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Abstract

In the performed work, zinc oxide nanoparticles were synthesized via the sol-gel method using zinc
sulphate as the precursor material. Urea-formaldehyde (UF) resin was employed as a polymer matrix
to encapsulate the produced ZnO through an acid-catalyzed polymerization process. This
encapsulation aimed to improve the dispersion stability and surface reactivity of ZnO within the
polymeric medium. The synthesized materials were subjected to comprehensive characterization using
Fourier Transform Infrared Spectroscopy (FT-IR), X-ray Diffraction (XRD), Scanning Electron
Microscopy (SEM), and Energy Dispersive X-ray Analysis (EDX). FT-IR spectra exhibited
characteristic metal-oxygen stretching vibrations confirming the formation of ZnO bonds, while
additional bands corresponding to functional groups in the UF resin indicated successful
encapsulation. The XRD pattern showed sharp and well-defined peaks, signifying the highly crystalline
nature of ZnO nanoparticles. SEM micrographs revealed that the particles possessed predominantly
spherical morphology with uniform size distribution, suggesting controlled nucleation during synthesis.
EDX analysis provided the elemental composition and verified the presence of zinc and oxygen as major
constituents. Furthermore, the ZnO-UF nanocomposite demonstrated enhanced structural integrity,
which could contribute to improved mechanical strength, thermal stability, and potential antimicrobial
properties. Overall, the combined spectroscopic and microscopic analyses validated the successful
synthesis and encapsulation of ZnO nanoparticles within the UF matrix. Additionally, the incorporation
of ZnO nanoparticles into the UF resin matrix offers significant potential for diverse industrial and
environmental applications. The encapsulation process not only prevents agglomeration but also
enhances the durability and surface activity of the nanoparticles.
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INTRODUCTION

Nanotechnology, which emerged in the 20th century, is a novel field of study that has found
numerous uses in science and engineering due to its
ability to produce materials with extremely small
sizes (1-100 nm) and a wide variety of crystal
shapes, such as spherical nanoparticles, nano-rods,
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nano-ribbons, and nano-plates.[1]. Today it has
been proved that metal oxide nanomaterial are
widely used as decontaminant to remove heavy
metal ions and dyes [2]. There are so many metals
oxide including Fe;04[3], MnO,[4], TiO,[5], MgO
[6], CdO[7] and ZnO[8] provide high surface area
and specific affinity. Metal oxide possesses low
solubility, thermal stability, high surface area,
minimal environmental impact makes them to be
used as excellent adsorbent to remove heavy metal
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ions and dyes [9]. In current work based on the taking the references of the synthesis of ZnO taking
consideration of its wide applications in medicinal and industrial applications [10]. Lot of chemical
methods were used to prepared ZnO nanoparticles like sol-gel method, chemical precipitation, thermal
decomposition, chemical vapor decomposition [ 11-18]. From the existing methods, the sol-gel approach
stands out for its simplicity and its ability to adjust particle size and shape while monitoring reaction
parameters.

Considering all of the foregoing, it is clear that ZnO has several potential applications owing to its
unique features, such as its binding energy, high refractive index, antibacterial capabilities, and UV-
protection. Products include food, solar cells, rubber, cosmetics, and medicine.[19]. A review of the
relevant literature reveals that ZnO outperforms bulk size in terms of performance.[20]. Nanoparticles
of zinc oxide (ZnO) are biocompatible with human cells and contain the essential mineral zinc.[21].

The US FDA (Food and Drug Administration) has just approved ZnO as a safe material.[22].
Nanoparticles made from zinc sulfate using an NH4OH solvent have a spherical form, but those
synthesized with sodium hydroxide have a wire-like appearance. As the size of zinc oxide nanoparticles
decreases, they become more effective antibacterial agents. [23]. Zinc oxide is an excellent material for
sensors and transducers since it is both biocompatible and generally safe to use. Metal oxide
nanostructures have attractive biocompatible, non-toxic, and catalytic nano-morphological functional
characteristics. [24].

In recent year zinc oxide has promoted itself as interesting metal-oxide material because of its unique
physical and chemical properties such as high chemical and mechanical stability broad range of
radiation absorption, high catalytic activity, electrochemical coupling coefficients, and nontoxic nature.
Zinc oxide can occur in two-dimension structure. such as nano pellets, nanosheet/ nanoplates [25]. The
mentioned properties and applications make ZnO nanoparticles as area of interest as per as nano
chemistry of transition metal oxide is concerned.

J. N. Hansidawani et.al.,(2015) discuss the synthesis of ZnO nanostructure using zinc sulphate
dihydrate as precursor by sol-gel method it concludes that ZnO nanoparticles is successfully synthesized
by sol-gel method. It obtained nano-rod like structure and particle nanosized range 81.28nm to 84.98nm
[26]. S. Jurablue et al., (2015) discuss about the synthesis of ZnO nanoparticles and study its structural
and optical properties [27]. The characterisation and fabrication of ZnO NPs using the sol-gel technique
are covered in the 2015 study by Riyadh M Alwan et., al. [28].

MATERIALS AND METHODS
Chemicals and Reagents
Zinc Sulphate Dihydrate (Merk), Absolute alcohol (47%) sd fine chemicals, hydrogen peroxide.

