
Vol.31 No.4 (2024): JPTCP (247-253)  Page | 247 

Journal of Population Therapeutics 

& Clinical Pharmacology 
 

RESEARCH ARTICLE 

 DOI: 10.53555/jptcp.v31i4.5374 

 

SYNTHESIS AND CHARACTERIZATION OF ZINC 

NANOPARTICLES USING THERMOSETTING RESINS 
 

Jyoti Chaudhary1, Vipin Khoker2*, Giriraj Tailor3 

 
1,2 *Department of Chemistry, M.L.S. University, Udaipur, Rajasthan, India, 313001 

3Department of Chemistry, Mewar University, Gangrar, Chittorgarh, Rajasthan, India, 312901 

Email- khokervipin@mlsu.ac.in 

 

* Corresponding Author: Vipin Khoker 

*Department of Chemistry, M.L.S. University, Udaipur, Rajasthan, India, 313001 
 

Abstract 

In this study, urea-formaldehyde nanoparticles doped with zinc and measuring an average of 26.10 

nm in size were created using a straightforward chemical process. FT-IR and NMR spectroscopy have 

verified that the zinc polymer metal complex has formed successfully. X-ray diffraction, energy 

dispersive X-ray (EDX), and scanning electron microscopy (SEM) were used to measure the 

concentrations of these nanoparticles. XRD. Zinc salts and thermosetting polymer were used as 

precursors to create Zn NPs. After 30 minutes of calcination at 800 °C, Zn NPs were produced. 

Synthesized nanoparticles have a spherical form, according to a SEM investigation. The Zn NPs that 

are generated are crystalline, according to XRD examination.. 

 

1. Introduction 

A high-performance resin known as urea-formaldehyde (PF) is created when formaldehyde and urea 

copolymerize. It is extensively used in the industrial sector for plastics, adhesives, and impregnating 

resins. UF resin has strong mechanical, thermal, and weather stability, among other excellent qualities 

[1]. UF resins can be used in impregnating resins or adhesives, but their application is limited by their 

greater curing temperature need and lower curing rate when compared to other thermosetting 

adhesives [2, 3]. Nanoparticles (NPs) possess distinct characteristics due to their small size and high 

surface to volume ratio. The application of these particles is expanding across numerous domains. 

Over the past three decades, there has been a surge in research interest in nanoparticles and their size-

dependent features [4-6]. Because of its beneficial electrical, optical, dermatological, and antibacterial 

qualities, zinc nanoparticles are being used extensively in many different disciplines [7-9]. The band 

gap of 3.37 eV in zinc oxide nanoparticles is significant for a number of applications [10–11]. Since 

zinc has been extracted from dyes and water pollutants in textile effluents, there has been a rise in 

interest in zinc nanoparticles [12–13]. Zinc nanoparticles (Zn NPs) have potential uses in the 

pharmacological and biological fields and can be employed as efficient instruments for controlling 

mosquito larval populations [14].Numerous methods for synthesizing Zinc Nanoparticles (Zn NPs) 

have been reported in the chemical literature due to their vast array of applications. Chemical 

procedures such as sol-gel processing, precipitation, electro-deposition, and thermal processes have 

been reported for preparation [15–18]. Nonetheless, due to its numerous benefits, the thermal 

breakdown method is frequently chosen over alternative approaches [19–20]. Because this approach 

uses less expensive chemicals and simpler equipment, production costs are quite low. Furthermore, 

stable monodispersed products may be produced and a greater number of environmentally suitable 
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and less harmful components are used. It has been revealed that zinc salt precursors play a significant 

impact in the surface morphology and characteristics during the nano production of these particles 

[21]. Therefore, it is crucial to use microscopy techniques to characterize the size, shape, and position 

of the synthesized Zn NPs. This study describes the synthesis of zinc nanoparticles using a thermal 

decomposition approach, as well as the characterization of the particles using transmission electron 

microscopy (TEM), scanning electron microscopy (SEM), and X-ray diffraction. The goal of the study 

was to validate the utility of the low-cost method for the synthesis of possible high-utility Zn NPs by 

characterizing the Zn NPs formed by thermal disintegration of the Zn-polymer complex generated in 

the laboratory using various microscopy techniques. 

