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Abstract— Photocatalysis remains a promising solution for water treatment due to its efficiency, sustainability, and ability to degrade 

a wide range of contaminants. This study explores the green synthesis of zinc oxide (ZnO/GS) doped with varying weight percent of 

nitrogen (N) as a photocatalyst. ZnO/GS was synthesized via co-precipitation with zinc nitrate hexahydrate and papaya leaf extract in 

an aqueous solution, which will be further doped using urea as nitrogen doping. Characterization techniques, including FESEM, EDX, 

FTIR, and XRD, were employed to analyze the morphology, structural characteristics, surface, and pore volumes of nitrogen-doped 

green synthesized zinc oxide (N-ZnO/GS). The photocatalytic performance of these samples was evaluated through the 

photodegradation of methylene blue dye under visible light irradiation. The sample with 10wt%, which is 1 g of dopant, exhibited the 

optimal results, indicating a homogeneous surface and high crystallinity of N-ZnO/GS synthesized via co-precipitation, demonstrating 

the best photodegradation efficiency in the photocatalysis process. The findings suggest potential applications in environmental 

remediation through the degradation of organic pollutants, enhancing wastewater treatment efficacy.   

 
Keywords— Photocatalysis; green synthesis; zinc oxide; nitrogen; methylene blue dye. 

 

 

I. INTRODUCTION 

Water pollution is a complex global environmental issue due 

to organic pollutants such as dyes, pesticides, pharmaceuticals, 

and industrial chemicals, including domestic wastewater. 

These pollutants can have a significant impact on aquatic 

ecosystems and human health. Water covers approximately 70% 

of the Earth’s surface, and recent projections indicate that water 

sources are dwindling and will become scarce in the future [1]. 

Therefore, to address the issue of organic compound-induced 

water contamination, long-term solutions must be developed. 

One of the numerous industries that significantly contribute to 

water pollution is the textile sector, which frequently contains 

non-biodegradable dyes. Nanotechnology offers scientific 

advances across a wide range of industries, including 

healthcare, consumer goods, energy, materials, and 

manufacturing. To fully utilize the potential of semiconductor 

nanoparticles as photocatalysts in environmental applications, 

heterogeneous photocatalytic degradation mechanisms are 

necessary.  

Zinc oxide (ZnO) is an alternative semiconductor used to 

eliminate dye contaminants in water. ZnO is a semiconductor 

with a wide bandgap that has drawn much interest due to its 

capacity to purge water from pigment impurities and harden 

through photocatalytic breakdown [2]. It is employed in 
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photocatalysis as a semiconductor to produce electron-hole 

pairs on its surface. These pairs subsequently participate in 

redox reactions with adsorbed species, such as organic dyes, 

which cause their breakdown or mineralization. 

In recent years, titanium dioxide (TiO2) has been extensively 

studied for the photocatalytic degradation of various strategies 

to enhance the photocatalytic activity of TiO2, including 

surface modification, doping with other elements, and 

combining TiO2 with other substances such as metals, metal 

oxides, and carbon-based compounds [3]. However, TiO2 has 

certain drawbacks, including a relatively large bandgap energy 

that restricts the amount of visible light that can be absorbed 

and the potential for electron-hole recombination, which can 

lower the effectiveness of its photocatalytic activity.  

Researchers have faced limitations in choosing the 

appropriate photocatalyst material for a specific pollutant or 

water treatment application for a long time. Some of the 

limitations occur during the studies, including the bandgap 

energy of the photocatalyst, the type of photocatalyst, and the 

use of metal oxides or doped metal oxides. The bandgap energy 

of a photocatalyst determines the wavelength of light that it can 

absorb and, consequently, its capacity to use solar radiation for 

photocatalytic activity. Materials that can absorb visible light 

frequently have lower photocatalytic effectiveness than those 

that can absorb ultraviolet (UV) light, which limits their 

applicability in a variety of water treatment applications. 

Furthermore, an ideal photocatalyst is chosen based on its 

specific application and desired qualities, such as efficiency, 

stability, and economy. Researchers continue to create new 

grades with better features to broaden the scope of potential 

photocatalysts for different industries.  