Synthesis of ZnO Nanoparticle

All analytical grade chemicals were used as received without further purification. Approximately 15
grams of zinc sulfate dihydrate were dissolved in 300 milliliters of double-distilled water with constant
stirring to ensure total dissolution. The solution was further heated to 50°C, and 300 ml of absolute
alcohol was added gradually while stirring. After 6 ml of H202 (47%) was incrementally added to the
mixing vessel and stirred with a magnetic stirrer, a nearly clear solution was obtained. The solution was
then dried at 80°C after being incubated for 24 hours. After waiting for a few hours, white nano-ZnO
was produced. Zinc Oxide was rinsed with distilled water many times to eliminate any byproducts. The
ZnO NPs were then dried in a hot air oven at 80°C, ensuring that the entire conversion of zinc oxide
would take place during this procedure.

Preparation of ZnO-UF Resin
To create a ZnO-UF nanocomposite with a white colour, we combined formaldehyde and urea in a
standard molar ratio of 2:1 (w/w) in a 250 ml round-bottom flask and stirred magnetically until the
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mixture was uniformly mixed at 60°C. We then added 100 mg of ZnO and 0.5 ml of concentrated H>SO4
while continuously stirring. After 12 hours at 100 °C, the ZnO-UF nano-composite had dried in an oven.
[29].

CHARACTERIZATION

The FT-IR spectra of the ZnO and ZnO-UF materials were acquired in the 400 to 4000 cm-1 range
using a Bruker Alpha Spectrometer. A Benchtop X-ray Diffractometer was used to measure the powder
X-ray diffraction (XRD) pattern.

The XRD data was obtained using a 2Q value ranging from 10 to 80 degrees in a Bragg-Brentano
geometry with a flat holder.

FT-IR Spectra

The FT-IR spectra of the synthesized ZnO and ZnO-UF nanocomposite were recorded to identify the
functional groups and confirm the formation of metal-oxygen bonds. In the spectrum of pure ZnO, a
strong absorption band appeared around 430—450 cm™, which is characteristic of Zn—O stretching
vibrations, confirming the formation of zinc oxide nanoparticles. The ZnO-UF nanocomposite spectrum
exhibited additional peaks around 3343 cm™ and 1633 cm™' corresponding to N-H and C=0 stretching
vibrations, respectively, arising from the urea-formaldehyde matrix.

Zn0O

Figure 1 shows two peaks in the infrared spectrum, which are used to identify the presence of specific
functional groups in compounds. The first peak at 1736 cm™ wave number was describe H-O-H bending
and, on the O-H stretching of hydroxyl group. wavenumber 448cm™ is for ZnO bond. This region
exhibits absorption bands arising from interatomic vibrations due to the stretching of Zn-O bonds within
the ZnO nanoparticles.

Zn0O-UF

Shifting of band at higher wavelength gives information of composites formation. The peaks for M-
O shifts at 537cm™'. Carbonyl group peaks shifted to 1633cm™. N-H Peaks gets shifted to 3343cm’™
shown in Figure.No.2.

ZnO Nanoparticles
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Figure 1. FT-IR spectra of ZnO.
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Figure 2. FT-IR spectra of ZnO-UF.

XRD - Rays Diffraction Studies
Zn0

In X-ray diffraction studies shows that product ZnO is crystalline. The appears of sharp peaks shows
crystalline nature of ZnO. X-Ray Diffraction (XRD) patterns of ZnO nanoparticles synthesized at 500°C
which are in accordance with the JCPDS Card No.36-1451. It confirms the crystalline nature and
hexagonal phase (wurtzite structure) of ZnO with Lattice Constants a=b=3.249A and ¢=5.206A. The
reflections observed in Figure No.3 at 18.25°, 26.70° 30.02°, 35.22°, 45.02°, 55.22° 65.02°, 73.02°,
74.05°, can be indexed to [100], [002], [101], [111], [102], [110], [103], [201],[202] planes of ZnO.

The crystalline size is calculated by using Debye Scherer formula is D=k A/BCOS©O
Where,

D= crystalline size (nm)

K= 0.9 (Scherrer constant)

A=0.15406nm (wavelength of x-ray source)

p=FWHM (radians)

O= peak position in radians

The crystalline size of ZnO found to be 60 nm.
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Figure 3. XRD of ZnO.
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Figure 4. XRD of ZnO-UF.
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Figure 5. SEM of ZnO.
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Figure 6. EDX of ZnO-UFS.

ZnO-UF

The XRD spectra of ZnO-UF reveal individual nanometer layers suspended in a urea formaldehyde
polymer matrix, exhibiting well-ordered encapsulation of the metal oxide in the urea formaldehyde.
The "d" spacing between the layers is markedly increased owing to the formation of the composite

Figure 4.

SEM & EDX

In SEM analysis of ZnO show in Figure No.5 that the particles are spherical, uniform in nano size
with diameter range from 40 nm to 100 nm. From gaussian graph shows that developments of pores in
ZnO-UF nanocomposite due to encapsulation of ZnO. SEM is coupled with an EDX detector, whereby
X-rays serve as a signal to generate chemical information. The elemental composition and
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stoichiometric ratio of ZnO nanoparticles were validated by EDX analysis shown in the Figure Number
6.

EDX performed with SEM from the measurements of percentage composition of elements synthesis
of ZnO and ZnO-UF was confirmed.

CONCLUSION

The sol gel process is used to manufacture nanosized ZnO. Confirmation of ZnO and its
nanocomposite ZnO-UF fabrication is consistent with results obtained from FTIR, XRD, SEM, and
EDX. The size of the final metal oxide ZnO is precisely the same in both XRD and
SEM. Analysing all of the characterization findings validated the fabrication of ZnO NPs and ZnO-UF
nanocomposites. This research also demonstrates the relevance of UF and offers up new possibilities
for using UF as a suitable stabilizer to build nanocomposite.
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