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ABSTRACT 
The motivation behind this study is to stress the worth of green amalgamation in the development of nanomaterials. 
Regarding this declaration, we said that we have examined the morphological, optical, underlying, and 
photocatalytic color debasement exercises of the incorporated ZrO2 nanoparticles as well as their biosynthesis by 
means of a response intervened by mythical serpent organic product bloom separate. UV-noticeable spectroscopy 
was utilized to identify a huge absorbance top at 360 nm. The utilization of SEM affirmed that the nanoparticles, 
which had a typical size of 17.5 nm, were circular in shape. The nanoparticles' zirconium (70.88%) and oxygen 
(29.12%) contents were checked utilizing energy-dispersive X-beam examination. The nanoparticles' X-beam 
powder diffraction (XRD) spectra demonstrated their crystallinity. While the information from HR-TEM shows 
particles that are 33.75 nm in size. When the photocatalytic movement of ZrO2 NPs was researched, Methyl Orange 
showed 54.2 % debasement following 120 minutes of UV openness and 68.50 % corruption following an hour and a 
half of UV openness, individually. This fresh-out of the plastic bio-ZrO2 nanoparticle was utilized to study the 
photocatalytic breakdown of methyl orange when presented with apparent light. The cationic color was separated by 
the engineered bio-ZrO2 shortly with 91.8 % corruption ability. 
Keywords: Nano ZrO2, Dragon Fruit Peel, Photocatalytic Activity, Methyl Orange. 
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INTRODUCTION 
The end or expulsion of colors from polluted streams has been endeavored to utilize various synthetic and 
natural systems, including electrochemical strategies, compound medicines, initiated carbon-helped 
adsorption, and ozone treatment, among others. The upsides of involving NPs in the photocatalysis cycle 
(high surface-volume proportion, high surface energy, prevalent qualities than materials on a perceptible 
scale, and so forth.) have been concentrated as of late. Aqueous, solvothermal, gel sol, and compound 
fume precipitation, radiation substance decrease, sonochemical strategies, ultrasonic light, and 
microwave-helped blend are a couple of the most involved methods for making NPs advance an electron 
from the valence band (BV) over into the conduction band (CB) and make an electron-opening pair (e-

h+), the photocatalysis cycle includes the excitation of an electron1-4, which is achieved by the retention 
of light with an energy equivalent to or more prominent than the band hole of the photocatalysts. The 
negative electrons in the BC lessen oxygen to make superoxide revolutionaries (O2•-), and the positive 
hole made in the BV oxidizes close by water particles to deliver hydroxyl extremists (OH•). The two 
extremists are strong oxidizing substances that assist impurities in water with corrupting. Water pollution 
is mostly caused by the overuse of agrochemicals (fertilizers and pesticides), pharmaceuticals and 
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personal care products, domestic waste, and industrial waste discharges, such as heavy metals and organic 
dyes. An estimated 7.0 105 tons of synthetic dyes are generated annually, of which 2.0 105 tonnes are lost 
to the environment (lakes, rivers, seas, and oceans) as a result of the textile industry's inefficient dying 
process, causing significant pollution and health problems. Most organic dyes cause burns, cancer, 
dermatitis, respiratory and digestive problems, as well as mental difficulties, among other problems.5-10 
This unique technique of biosynthesis has enabled results with elements from nature but is still equivalent 
to chemical NP synthesis approaches. Plant extracts have received an abundant deal of consideration for 
green synthesis because of their non-pathogenicity and the tightly regulated assembly of biomolecules 
synthesized during biosynthesis. Additionally, biomolecules contained in plant extracts such as 
polyphenols and amines, which can act as metal salt reducers, can lower aqueous solutions.11-13 An 
excellent replacement is plant-mediated synthesizing, which is also user-friendly and environmentally 
responsible. These plant-mediated metal oxide nanoparticles have extensive uses in biomedicine, 
photocatalysis, antibacterial therapy, sensors, and antioxidants.14 Many nations around the world see a 
considerable impact from the textile sector on their economies. These industries generate high or low-
color wastes depending on the degree of fixing of the dyestuffs on the substrates, which differs with the 
nature of the materials, the expected intensity of color, and the application technique.15 Given the state of 
the environment today, it is widely acknowledged that human activity and scientific advancement are to 
blame for the loss of drinking water's properties. New techniques and materials are being developed by 
researchers that can be used to turn wastewater into a resource for everyday usage.16  
An advanced technique for environmental management is the use of zirconium oxide nanoparticles in the 
dye removal business. Thus, the focus of this research is on creating more ecologically friendly 
Nanocomposites from biopolymers for widespread use in dye adsorption, fuel cells, sensors, and dentistry 
domains.17 The study is distinctive in that it explains the production of zirconium oxide nanoparticles 
using only environmentally friendly methods, with the removal of Methyl Orange dye being one of its 
uses. As a result, our study will advance the field of dye degradation using synthetic ZrO2 nanoparticles 
that are safe for the environment.18-20 On the other hand, nothing is known at this time about the 
application of this dragon fruit flower extract in ZrO2 nanoparticles. In this work, we report a green 
chemical process for preparing ZrO2 nanoparticles (NPs) from dragon fruit flowers. As a result, the 
suggested work implies that producing zirconium oxide nanoparticles through green synthesis is a highly 
cost-effective and environmentally responsible method. The BFE-ZrO2 nanoparticles' photo-degradation 
potential was examined. It is also predicted that broad implementation of this approach will contribute to 
the improvement of contemporary, eco-friendly elements for future research purposes.  
The green ZrO2 nanoparticles that were produced with the help of extract from dragon fruit flower show 
potential for use in wastewater applications because they are efficient photocatalysts for the detection and 
removal of organic environmental pollutants in water bodies close to the textile, dye, and tannery 
industries, among others. 