Researchers have discovered new methods and schemes to 

act as photocatalysts for photocatalytic decomposition. The 

synthesis of nanomaterials from microbial and plant species 

used for medical applications is called ‘nanoparticle 

biosynthesis.’ This approach is economical, safe, 

environmentally friendly, and biocompatible. Various 

organisms, including plants, bacteria, fungi, and algae, are 

involved in green synthesis. The mass production of impurity-

free ZnO doped with nitrogen is possible. By applying a 

biomimetic approach and reducing the use of expensive and 

hazardous chemicals, the catalytic activity of nanoparticles was 

enhanced. Green synthesis is a functional method for obtaining 

photocatalysts with photocatalytic activity.  

Lastly, there are several methods for synthesizing green ZnO, 

including microwave-assisted methods, hydrothermal, and co-

precipitation methods. In this study, the co-precipitation 

method has been chosen. The co-precipitation approach enables 

the two-step synthesis of ZnO by first precipitating the metal 

hydroxide and then heating the oxide to crystallize it. 

Additionally, it has numerous advantages over other chemical 

tactics, including low price, minimal strength intake, and 

capability for large-scale manufacturing [4]. Moreover, these 

methods are readily adaptable to green synthesis, including the 

fabrication of TiO2 and ZnO nanostructures. This study was 

conducted using the co-precipitation method, which can 

accelerate pure ZnO and green nitrogen-doped ZnO under light 

irradiation.  

 

 

II. MATERIAL AND METHOD 

The co-precipitation method was employed to produce N-

ZnO/GS. This is generally quite comparable to the preparation 

of green ZnO nanostructures using the plant extract-mediated 

co-precipitation method. The plant extracts and precursor 

solutions were mixed under agitation. Then, by changing the 

temperature or pH value of the mixture (by adding NaOH), the 

precipitation process and hydroxide formation are initiated. 

Third, the precipitate (manually or by centrifugation) was 

separated, washed with deionized water, and dried at low 

temperatures. In the final step, high-temperature heat treatment 

(calcination) was used to crystallize the oxide. The process of 

the co-precipitation method is simplified in Figure 1.  

 

 
Figure 1. Schematic diagram of co-precipitation method [5]. 

A. Preparation of green synthesis of ZnO 

Green synthesis of ZnO was prepared by extracting the 

extract from Carica papaya leaf. The dried leaves were then 

mixed with deionized water. The sample mixture will then be 

stirred and heated on a heating mantle for 30 minutes and 60°C, 

respectively. Subsequently, the mixture was cooled, and the 

liquid extract was stored in a laboratory freezer.  

 
Figure 2. Schematic diagram of papaya leaves extraction process 

 

B. Synthesizing of Green Nitrogen-Doped Zinc Oxide 

30 mL of Carica papaya extract was added to a flat-bottom 

flask containing 0.7 M zinc nitrate hexahydrate 

[Zn(NO3)2.6H2O], and the mixture was agitated at 50 rpm for 

60 minutes. The pH of the liquid was changed to 12 using an 

aqueous NaOH solution to ensure that the green zinc oxide 

particles had fully precipitated and the settling particles 

weighed a total of 9.8 g.  

Subsequently, 30 mL of deionized water and a flask with a 

flat bottom were filled with 1 g of urea and 9.8 g of green zinc 

oxide. The mixture was vigorously stirred at 80 rpm for six 

hours and allowed to stand for 30 minutes. The remaining solid 

was then oven-dried at 100°C for 6 hours after the liquid layer 

in the upper region was decanted. In the muffle furnace, the 

resulting solid material (green zinc oxide doped nitrogen) will 

be calcined at 350°C for two hours. The procedure will then be 

performed with urea at various masses ranging from 0.2 g to 2g.  
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Figure 3. Schematic diagram of the synthesis of N-ZnO/GS 

 

C. Photocatalysis  

The effectiveness of N-ZnO/GS was assessed in a 

photocatalytic experiment on the degradation of methylene 

blue dye compounds in synthetic wastewater. A beaker was 

filled with 0.1 g of photocatalyst and methylene blue dye 

solution (100 mL). The heated plate stirrer was switched on, 

and the solution was agitated in the dark for 15 minutes to reach 

an equilibrium between adsorption and desorption. An isolated 

box with a UV lamp was used to produce a dark atmosphere. 

After 15 minutes, 5 mL of MB was collected and labelled as 𝑇𝑜. 

