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Abstract. The present study focuses on the synthesis of ZnO nanostructures via
an electrospinning-assisted technique, followed by calcination under carefully
controlled thermal conditions. The electrospinning process resulted in the
formation of continuous, uniform, and bead-free polymeric precursor fibers,
with a noticeable reduction in average fiber diameter. This clearly demonstrates
the influence of electrospinning parameters, such as applied voltage, solution
concentration, and flow rate, on the resulting fiber morphology. Subsequent
calcination not only removed the polymeric matrix but also induced the
crystallization of ZnO, transforming the fibrous structure into well-defined
nanoparticles. The crystallite size of the obtained ZnO was strongly dependent
on the calcination temperature, with the smallest crystallites achieved under
optimized thermal treatment, thereby offering a route to fine-tune the
nanostructure dimensions. Elemental analysis by energy-dispersive X-ray
spectroscopy (EDS) confirmed the exclusive presence of zinc and oxygen,
verifying the high purity and compositional integrity of the synthesized
material. Furthermore, X-ray diffraction (XRD) analysis revealed sharp and
intense diffraction peaks corresponding solely to the hexagonal wurtzite
phase of ZnO, with no evidence of secondary phases or impurities. These
results collectively demonstrate that electrospinning, coupled with controlled
calcination, provides a robust, cost-effective, and scalable approach for
producing high-quality ZnO nanostructures with desirable structural and
compositional features. Such nanostructures hold significant promise for
diverse applications, including gas sensing.
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Introduction

Zinc oxide (ZnO) is a n-type semiconductor material that is suitable for a wide range of
applications, including gas sensors, photocatalysts, solar cells, and optoelectronic devices. It
has a high exciton binding energy of 60 meV and a wide bandgap of 3.37 eV [1]. Its significance
in advanced functional materials has been further enhanced by its distinctive characteristics,
including biocompatibility, nontoxicity, and high chemical stability [2]. Electrospinning has
emerged as a straightforward, cost-effective, and highly controllable method for the production of
one-dimensional (1D) nanofibers with high aspect ratios and large surface area-to-volume ratios,
among the numerous synthesis techniques for ZnO nanostructures [3]. Applications such as gas
sensing and catalysis are particularly advantageous due to the substantial enhancement of active
surface sites by these structural features. A high-voltage electric field is applied to a polymer
solution containing a Zn precursor during the electrospinning process, which results in the
formation of continuous nanofibers. These fibers can be calcined to eliminate the polymer matrix
and crystalize ZnO. Electrospinning provides superior control over fiber morphology, alignment,
and porosity in comparison to other fabrication techniques, such as hydrothermal or sol-gel
[4]. Furthermore, this method facilitates the incorporation of dopants or composite materials,
which enables the final ZnO nanofibers to possess tunable physical and chemical properties.
Consequently, electrospinning has emerged as the preferred method for the production of ZnO-
based nanostructures for energy-related applications and advanced sensing [5].

The research offers the investigation of the nanosized ZnO via electrospinning method and
subsequent calcination. Influencing factors, namely, calcination temperature, collector-to-tip
distance, and voltage, are determined to control the particle size of ZnO.

The Literature review

In the past decade, electrospinning has been predominantly employed to produce
nanoparticles from precursor solution containing natural and synthetic polymers with addition
of metal salts. However, it has also been employed to produce ceramics, such as ZnO materials.
For example, Liu et al. synthesized ZnO nanoparticles through electrospinning, followed by
calcination, and analyzed their morphology, elementary composition, and crystal structure.
There, it was specified that the resulted ZnO has a mesoporous nanofibrous structure which
possess a single phase with favorable crystallinity [6]. Ultra-thin fibers of ZnO were prepared
using electrospinning techniques, with poly(vinyl acetate) and zinc acetate as precursors.
Characterization methods included thermogravimetric analysis, scanning electron microscopy,
Fourier-transfer infrared, and X-ray diffraction [7]. The morphology and optical properties
of zinc oxide fibres with diameters in the nanometre to micrometre range are reported
by Viswanathamurthi. The PVA/zinc acetate organic/inorganic hybridnanofiberss were
successfully prepared by electrospinning. Pure ZnO fibres were obtained by high-temperature
calcination of the obtained fibers. Synthesised ZnO has a band gap of 3.13 eV and can be applied
in different applications [8]. Electrospun ZnO was deposited on a glass substrate from zinc
acetate dihydrate with polyvinyl acetate p olymer and annealed in the presence of oxygen until