EXPERIMENTAL 
Materials  
Sigma-Aldrich was the source of all other chemicals and reagents, including the 99.4 % pure methyl 
orange-red dye. All of the glassware was completely rinsed with de-ionized water and acid-washed before 
use. Double distilled water was used for each experiment. 
 
Collection of Dragon Fruits and Peel 
During the post-monsoon season (March 2023) in Chennai, Tamil Nadu, South Eastern India, dragon fruit 
peels were purchased from local vegetable markets. 
 
Preparation of Dragon Fruits Peel Extract 
To extract the pulp, the dragon fruits and peel were cut open (Fig.-1). At -50 °C and 0.040 mbar, the pulp 
was freeze-dried for 48 to 72 hours using a Christ Freeze Dryer Alpha 1-4LD Plus. Using an MRC Knife 
Mill Cup, the material was ground into a powder and stored at -80 °C until required. 
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ZrO2 Nanoparticle Synthesis Employing Extract from the Peel of Dragon Fruits  
Ten milliliters of peel extract from dragon fruits were treated separately with Separate 0.1M, 0.3M, and 
0.5 M Zirconyl nitrate solutions were added to 10 ml of Dragon Fruit peel extract, and the mixture was 
agitated for three hours at 80°C. To further purify it, it was centrifuged for 30 minutes at 5000 rpm. 
Deionized water was then used on a regular basis to clean it. After that, it was kept for two hours at 120°C 
in a hot air oven. 
 

    
Fig.-1: Dragon Fruits and Peel  

 

The 500°C calcination process took four hours to produce the dark brown powder. The 0.3M and 0.5M 
preparations were being made using the same process, respectively. The reaction mixture's color changed 
from light brown to dark brown, indicating that BFE-ZrO2 NPs had formed. The explanation for this is 
that phenolic chemicals, which are found in CFE, reduce Zr2+ ions to Zr0. Extracts from flowers have been 
found to function as both a capping agent and a reducing agent for the metal nanoparticles. 
 

Characterization 
All powdered X-ray diffraction (XRD) patterns were obtained using an Analytical (X'Pert PRO) 
diffractometer equipped with a Cu-K radiation source (= 0.1541 nm). The ELICO SL-159 
spectrophotometer was used to measure the UV-Vis absorption spectra. Using a 5DX FT-IR spectrometer 
(spectral resolution 2 cm-1), the FT-IR spectra of a dry potassium bromide pellet at room temperature 
were captured in the 4000-400 cm-1 region. The morphology of the material was investigated using the 
field emission-scanning electron microscopy (CARELZEISS) model EV018. All TEM images were taken 
at room temperature (RT, 298K) using an electron microscope (JEOL SM-7600 F, Japan) equipped with a 
field-emission gun at an acceleration voltage of 200 KV. The maximum number of nanoparticles is 
determined using dynamic light scattering (DLS) experiments. 
 

Photocatalytic Activity 
Methyl Orange dye was degraded under the effect of D-2 Lamp and Tungsten halogen lamp (W Lamp 
power is: AC 220V / 50 Hz) to determine the photocatalytic activity of BFE-ZrO2 nanoparticles. Ten 
milliliters (ml) of a dye solution (0.05 g) were added to 50 mg of BFE-ZrO2 nanoparticles. The photo 
reaction vessel and UV source were placed 10 cm apart. After turning on the lights and recording the 
readings, the suspension was agitated for 30 minutes in a dark medium.21–24 The concentrations of various 
aqueous suspensions (Methyl Orange) in each sample were determined using comparable techniques. 