The combination was then exposed to UV light for three 

hours to determine whether the photocatalytic process took 

place. The solution was collected every 30 minutes under 

continuous stirring. The UV light used had a wavelength of 365 

nm. All the samples were examined and analyzed using UV-

Vis spectroscopy. Figure 4 displays a schematic diagram of the 

experimental setup for methylene blue dye photodegradation. 

 

 
Figure 4. Experimental setup of methylene blue dye photodegradation process 

 

III. RESULTS AND DISCUSSION 

Based on this research, various results were obtained using 

the proposed precipitation method to synthesize N-ZnO/GS 

nanostructures. The three samples of N-ZnO/GS vary in the 

different doping masses of urea (carbamide), which are 1.0 g, 

1.2 g, and 2.0 g urea. The first four sections discuss the 

structural properties of N-ZnO/GS using FESEM, EDX, XRD, 

and FTIR analyses. Then, the photocatalytic reaction and the 

efficiency of the reaction are explained by UV-Vis 

spectroscopy. 

A. FESEM  

FESEM provides topographical and elemental information 

at magnifications ranging from 10 to 300,000 kX, with an 

almost infinite depth of focus. In this study, all three samples 

were analyzed at a magnification of 25 kX and 100 kX at 2.00 

kV. An illustration of the top view of the nanoflakes generated 

on the surface by FESEM is displayed in the following figure. 

Figures 5, 6, and 7 represent 1.0 g, 1.2 g, and 2.0 g of masses 

doping urea, respectively. 

 

 
 

Figure 5. N-ZnO/GS nanoflakes of 1.0 g urea at (a) 25 kx magnification 
and (b) 100 kx magnification 

 

 
 

Figure 6. N-ZnO/GS nanoflakes of 1.2 g urea at (a) 25 kx magnification 
and (b) 100 kx magnification 

 

 
 

Figure 7. N-ZnO/GS nanoflakes of 2.0 g urea at (d) 25 kx magnification and 
(f) 100 kx magnification 

 

The morphology of the N-ZnO/GS nanoflakes showed that 

the green synthesis of N-doped ZnO nanoflakes exhibits a flat, 

thin, and plate-like nanostructure despite their variation due to 

the doping masses. Since the morphologies of the three samples 

differed, it was evident that nitrogen had a significant influence 

on the structural characteristics. Green synthesis positively 

impacted the photocatalyst and may have enhanced the overall 

effectiveness of the photocatalytic process, as indicated by the 

increased surface area of the green nitrogen-doped ZnO. 

In Figures 5(a) and 5(b), the doping mass of urea was the 

lowest at 1.0 g. It can be clearly observed that the sample 

consists of nanoflakes that are larger in size than other 

nanoflakes in the image. The growth of ZnO nanoflake is a 

facile and cost-effective green technique compared with other 

chemical synthesis processes [6][7]. For this nitrogen doping 

method, most of the structures appear as irregular rod-like 

a b 

a b 

a b 
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particles. Figure 3(b) illustrates that, at a higher magnification 

of 100 kX, G.S. N-ZnO nanoflakes were discovered to have an 

average particle size of approximately 975 nm, with particle 

sizes ranging from 700 nm to 1300 nm. The images suggest that 

the heating reaction powder had a morphology resembling a 

network of G.S. N-ZnO flakes. This may be due to the fact that 

gaseous byproducts are quickly released during the heating 

reaction [8]. 

As the doping masses of urea were increased to 1.2 g, the 

FESEM image in Figure 6(b) depicts that the N-ZnO/GS had a 

porous structure consisting of flake-shaped particles. 

Compared with the nanoflakes without pores, the nanoflakes 

with pores can significantly reduce the volume density with 

wide absorption bandwidths [9]. 

In Figure 7(b), the result is similar to Figure 6(b). However, 

it has bigger pore features compared to Figure 6(b), as the 

whole substrate surface was covered with high density when 

the sample was grown at 2.0 g of doping urea. There are 

indications that the nanoflakes in The FESEM images display 

that nanoflakes are connected to each other and create a porous 

structure. This implies that individual nanoflakes are part of a 

larger, more interconnected structure than isolated objects. The 

composite has a particularly high specific surface area, as well 

as pore characteristics, which results in enhanced photocatalyst 

performance [10]. 

 

B. EDX 

The purity and elemental composition of the samples were 

determined using energy-dispersive X-ray spectroscopy (EDX). 

