 

15 Liu Jianqiao, Hong Ye, Tian Xinyue, Meng Xiangxu, Gao 

Ge, He Tiantian, Nie Yichen, Jin Guohua, Zhai Zhaoxia & 

Fu Ce, Electron Opt Mater, 28 (2022) 30. 

16 Sharoti Nidhi, Gupta Shivali & Sud Dhiraj, Nanotechnol 

Environ Eng, 34 (2022) 1.  

17 Kaur Paramjeet, Bansal, Priti Sud & Dhiraj, J Korean Chem 

Soc, 57 (2013) 382. 

18 Sraw A, Kaur T, Pandey Y, Verma A, Sobti A, Wanchoo R K & 

Toor A P, Int J Environ Sci Technol, 17 (2020) 4895. 

19 Verma Naveen, Yadav Suprabha, Mari Bernabe, Mittal Anuj 

& Jindal Jintender, Trans Indian Ceram Soc, 77 (2018) 1. 

20 Subha P P & Jayaraj M K, J Exp Nano Sci, 10 (2015)  

1106. 

21 El-Bindary A A, El-Maddah S M & El-Marsafy A A, J Mol 

Struct, 1191 (2019) 76. 

22 Jan Hasnain, Shah M, Usman H, Zia M, Hano Christophe & 

Abbsai B, Front Mater, 7 (2020) 1. 

23 Lin Lewei, Han Yongsheng, Fuji Hasayoshi, Endo Takeshi, 

Wang Xiaowei & Takahashi Minoru, J Ceram Chem Soc 

Japan, 116 (2008) 198. 

24 Bargougui R, Omri K, Mhendi A & Amar S, Adv Mater Lett, 

6 (2015) 816. 

25 Omar Karzan A, Darl Meena Bash & Ali Srua, Physicochem 

Probl Miner Process, 52 (2016) 754. 

26 Amini Mojtaba & Ashrafi Mahadi, Winter Spring, 1 (2016) 

79. 

27 Lanje Amruta S, Sharma Satish J & Pode Ramchandra B,  

J Chem Pharm Res, 2 (2010) 478. 

28 Sinha Arun Kumar, Pradhan Mukul, Sarkar Saugata & Pal 

Tarasankar, Environ Sci Technol, 47 (2013) 2839. 

29 Kiwaan H A, Atwee T M, Azab E A & El-Bindary A A,  

J Mol Struct, 1200 (2020) 1. 

30 Jin Chang Qing, Haige Cheng, Jian Zengyun & Xing Wei 

Yong, Nano Express, 11 (2016) 1. 

31 Shah Faisal, Hasnain Jan, Sajjad Ali Shah, Sumaira Shah, 

Adnan Khan, Muhammad Taj Akbar, Muhammad Rizwan, 

Faheem Jan, Wajidullah, Noreen Akhtar, Aishma Khattak & 

Suliman Syed, Am Chem Soc Omega, 6 (2021) 9709. 

32 Chawla Santa, Jayanthi K, Chander Harish & Divi Haranath, 

J Alloys Comp, 459 (2008) 457.  

33 Urban Ben E, Neogi Purnima B, Butler Sween J, Fujita 

Yasuhisa & Neogi Arup, J Biophotonics, 5 (2012) 283. 

34 Subramaniam Mohan Priya, Arunachalam Geetha, 

Kandasamy Ramamurthi, Veluswamy Pandiyarasan & 

Hiroya I keda, J Mater Sci Mater Electron, 29 (2018) 658. 

35 Shi Xueqing, Huang, Shujuan, Yeap Tsuey Shan, Ong Say 

leong & Ng How Yong, Chemosphere Chem, 240 (2020) 1.  

36 Khurshid Hifsa, Mustafa Muhammad Raza U l & Isa 

Mohamed Hasnain, Adsorp Sci Technol, 3 (2022) 1. 

37 Zeng Quanqian, Liu Ying, Shen Liguo, Lin Hongjun, Yu 

Weiming, Xu Yanchao, Li Renjie & Huang Lilin, J Colloid 

Interf  Sci, 582 (2021) 291. 

38 Ranjitha Mathiarasu Roselin, Manikandan A, Nathan 

Panneerselvam Kurinji, George Mary, Raja Kanmani K, 

Almessiere M A, Slimani Y, Baykal A, Abdullah M Asiri, 

Kamal Tahseen, Anish Khan, J Mat Res Technol, 15 (2021) 

5936.  

39 Luan Jingfei & Hu Zhitian, Int J Photoenergy, 2012  

(2011) 1.  

 

 