 

2. Materials and methods- 

The experiment uses only analytical-grade chemicals. We bought zinc chloride (ZnCl2), hydrochloric 

acid (HCl), formaldehyde (HCHO), urea (CO(NH2)2), and acetic acid (CH3COOH) from Central 

Drug House Ltd. in India. Every chemical that was obtained from the supplier was used. The entire 

experiment was conducted with deionized water. 

Synthesis of the nanoparticles- 

 

The synthesis was carried out in two steps: 

Step 1: Synthesis of Zinc doped Urea-Formaldehyde complex 

Step 2: Synthesis of zinc nanoparticle 

Step 1: Synthesis of Zinc doped Urea-Formaldehyde complex 

 

This three-necked round-bottom flask has a reflux condenser and stirrer, and it can store 1.38 moles 

of urea, 1.13 moles of formaldehyde solution, and 15 milliliters of glacial acetic acid. The mixture is 

shaken well and then allowed to cool. The remaining water is removed by progressively raising the 

temperature to 500C and using a water pump to create a vacuum. This temperature is maintained until 

the melt sample solidifies and becomes a white solid. The zinc polymer compound is prepared by 

additional It was mixed in 1N zinc salt solution. Shake the mixture for five minutes. The reaction has 

an exothermic character. After removing extra metal ions, the dried solid sample was cleaned in 

distilled water to ensure purity. The reaction scheme show in fig.1 
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Figure-1 Synthesis Scheme of zinc doped Urea-Formaldehyde complex 
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Step 2: Synthesis of zinc nanoparticle 

Zinc nanoparticles were created by thermal degradation with phenol-formaldehyde resin. The polymer 

metal composite is allowed to decompose at 8000C for 60 minutes. Fine, black-colored zinc 

nanoparticles were the result of disintegration. 

 

Purification of zinc nanoparticles: - 

Step 1: Elimination of Volatile Impurity: During the decomposition process, a number of volatile 

impurities were removed, leaving the nanoparticle free of these impurities. 

Step 2: Elimination of Metallic Impurities: The nanoparticle was subjected to a 24-hour immersion in 

12N hydrochloric acid in order to eliminate any metallic ions. After centrifuging the mixture, distilled 

water was used to entirely eliminate the hydrochloric acid. 

 

Fourier Transform Infrared spectroscopy (FT-IR) – 

 

 
Figure-2 FTIR Spectra of zinc doped Urea – Formaldehyde Complex 

 

Nuclear magnetic resonance spectroscopy: 

 
Figure-3 1HNMR Spectra of zinc doped Urea – Formaldehyde Complex 
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Scanning Electron Microscopy (SEM): 

 
Figure-4 SEM image of zinc nanoparticles usingUrea-formaldehyde resin at (a) 10000 and (b) 

20000 magnifications 

 

Energy Dispersive X-Ray (EDX) 

 
Figure-5 EDX analysis of zinc nanoparticles using Urea-formaldehyde resin 

 

X-ray diffraction (X-RD) 

 

 
Figure-6 XRD Spectra of zinc nanoparticles using urea– Formaldehyde resin 
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Table-1 XRD data of zinc nanoparticles usingurea – Formaldehyde resin 

S. No. 

Pos. 

[°2Th.] 

FWHM 

Left 

[°2Th.] 