Figure 4.4 displays the EDX analysis recorded at three different 

doping masses of urea (carbamide), which are 1.0 g, 1.2 g, and 

2.0 g of urea. This analysis was performed to identify the 

components of N-ZnO/GS. Zinc, followed by oxygen, was the 

most abundant element in the nanostructure in all samples, as 

displayed in the spectra in Figure 8. Carbon (C) was present in 

the spectra of all samples, which might be a consequence of 

heating. Silicon (Si) is probably present since ZnO is produced 

on a silicon substrate. Calcium (Ca) and Aluminium (Al) might 

have originated from the substrate and holder material, 

respectively. However, compared to the other components 

present in all three samples, Zn and O were reported to 

dominate the proportion of materials, indicating that the 

acquired N-ZnO/GS sample is of good quality. 

Elemental mapping is displayed in Figure 9 for each of the 

three samples with varying doping masses of urea. This 

indicates that the components are dispersed evenly rather than 

concentrated in one area, as portrayed in Figures 9(a) and 9(b), 

indicating that the N-ZnO/GS nanoflakes in each sample are 

well-grown. However, in Figure 9(c), a 2.0 g doping mass of 

urea does not demonstrate good dispersion in the oxygen and 

carbon area due to uneven distribution or aggregation of the 

elements when preparing the sample.  

 

 

 

 
Figure 8. EDX spectra with different doping ratios of urea (a) 1.0 g of urea, 

(b) 1.2 g of urea, and (c) 2.0 g of urea 

 

 

  

  

  
Figure 9. The overall and elemental EDX mapping of N-ZnO/GS with 

different doping ratios (a) 1.0 g of urea, (b) 1.2 g of urea, and (c) 2.0 g of urea 

 

 

a 

b 

c 

a 

b 
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C. FTIR  

FTIR spectroscopy was employed to examine the functional 

groups of the N-ZnO/GS. The wave number range of 4000 – 

500 cm-1 reveals the functional groupings. As displayed in 

Figure 10, the urea masses in the spectra of the green synthesis 

of nitrogen-doped zinc oxide demonstrated four distinct peaks. 

The peaks are clearly indicated together with the groups and 

classes in Table I. 

 

 
Figure 10. FTIR Spectra for N-ZnO/GS with different doping ratios of urea (a) 
1.0 g of urea, (b) 1.2 g of urea, (c) 2.0 g of urea, and (d) pure ZnO 

 

TABLE I. FREQUENCY TABLE  

 Peaks (cm-1) Group Class 

 3394.69 N-H stretching Aliphatic 

primary 

amine 

1643.47 C=C stretching Conjugated 

alkene 

1372.56 O-H bending Phenol 

688.04 C=C bending Alkene 

 3452.65 O-H stretching Alcohol 

1626.66 C=C stretching Alkene 

1336.98 C-N stretching Aromatic 

amine 

882.05 C-H bending 1,3-

disubstituted 

 3346.16 N-H stretching Secondary 

amine 

1588.86 N-H bending Amine 

1324.96 C-N stretching Aromatic 

amine 

827.42 C=C bending Alkene 

 

As indicated in Figure 10, four peaks were present in the 1.0 

g, 1.2 g, and 2.0 g doping masses of urea. The peaks and their 

corresponding groups and classes are presented in Table I for 

sample 1. The third peak (3394.69 cm-1) is attributed to N-H 

stretching, confirming the presence of nitrogen arising from 

doping on the photocatalyst. However, the research by 

Prabakaran et al. stated that N-O stretching was present within 

the magnificence of the 1000-1200 cm-1 peak in the FTIR 

spectra [11]. Hence, considering that H prefers to interact with 

N at the anti-bonding site and form an N–H complex, this peak 

clearly demonstrates the passivation of N-ZnO by H [12]. This 

result confirms that N replaces O in the ZnO lattice. 

For sample 2, a peak at 3452.65 cm-1 is observed and could 

be associated with the stretching modes of the hydroxyl group 

(O-H). Carbon and nitrogen in nitrogen-doped ZnO film have 

previously been reported to have some associations [13]. In 

addition, the nitrogen dopant arises from the FTIR spectra, 

which gives the value of wavenumber (1136.98 cm-1), which 

belongs to C-N stretching. Extremely strong infrared 

absorption peaks for the nitrogen-doped ZnO films were 

observed in the frequency range, corresponding to the N–C, N–

N, and C–O modes. For Sample 3, there are three peaks 

presented in the figure above that indicate the presence of 

nitrogen as it has a higher doping mass of urea than the other 

samples.  