 

Effect of DPPH scavenging (%) inhibition = [(control absorbance - reaction mixture    
absorbance)/control absorbance] X 100 

 

RESULTS AND DISCUSSION  
UV Visible Spectroscopy 
The utilization of UV-visible spectroscopy to evaluate the optical characteristics of as-prepared BFE-ZrO2 
nanoparticles, as illustrated in Fig.-1. The broad maximum absorbance of the broccoli flower extract in 
the UV-visible spectrum was found to be 361 nm; the other absorbance is 343 nm and 346 nm. 
Consequently, we were able to verify that ZrO2 nanoparticles were made via plant extraction.     
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Fig.-1: UV-visible Spectrum for BFE-ZrO2 Nanoparticle 

 

Fourier Transform Infra-Red Spectroscopy (FT-IR)   
The functional groups for ZrO2 production (0.1M, 0.3M, and 0.5M) in the CC flower extract were found 
using FTIR analysis. The absorption bands for the ZrO2 nanoparticles are displayed in Fig.-2 at 3434, 
2924, 2853, 1644, 1384, 1036, 779, and 472 cm-1. We conclude that the compound contains proteins and 
amino acids based on the large absorption peak at 3434 cm-1, which may have been caused by the 
presence of phenolic compounds with an O-H bond stretching, and the peak at 1644 cm-1, which is caused 
by an amine N-H bending vibration bond.30 The 1384 cm-1 and 1030 cm-1 peaks, respectively, are 
correlated with the aromatic vibrations' O-H and C-O stretching groups. The phenolic groups and the 
alcoholic group C-N Stretching vibration are represented by the strong peaks that can be seen at 1380 cm-

1 and 1035 cm-1, respectively. Zr-O vibrations were observed in the peaks of the absorption bands at 470-
778 cm-1. 

 

 
 
 
 
 
 
 

 
Fig.-2: FT-IR Spectrum for BFE-ZrO2 Nanoparticle 

 

X-ray Diffraction Analysis 
Utilization of X-ray diffraction to verify the phase of the DFE-ZrO2 nanoparticles (0.1M, 0.3M, and 
0.5M).  The peaks at 2 values of 30.18, 35.08, 40.51, 50.30, and 59.88, respectively, represented the 
crystal planes (111), (200), (211), (220), (131), and (131). The Joint Committee on Powder Diffraction 
(JCPDS Card No. 79-1766), which was used to discuss similar X-ray diffraction, has set standards for the 
tetragonal phase, which this peak demonstrates to be in compliance with. The zirconium oxide 
nanoparticles were shown to be well-crystalline by the strong, highest, narrowest peaks (111) (Fig.-3). 
The ZrO2 nanoparticle's average particle size was determined using the Debye-Scherer formula: 

D =
0.9λ

2βcosƟ 
 

 
Where β is the peak's Full Width at Half Maximum (FWHM), D is the crystal size, and λ is the 
wavelength of the Cu-Kα radiation.  The average particle size of ZrO2 nanoparticles was 17.6 nm. 
 

Scanning Electron Microscope (SEM) 
SEM analysis revealed that the green synthesized ZrO2 nanoparticles were spherical and triangular in 
shape (Fig.-4). The synthesized DFE-ZrO2 nanoparticle was analyzed using Energy energy-dispersive X-
ray to determine its elemental composition. Of the elements, zirconium makes up 70.88% and oxygen 
makes up 29.12%.    
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Fig.-3: XRD Spectrum for BFE -ZrO2 Nanoparticle 
 
 

          
Fig.-4: SEM images of BFE- ZrO2 Nanoparticle 

 

Transmission Electron Microscopy (TEM) with SAED 
The size formation and surface features of green synthesized BFE-ZrO2 nanoparticles demonstrated their 
homogeneity and nanoscale. Most of these BFE-ZrO2 NPs have a cubic shape and are between 5 and 100 
nm in size. The SAED analysis of BFE-ZrO2 nanoparticles revealed a crystalline structure with a length 
of 6.174 10 1/nm, as shown in the ring-like pattern shown in Fig.-(5a, & 5b).   