D 
DISLOCATION 

DENSITY 
STRAIN 

1. 21.97618 0.94464 8.956266 0.012467 0.021228 

2. 31.78089 0.1968 43.87832 0.000519 0.003016 

3. 34.46995 0.1968 44.18552 0.000512 0.002768 

4. 36.29301 0.1968 44.41022 0.000507 0.00262 

5. 45.44359 0.1968 45.75163 0.000478 0.002051 

6. 47.56873 0.1968 46.11755 0.00047 0.001948 

7. 56.61644 0.1968 47.93237 0.000435 0.001594 

8. 62.88863 0.15744 61.82922 0.000262 0.001124 

9. 66.42747 0.31488 31.52458 0.001006 0.002099 

10. 68.00665 0.31488 31.81452 0.000988 0.002037 

11. 69.10339 0.15744 64.04529 0.000244 0.000998 

12. 72.64902 0.31488 32.73538 0.000933 0.001869 

13. 77.03575 0.31488 33.70816 0.00088 0.001726 

14. Average 26.10612 0.001467 0.003468 

 

3. Result and Discussion 

The polymer metal complex's FT-IR spectra, as shown in Figure 2, show a band at 3393 cm-1 that is 

indicative of N-H stretching. Between 2940 cm-1, the C–H asymmetrical and symmetrical stretching 

caused by the methylene groups may be seen. The aromatic C=C stretching was identified as the cause 

of the peaks at 1694 cm-1. The Zn-N linkage was responsible for the detected absorption band at 648 

cm-1, which further supported the metal-to-metal bonding via the nitrogen of the urea-formaldehyde 

functional group. The 1H NMR spectrum of the zinc-doped urea-formaldehyde complex is displayed 

in Figure 3. There were two distinct singlets found in the metal urea-formaldehyde complex. where 

the peak at 3.3 ppm indicates the solvent's remaining proton signal and the singlet at 2.5 ppm 

represents the methylene group of the urea formaldehyde polymer.  Figures 4(a) and 4(b) show SEM 

morphology at 10000 and 20000 magnifications, respectively. The presence of a spherical spot on the 

surface of the nanomaterial composite indicates the presence of metal ions, which become plainly 

apparent as magnification increases. This graphic accurately depicts the composite's nanostructure. 

The one-dimensional electron transit on the surface of a composite material is significantly influenced 

by the spherical metal ion. With energy dispersive X-ray analysis, we can analyze every constituent 

of the zinc nanoparticles by thermosetting resin. This shows that Zn elements are present, confirming 

that Zn nanoparticles have formed. The EDX study, which offers quantitative information on the 

proportions of zinc in nanoparticles, likewise supports this. This might be because the synthesis 

technique in the current investigation used an open reaction system [22]. 

X-Ray Diffraction pattern of zinc, nanoparticles are shown in Figure-6. The crystalline size of these 

nanoparticles have been determined by XRD data using the Scherrer formula [23-24]: 

D = Kλ/ (β cos θ) 

where D is the crystallites' mean size (in nanometers). The X-ray wave length, denoted by λ, the Bragg 

angle, B, the full width half maximum (FWHM) of the X-ray diffraction peak, and K, the crystallite 

form factor (0.9 is a good approximation). Based on peak positions and electron density within the 

unit cell, the X-RD diffraction pattern offers information on the size and geometry of the unit cell. 

The size of the urea-formaldehyde doped zinc nanoparticles, as determined by employing table no. 1 

data of the peak list, was 26.10 nm. 

 

4. Conclusion 

Zinc nanoparticles have been synthesized using an inexpensive, straightforward chemical process. 

The Zn-polymer complex was precipitated at 50 °C, and then it was calcined at 800 °C to complete 
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the synthesis. Zn nanoparticles have been verified by XRD, EDS, and SEM, and the successful 

production of the zinc polymer metal complex has been verified by FT-IR and NMR. SEM verified 

the spherical shape of zinc nanoparticles. Because of the angle strain between the monomers, XRD 

measurements verify that the nanoparticles that are generated are crystalline in nature. Our findings 

unequivocally demonstrate that zinc nanoparticles, which may have further commercial uses, can be 

synthesized efficiently using the less expensive and environmentally friendly thermal decomposition 

process. 
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