 

D. XRD 

XRD analysis was conducted to confirm the crystal structure 

of the N-ZnO/GS. Figure 11 displays the representative XRD 

patterns, which exhibit a few sharp peaks attributed to the high-

purity phases of the N-ZnO/GS nanostructures. All samples 

varied according to the amount of urea, as mentioned 

previously. Samples 1, 2, and 3 possess 1.0 g, 1.2 g, and 2.0 g 

masses of urea, respectively. The highest peak for each sample 

was recorded, which has (101) orientation on the plane with a 

mean angle of 2𝜃≈36.22°. The hexagonal wurtzite structure of 

ZnO is well supported by the diffraction peaks [14]. Since the 

synthesized ZnO was highly oriented, the c-axis must have 

grown perpendicular to the substrate surface, as indicated by 

the steep peak in the (101) plane [15]. While Sample 3 has a 

low peak, which denotes low crystallinity, and its utilization of 

2.0 g of doping urea are opposites in terms of each other. The 

crystallinity of the N-ZnO/GS, which involves the nucleation 

and growth mechanism, is thus affected by the doping masses 

of urea, as can be seen. 

The XRD results were examined to determine the average 

crystallite size of the N-ZnO/GS nanostructures. The crystal 

size (D) of the films was estimated using Scherrer’s equation 

and the plane of the zincite phase. 

                        𝐷 =  
0.89 𝜆

ß 𝑐𝑜𝑠 𝛳
,  (1) 

where D is the photocatalyst’s crystallite size, 0.154056 nm 

is the wavelength of the X-ray beam, ß is full width at half 

maximum, and ϴ is the angle of diffraction. According to Table 

II, the average crystallite sizes of samples one, two, and three 

were 28.52 nm, 29.27 nm, and 13.80 nm, respectively. The pure 

ZnO sample, sample four, has an average value of 46.76 nm, 

which is greater than the other values. The value of D exhibited 

an increment when the urea doping masses climbed from 1.0 g 

to 1.2 g and an inclination when the urea doping masses 

increased to 2.0 g. This is due to the increase in the pore features 

on the surface of Sample 2. Nevertheless, the crystallite size 

decreased at 2.0 g, possibly due to an alternative concentration-

dependent impact.  
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Figure 11. XRD spectra for N-ZnO/GS with different doping ratios of urea (a) 

1.0 g of urea, (b) 1.2 g of urea, (c) 2.0 g of urea, and (d) pure ZnO 

 

TABLE II. MEASUREMENT AND STRUCTURAL CALCULATION OF N-

ZNO/GS NANOSTRUCTURES  

Sample Dopant 

(g) 

hkl 

plane 

Lattice 

spacing, 

d 

2𝜽 
(°) 

Crystallite 

size, D (nm) 

S1 1.0 (101) 2.475 
36.2

6 
28.52 

S2 1.2 (101) 2.475 
36.2

4 
29.27 

S3 2.0 (101) 2.475 
36.2

4 
13.80 

S4 - (101) 2.478 
36.5

2 
46.76 

 

Table III provides a comparison of ZnO from the JCPDS 

library. From the table, it is clear that all three samples are 

similar to ZnO from the JCPDS library. Thus, it can be 

concluded that the synthesized ZnO has a good characteristic 

for the crystallographic part. 

 

TABLE III. THE XRD CRYSTALLOGRAPHIC DATA AND LATTICE 

PARAMETER OF JCPDS AND VARIED DOPING MASSES OF UREA  

Sample a (Å) c (Å) Volume 

(Å)  

c/a 

ZnO 

JCPDS 
3.2490 5.2050 47.583 1.602 

S1 3.2494 5.2054 47.598 1.602 

S2 3.2494 5.2054 47.598 1.602 

S3 3.2494 5.2054 47.598 1.602 

S4 3.2533 5.2073 47.730 1.601 

 

E. Photocatalysis 

UV-Vis spectroscopy refers to the absorption or reflectance 

of molecules in the ultraviolet-visible region using light from 

the visible and adjacent ranges. The experiment began with the 

measurement of 5 mL (T0) of the methylene blue dye. 5 mL of 

the methylene blue dye was added every 30 minutes until the 

180-minute mark was reached. Assigned the numbers T1, T2, 

T3, T4, T5, and T6 correspond to the solutions obtained after 30, 

60, 90, 120, 150, and 180 minutes, respectively.  