 
 
 
 
 
 
 
 
 
 

 
 

 
Fig.-5: High-Resolution TEM Images (5a and 5b) for BFE-ZrO2 Nanoparticle and the Selected Area Electron 

Diffraction(SAED) Were Shown in Fig.-5c 
 

Dynamic Light Scattering (DLS) 
The DLS method is recommended for the analysis of particles sized between 93.6 nm and 103.5 nm. The 
average particle size of the biosynthesized BFE-ZrO2 nanoparticles (0.1M, 0.3M, and 0.5M) was 
determined to be 93.7 nm. ZrO2 nanoparticles with diameter values of 93.6, 84.2, and 103.5 were 
produced using dragon fruit peel extract at concentrations of 0.1M, 0.3M, and 0.5M.  Some of the factors 
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that affect the assessment of particle size are the size of surface structures, the size of the particle core, 
and the concentration of the particles. Figure-6 displays the findings of the particle size measurements.   
 

 
Fig.-6: DLS Analysis for BFE -ZrO2 Nanoparticle 

 

Photocatalytic Studies 
BFE-ZrO2 nanoparticles' photocatalytic activity was employed to study the methylene red dye's 
degradation in an aqueous solution. ZrO2 nanoparticles were produced using various concentrated 
solutions (10 g/ml, 50 g/ml, 100 g/ml, 250 g/ml, and 500 g/ml). The suspensions were magnetically 
stirred for half an hour in the dark prior to being exposed to radiation. After that, the photoreaction vessel 
was exposed to UV radiation in a typical setting. The methylene red absorption spectra over time are 
shown in Fig.-8. (0, 30, 60, 90, 120 and 150 minutes). The unique absorption peak of the MR at 664 nm 
rapidly decreases after the first hour, and the UV exposure gradually decreases over the next few hours 
(up to four hours). An illustration of the photo-removal efficiency of the BFE-ZrO2 nanoparticles is 
shown in Fig.-7. The highest degradation efficiency is seen at 500 g/ml when comparing all 
concentrations. At 0 30 60 90 and 120 minutes under UV irradiation, respectively, the percentage 
degradation of methyl orange was 79.58%, 76.92%, 72.26%, 65.26%, 51.10%, and 17.66%. 
 
 

 
Fig.-7: Photocatalytic Activity of DFE -ZrO2 Nanoparticles 

 

Table-1: Photo-Catalytic Efficiency of ZrO2 Nanomaterial’s 

S. No. 
Time interval 

(Minutes) 

% of Test sample concentration (mg/ml) 

Control 
10 

 µg / ml 
50 µg/50ml 

100 
µg/50ml 

250  
µg/ 50ml 

500 
µg/50ml 

1. Initial 100 29.90 35.02 42.86 63.28 79.58 
2. 30  100 31.20 47.91 49.76 65.22 76.92 
3. 60  100 33.22 49.80 52.92 63.80 72.26 
4. 90  100 27.62 28.74 49.62 45.68 65.24 
5. 120  100 23.10 37.62 40.41 43.20 51.12 
6. 150  100 2.32 7.08 12.96 14.12 17.64 

 
The percentage of photo-removal efficiency was calculated using the formula given below: 

Percentage Photo-degradation = C0 - C/C0 × 100 
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Where C0 is the dye's initial concentration and C is the dye's final concentration following photo-
irradiation. Consequently, dye degradation occurs when ZrO2 is present. By measuring a drop in peak 
intensity using spectrophotometry, it is possible to confirm the presence of a nanoparticle visually. 25-28 
 

CONCLUSION 
The method used to create the CC-zirconium oxide nanoparticles is rapid, secure, and economical. The 
UV-visible spectrum showed absorbance at 248 nm. ZrO2 nanoparticles' FT-IR spectra showed a range of 
functional groups.  The average particle size of 63 nm was also confirmed by DLS studies. Using SEM 
analysis, the size of the ZrO2 nanoparticles was determined to be in the range of 72.5 nm. The elemental 
composition was analyzed using the EDAX spectroscopy. XRD analysis verified the trigonal shape and 
sharp maximum peak of ZrO2 nanoparticles at the (111) plane, thereby confirming their crystallinity. It 
was found that the average crystalline size was 5.58 nm. The particle sizes, as determined by High 
Resolution-TEM analysis, were 5.5 nm, 5.7 nm, and 6.3 nm. The length of the SAED pattern was 6.18 
nm. The photocatalytic activity of ZrO2 was studied at a concentration of 90%. When exposed to 
ultraviolet light, the synthesized DFE-ZrO2 nanoparticle highly photocatalytically breaks down the 
Methyl Orange dye. It is therefore quite helpful in resolving our environmental issues. Thus, these Nano 
composites successfully inhibited the DPPH assay. These findings imply that photocatalytic and anti-
oxidation processes may benefit from the use of the environmentally produced ZrO2 nanoparticle. 
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