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Abstract 

In this study we using zirconium sulfate, Punica granatum plant extract, and an alkaline medium, 

to created ZrO2 nanoparticles. They were then characterized using a variety of techniques, 

including FT-IR, UV-visible, atomic force microscopy, X-ray diffraction, transmission electron 

microscopy, scanning electron microscopy, and energy-dispersive X-ray spectroscopy. The 

Debye-Scherrer equation was used to calculate the crystal size in X-ray diffraction and found to 

be 27.82 nm. The particle size of ZrO2 nanoparticles was determined using atomic force 

microscopy, scanning electron microscopes, and transmission electron microscopy. Utilizing 

ZrO2 NPs, the metal ions M (II) = Co, Ni, and Cu were successfully adsorbed, proving that the 

three metal ions could be removed from the water at the same time. Over the time frame and 

under the circumstances, Ni(II) has the highest rate of adsorption. Co, Ni, and Cu ions had 

removal efficiencies of 32.79%, 75.00%, and 30.20%, respectively. Three concentrations of the 

ZrO2 nanoparticles were tested against two types of bacteria, Escherichia coli and 

staphylococcus, and one type of fungus, Candida, in various concentrations of (25, 50, and 75) 

mg/L. The outcomes were contrasted with those attained using the medications Amoxicillin and 

Metronidazole. 
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1. Introduction 

The study of nanotechnology involves creating nanoparticles and controlling their physical and 

chemical properties to maximize their application in a variety of fields for the benefit of people. 

When compared to bulk materials, changes in certain characteristics, such as size, morphology, 

and surface area, enhance the biological activity of nanoparticles. In most cases, physical and 

chemical processes are used to create the nanoparticles. The physical method of synthesis was 

expensive, and the chemical method uses risky chemicals that have an adverse impact on both 

people and the environment [1]. So, using microorganisms and plants, scientists developed a 

method for making nanoparticles that is environmentally friendly and green. The benefit of using 

plants is that, unlike microbial cultures, they do not need media preparation. The presence of 

capping, stabilizing, reducing, and oxidizing agents in plant parts, which support their synthesis 

process, is another benefit [2]. Fruits and plants are abundant in antioxidants, and they also 

contain a variety of healthy nutrients and small molecules that are good for human health. Punica 

granatum was a type of fruit that was widely consumed in every country (Pomegranate) [3]. 

Pomegranate peel extract is rich in vitamins, minerals, flavonoids, phenolic acids, and 

antioxidants [4]. The antimicrobial activity of various pomegranate plant extracts against human 

pathogens has been demonstrated to be moderate [5]. Numerous studies have documented the use 

of zirconium oxide (ZrO2) in a variety of applications, including adsorption, photo-degradation, 

antimicrobial agents, and structural reinforcement [6]. Enhanced mechanical, thermal, catalytic, 

and mechanical properties are found in the transition metal zirconium, which also has a high 

degree of corrosion resistance [7]. Several techniques were used to analyze the obtained ZrNPs' 

antioxidant potential [8]. 

2.  Materials and Methods 

Hydrated zirconium sulfate samples were used and collected Punica granatum from a nearby 

source. ethanol from Sigma Aldrich, NaOH from Alpha India's Alpha Chemical, and ZrSO4.H2O 

water was all purchased from England, as well as nickel, copper, and cobalt sulfate. A magnetic 

stirrer, a sensitive electronic balance model as 220C1, a centrifuge type PLC, an electric oven 

type (FAITHFUL) model -WHL, and 25 AB were among the spectroscopic and microscopic 

techniques used to create and identify the compounds. FT-IR (8500S) type spectroscopy in the 

400–4000 cm-1 range, XRD diffraction type PW1730 (Phillips/ Holland) Shaking Water Bath 

type (SCL FINETEDI), PH-type UV–visible tape measure (160/Uv) Shimadzu, and (centre of 

examinations). Use of an X-ray energy dispersion device, SEM type FESEM-EDS Model 

MIRAIII, manufacturer TESCAN, and the Czech Republic of manufacture (EDX). Atomic force 

microscopes AFM and TEM have the model number EM10C-100Kv. 

2.1. Preparation of Punica Granatum extract and ZrO2 NPs 

 Pomegranate fruits needed for the study were bought at the neighborhood market. Fruits and 

glassware were cleaned in a hot air oven after being washed in deionized water. The pomegranate 

peels were taken off later, thoroughly cleaned with deionized water, and allowed to air dry. About 

20 grams of dried fruit peels were combined with 100 mL of distilled water and boiled for 10 

minutes in an Erlenmeyer flask. Whitman filter paper No. 3 was used to filter the heated liquid 

after that. The solution was filtered and then put in the fridge. The green synthesis method was 

used to create ZrO2NPs from the preparation process. After adding 0.1M slowly (one drop per 

second) and stirring for 30 minutes, 50 ml of ZrSO4.H2O and 100 ml of pomegranate peel extract 

were used. The pH increased to 10–12 after the addition of 50 ml of 1 N NaOH to the solution. 