The time-dependent absorption spectra of the MB aqueous 

solutions in the presence of N-ZnO/GS upon exposure to 

visible light are displayed in Figure 12. The peak at 662 nm, 

which is the highest of the three samples and can be seen in the 

image, was subsequently selected to track the photocatalytic 

degradation process. 

 

 
 

 
 

 
Figure 12. UV-Vis spectra of N-ZnO/GS with (a) 1.0 g, (b) 1.2 g, and (c) 2.0 g 

doping masses of urea  

 

Equation 2 can be used to determine the efficiency of 

photocatalytic activity. The percentage of photodegradation 

and the percentage removal of MB dye of N-ZnO/GS are 

summarized in Tables IV, V, and VI for each sample. The 

percentage removal of MB dye was calculated using Equation 

3. 

 𝐷% =  
𝐴𝑜−𝐴

𝐴𝑜
×  100.  (2) 

 Percentage removal (%) = 
𝐶𝑜−𝐶𝑡

𝐶𝑜
 × 100.  (3) 

A graph based on Table IV is displayed in Figure 13. A 

trend of increasing photodegradation percentage can be clearly 

seen in the figure for all three samples. The photodegradation 

percentage of the first sample increased to 84.77% over time. 

The green nitrogen-doped ZnO nanostructure that was 

a 

b 

c 
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synthesized and doped with 1.0 g of urea is an excellent 

photocatalyst with good performance, as demonstrated in the 

figure. Next, for the sample with a 1.2 g doping mass of urea in 

N-ZnO/GS (which is sample 2), the photodegradation 

percentage increased to 46.02%, indicating a slight 

deterioration in photodegradation efficiency over time. 

Subsequently, as the reaction progressed, the photodegradation 

percentage in Figure 13 for sample 3 increased linearly to 

60.60%. This sample, which contains a 2.0 g doping mass of 

urea, performs better as a photocatalyst than the 1.2 g doping 

mass of urea. 

 

TABLE IV. PHOTODEGRADATION PERCENTAGE PROCESS OVER 

TIME FOR N-ZNO/GS AS PHOTOCATALYST 

Sample 

collected 

by time 

Time 

(minutes) 

 

Photodegradation Percentage 

(%) 

S1 S2 S3 

T0 15 0.00 0.00 0.00 

T1 30 13.23 5.49 5.79 

T2 60 46.88 15.43 12.91 

T3 90 50.56 23.00 28.97 

T4 120 67.34 33.98 37.87 

T5 150 83.24 41.19 44.11 

T6 180 84.77 46.02 60.60 

 

 

 

 
Figure 13. The photodegradation percentage process over time graph for 

various N-ZnO/GS as photocatalyst 

 

The percentage of methylene blue dye removed was also 

determined. As time increased, the trend of the graph in Figure 

14 illustrates a pattern that indicates a reduction in the 

percentage removal of methylene blue dye. After 30 minutes of 

photocatalyst with 1.0 g of urea dopant exposed to UV light, 

the proportion of methylene blue dye started at 86.79%. At the 

end of the process, only 15.23% of the methylene blue dye 

remained. There was a noticeable pattern as the initial 

percentage of 94.51% dropped to 53.98% for Sample 2. Finally, 

the proportion of methylene blue dye at the start of the 

experiment for sample 3, which possesses 2.0 g of urea, was 

94.21% when the photocatalyst was exposed to UV light for the 

first half hour. After 180 minutes, it steadily decreased until it 

reached 39.40% methylene blue dye. 

 

 

 

 

TABLE V. REMOVAL PERCENTAGE OF METHYLENE BLUE OVER 

TIME FOR N-ZNO/GS AS PHOTOCATALYST 

Sample 

collected 

by time 

Time 

(minutes) 

 

Removal Percentage (%) 

S1 S2 S3 

T0 15 0.00 0.00 0.00 

T1 30 86.79 94.51 94.21 

T2 60 53.12 84.56 87.09 

T3 90 49.44 76.99 71.03 

T4 120 32.66 66.02 62.13 

T5 150 16.76 58.81 55.88 

T6 180 15.23 53.98 39.40 

 

 

 

Figure 14. The removal percentage of methylene blue over time graph for 

various N-ZnO/GS as photocatalyst 

IV. CONCLUSIONS 

This research has investigated the three distinct doping 

masses of urea (1.0 g, 1.2 g, and 2.0 g) in green synthesized 

nitrogen-doped zinc oxide (N-ZnO/GS) using zinc nitrate 

hexahydrate, urea, and liquid extract from papaya plants. With 

the use of FESEM-EDX, FTIR, and XRD analysis, the 

morphology, functional groups, surface characteristics, and 

crystallinity of 1.0 g, 1.2 g, and 2.0 g doping mass of urea in N-

ZnO/GS were investigated. Doping and green synthesis were 

effectively carried out during the photocatalyst preparation 

stage, as evidenced by the noticeable differences in the findings 

from the FESEM-EDX, FTIR, and XRD examinations for the 

1.0 g, 1.2 g, and 2.0 g doping masses of urea in N-ZnO/GS. The 

ideal MB degradation percentages in N-ZnO/GS were 84.77%, 

46.02%, and 60.60% for urea doping masses of 1.0, 1.2, and 2.0 

g, respectively. 

In summary, the limited scope indicates that 1.0 g of urea is 

the most optimal doping mass for synthesizing N-ZnO/GS. The 

study’s findings revealed that green synthesis and less doping 

significantly improved the capacity of ZnO for photocatalysis, 

which in turn increased the breakdown of MB dye. This 

research demonstrated the economic viability of wastewater 

treatment through the degradation of organic pollutants under 

sunlight exposure, suggesting the potential applicability of this 

method in extensive wastewater treatment infrastructures. 
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FUTURE PERSPECTIVES 

Photocatalytic processes are acknowledged as promising 

technologies that can safely and cleanly solve energy and 

environmental issues without the need for additional energy-

intensive equipment. The practical use of photocatalysis on an 

industrial scale is still relatively restricted, although much 

research has been conducted on photocatalysts. In-depth efforts 

are required to overcome diverse barriers and enhance the 

viability of this generation in the future. First, a significant 

advancement in photocatalysis is the use of sunlight as a light 

source, which holds promise for improving the overall 

effectiveness and usefulness of the technology. Through the 

strategic integration of sunlight, the photocatalytic process can 

utilize a wider range of wavelengths from the solar spectrum, 

including both UV and visible light. Changing from the 

traditional method of depending only on UV light takes care of 

a significant technological shortcoming that has limited 

penetration into complex environmental matrices. The wide 

range of wavelengths emitted by sunlight guarantees a 

complete activation of the green zinc oxide-doped nitrogen 

photocatalyst, creating opportunities for a more potent and 

adaptable reaction to various environmental factors and water 

contaminants. 

Furthermore, the synthesis of nanostructures may lead to 

additional traits. Photocatalysis frequently improves the 

performance of photocatalytic processes. Notwithstanding the 

reality that present techniques might also yield terrific 

photocatalysts with large surface vicinity, tiny particle length, 

extended fee service lifetime, and different traits, further 

research is required in this region. Additionally, it is necessary 

to address operational concerns, such as the photoactivity of 

recycled photocatalysts and photocatalyst loss and recovery 

throughout the submit-remedy. To predict the quantum yield, 

kinetics, and perfect technique parameters for photocatalytic 

structures used in water remedies, more thorough research is 

essential to develop and evaluate mathematical models [16]. 

The promise of this technology, particularly in the realm of 

environmental applications such as photocatalytic degradation 

of pollutants, necessitates meticulous exploration of methods to 

scale up production. The process of scaling up entails 

modifying current laboratory procedures to handle greater 

numbers and volumes while preserving efficacy and economy. 

Understanding the practical and economic aspects of industrial-

scale production is crucial. The availability of raw materials, 

potential financial consequences, energy use, and overall 

process efficiency are key factors in assessing whether a large-

scale implementation is feasible. The research should focus on 

improving the synthesis techniques to guarantee repeatable and 

consistent results on a larger scale. Moreover, it is also critical 

to look into economical and sustainable raw material sources, 

such as Carica papaya leaf extract, and determine how much 

energy will be needed for operations that are expanded [17]. 

Green zinc oxide doped nitrogen production has great 

potential, and addressing its scalability will help make it an 

industrially feasible alternative for large-scale environmental 

cleanup projects. Making environmentally friendly solutions 

practical and impactful for everyday use is the ultimate aim, 

and the path towards scalable procedures aligns with this 

objective. 
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