The outcome was a precipitate of dark black crystals that were washed with deionized water (all 
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steps done with a centrifuge, then decantation). It was then baked for four hours at 120°C and 

sintered for four hours at 250°C. A white powder containing zirconium oxide nanoparticles was 

created. 

 

2.2. Adsorption study 

CoCl2.6H2O (10g) was dissolved in 1 litre of distilled water to produce 10000 ppm to make a 

stock solution. Since 5g of NiCl2.4H2O and CuCl2.2H2O were dissolved in 1 liter of distilled 

water to create the stock, its concentration was 5000 ppm. By mixing 0.1 g of the adsorbent 

nanoparticle with 50 ml of a 1000 ppm liquid solution in a shaker water bath set at 26° C and 

shaking at 150 rpm, it was possible to adsorb metal ions onto the surface of ZrO2 NPs. 

Centrifuging was then used to periodically separate the adsorbent from the solution. Using the 

calibration curve, the remaining concentration after adsorption was estimated by measuring the 

clear solution using a visible spectrophotometer [9]. 

2.3. Biological Activity 

Using the disc diffusion method in a nutrient medium (jellos medium) of the Muller Hinton agar 

type, the antimicrobial activity of the synthetic ZrO2 NPs at concentrations of approximately (25, 

50, and 75) mg/L was checked against two reference bacterial strains, (G+) S. aureus and (G-), 

Escherichia coli, as well as the fusarium Candida albicans. The same process was used to assess 

the nutrient medium with a potato dextrose base's antifungal activity (agar)[9,10]. 

3. Result and discussion  

3.1. FT_IR spectrum analysis   

The Zr-O bond is present in the ZrO2 structure, as shown by the bands at (435.92-500) cm-1 in 

the ZrO2 FTIR spectrum shown in Figure1. Other bands may be due to remnants of active groups 

in the plant extract [11, 12].  

 
Figure 1: FT-IR spectrum of ZrO2NPs 

 

3.2. The UV-Visible spectrum 

Figure 2 depicts the biosynthesis of ZrO2NPs' UV-Vis absorption spectrum. The transition hole 

process between Zr and O caused the absorption peak in this spectrum to appear at 342.0 nm [13]. 
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Figure 2. UV-Visible spectrum of ZrO2Nps 

 

3.3. X-Ray Diffraction (XRD) 

According to XRD analysis, orthorhombic ZrO2 consistent miller indices hkl values (111), (002), 

(022), (031), (131) crystal planes are allocated to a series of diffraction peaks at 2θ of 15.8451, 

18.9344, 24.6488, 25.2519, 26.6040, 34.0037, 39.1056, 46.1781, 51.6897, and 74.4164, 

respectively. The average crystal size was calculated using the Debye Scherrer equation (D = 0.9 

λ/ β cos θ) where D= the average crystalline size and the Cu K X-ray radiation (λ = 1.5418Å), 

and it was discovered to be 27.82 nm in Figure 3  and Table 1. 

 
Figure 3. XRD of ZrO2 NPs 

 

Table 1. The data of XRD for ZrO2 Nps  

Pos. 

[°2Th.] 

Height 

[cts] 

FWHM  

[°2Th.] 

Particle size (nm) Average crystal size 

(nm) 

15.8451 188.47 0.2952 28.31  

 

 

        27.82 

 

 

18.9344 614.50 0.2460 34.19 

24.6488 3039.56 0.2460 34.85 

25.2519 5963.14 0.2952 29.71 

26.6040 1061.55 0.2952 30.14 

34.0037 2155.46 0.3444 25.92 

39.1056 825.46 0.5904 15.52 

46.1781 512.50 0.3936 23.99 

51.6897 500.78 0.3444 27.79 

74.4164 294.31 0.8400 12.29 
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3.4. EDX 

Zirconume and oxygen exhibit the anticipated peaks in the ZrO2 Nps EDX spectrum. Figure 4  

having a 1:1 ratio between them. The outcomes show how incredibly pure the produced 

nanoparticles are; real-world estimates from the EDX measurement and basic theoretical 

calculations also yield similar results [12]. 

 

 
Figure 4. The EDX of ZrO2 NPs 

 

3.5. SEM and TEM analysis 

The morphology and shapes of nanomaterial's were determined using SEM and TEM. SEM and 

TEM measurements of Figures 5 and 6 show low amounts of rods in nano-structured, 

unconsolidated shapes of ZrO2 NPs. The ZrO2 nanoparticles in the TEM image appeared as a 

nanoscale UN-consolidated structure. It should be noted that the samples have a high pore 

content, which makes them stand out in adsorption applications [13]. The TEM image revealed 

that ZrO2 nanoparticles were tightly packed. The sample appears to contain measurements of its 

spherical structural properties that are zero-dimensional (all of the dimensions are nanoscale), 

which is highly preferred in chemical nature for nanomaterials, though the shape of the sample 

cannot be determined with absolute certainty due to measurement accuracy [14]. 

 

 
 

Figure 5. SEM of ZrO2 NPs. 
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Figure 6: TEM of ZrO2 NPs 

  

 

3.6. AFM analysis 

AFM surface analysis must be carefully scrutinized because a variety of variables, including the 

presence of deformations or the existence of image artifacts brought on by a tip and/or 

contamination, may result in false positives. One of the important factors is whether or not to 

operate in contact. The degree of surface contact between the sample and its tip, or contact mode, 

severely degrades ZrO2 Nps nanoparticles. The tip is placed very close to the sample but not in 

contact with it; hence, the only mode necessary for this task is the non-contact one. In terms of 

optical behaviour, Figure 7 shows the development of three-dimensional spherical clusters of 

ZrO2 Nps following metallization [15]. Due to the environmentally friendly synthesis of the 

nanomaterials, the surface of the sample has pores, is highly rough, and tends to have an 

amorphous shape. According to the Height Accumulation Distribution Report of ZrO2 NPs, the 

prepared oxide nanoparticles have a size range of 17 to 17 nm. This proves that the nano oxide 

manganese made with pomegranate peel extract actually exists [16,17]. 

 
Figure 7. The AFM of ZrO2 NPs. 
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Figure 8: Height Cumulation Distribution Report of Zro2 Nps 

 

3.7. Adsorption Study 

In a comparison of the adsorption behaviour of the prepared ZrO2 nanoparticles, the adsorption 

time profile for each ion was displayed. The continuous adsorption growth of Co (II) indicates 

that the process is out of equilibrium and that this is not a simple type of adsorption. Instead, the 

cobalt chloride salt crystallizes as a result of a precipitation process in which metal oxide 

nanoparticles serve as crystallization nuclei. Ni (II) and Cu (II) have more pronounced 

equilibrium plateaus, especially Ni (II) Figure 9. The largest surface in an alternative form is 

ZrO2. This arrangement might be the result of convergences in the atomic radius of the V element 

and the adsorbate metal ions, which make it simple for them to combine with the metal oxide's 

lattice active sites [18- 20]. 

 

Figure 9. Adsorption time evolution of the metal ions on the ZrO2 surfaces. 

According to the time scale and conditions of our experiment, the adsorption rate of Ni(II) is 

unquestionably the highest on all surfaces, whereas Co(II) and Cu(II) ions are close in magnitude, 

as shown by the above figures. Charge, size, and electronic interactions all have an impact on the 
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rate of adsorption [20,21]. The first factor (charge) cannot be the primary cause of this difference 

because all ions have the same charge. Both the majority of the solution and the adsorbent mass 

are affected by size during the diffusion process [22-26]. This theory predicts that Co (II), Ni (II), 

and Cu should have the highest adsorption rates (II), but the rate of decrease in the Co (II) 

adsorption rate and also the unrestricted linear growth of an adsorbed component indicate that 

there is still another process taking place in addition to adsorption, and that is the Co (II) oxidation 

by metal oxide. 

3.8. Study of Antimicrobial  

Using the agar-well diffusion method[27-29], the antibacterial activity of the synthetic ZrO2 

nanoparticles was examined against the bacteria Escherichia coli, Staphylococcus, and Candida 

in various concentrations of (25, 50, and 75) mg/L [30]. Amoxicillin and metronidazole were 

used as drug controls, and DMSO solvent medium served as the antibiotics' controls. By 

analyzing the zone of growth inhibition against the employed pathogens and varying the 

concentration of the nanoparticles, the antimicrobial activities of the ZrO2 nanostructures were 

assessed. The growth zone inhibition in (mm) of ZrO2 NPs against the bacterial pathogens two 

bactria and one fungus is shown in Table 2, Figure 10 and, Figure11. 

Table2. The Zone Inhibition in (mm) of ZrO2NPs against Different Microbial 

 

 

Figure 10. The Antibacterial activity of ZrO2 NPs. 
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Figure 11. The zone inhibition of growth. 

 

4. Conclusion 

Orthorhombic zirconium oxide NPs with a crystal size of 27.82 nm were produced as a result of 

the presence of ZrSO4. To create ZrO2 NPs were used as the first ingredient. Manganese oxide 

exhibited thin sheet cluster morphology in its aggregate form. Because of their antimicrobial 

activity, Candida albicans and S. aureus grow noticeably more slowly. Three additional metal 

ions M(II), Co, Ni, and Cu were also removed from the water by ZrO2, in addition to the three 

other metal ions. 
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