42 N24(153)/ 2025 A.H. I'ymures amvindazor Eypasua yammuix ynueepcumeminity XABAPIIBICHI.
DQusura. ACmpoHOMUsL cepusicol
ISSN: 2616-6836. eISSN: 2663-1296



Electrospinning-assisted fabrication of ZnO nanostructures

organic molecules were decomposed. Characterisation results state that the mean fibre width
was found to be 260 nm, and fibre thickness was measured at 460 nm. XRD patterns show that
Zn0 has a hexagonal wurtzite structure, and the material band gap for this electrospun ZnO
fibre was found to be 3.28 eV. In summary, the n-type electrospun ZnO can be fabricated via
facile electrospinning methods [9].

The methodology

PVP and ZnAc dihydrate were used as used precursors. 10 wt% solution of PVP in ethanol
was made and stirred at room temperature for 5 h. Electrospinning was conducted at voltages
of 14 kV and tip-to-collector distances of 10 cm. Nanofibers were collected on aluminum foil,
which was then calcined in air at 600, 700 and 800 °C for 2 h to determine optimal sintering
temperature. Selected parameters were applied to investigate the influence of on ZnO (Figure1l).
Scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDS), and X-ray
diffraction (XRD) were employed to conduct a comprehensive analysis of the morphological
and structural characteristics of the synthesized materials.

Polyvinylpyrrolidone

Ethanol Zinc acetate

Synthesis parameters:

Applied potential- 14 kV;

Distance between collector and nozzle 10 cm;
Flow rate 1mL/h;

Calcination at 600°C for 2h.

Figure 1 - Schematic illustration of synthesis procedure
Findings and Discussion

Effective electrospinning conditions were demonstrated by the formation of uniform, bead-
free fibers across the samples, as indicated by SEM observations Figure 2a. The increased
electrostatic force exerted on the polymer fluid at higher voltages, which enables the fiber to
undergo greater stretching and elongation during electrospinning, resulting in a finer fiber
morphology. In the same vein, the electric field intensity is increased by a shorter collector
distance, which in turn promotes fiber thinning and uniform deposition [10]. The obtained
fibers were effectively converted into ZnO particles with well-defined morphologies after
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calcination Figure 2b. The crystallinity and particle size of ZnO are significantly influenced by
thermal treatment. We observed a direct correlation between the calcination temperature and
the size of the ZnO particles [7], [11]. Specifically, higher temperatures encourage grain growth
and coalescence, while lower temperatures favour the formation of finer particles. In particular,
the optimized electrospinning parameters are 14 kV voltage, 10 cm tip-to-collector distance,
and 600 °C calcination resulted in ZnO particles with an average size of approximately 52 nm.

Figure 2 - SEM image (a) fabricated as spun fibers and (b) synthesized ZnO

The successful formation of ZnO was further validated by the Energy Dispersive X-ray
Spectroscopy (EDS) analysis (Figure 3), which confirmed the presence of zinc (Zn) and oxygen
(O) elements in their respective stoichiometric concentrations (Figure 3c and Figure 3d). The
EDS spectra reveal that the synthesised material is of high purity, as there are no detectable
impurity peaks. This suggests that the electrospinning and subsequent calcination procedure
did not introduce other elements into the structure. The peaks corresponding to Zn and O are
both strong and distinct. The formation of a well-ordered ZnO crystal lattice is also facilitated
by the near-stoichiometric Zn:0 ratio, which is crucial for the preservation of stable electronic
properties and the improvement of the performance of ZnO-based devices, such as gas sensors
[12], [13].
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Figure 3 - EDS mapping of ZnO particles

The calcined samples exhibited a single-phase wurtzite structure of ZnO, as confirmed by X-ray
Diffraction (XRD) analysis (Figure 4), without any detectable secondary phases or impurities.
The hexagonal wurtzite crystalline structure is confirmed by the diffraction peaks observed at
characteristic 20 values, which correspond to the (100), (002), and (101) planes. The successful
formation of phase-pure ZnO and the complete decomposition of the polymer matrix during
calcination are indicated by the absence of additional peaks [1], [14], [15]. Therefore, among
different calcining temperature 600 °C was determined as an optimal, as it produces clear, sharp,
and intense diffraction peaks, indicating high crystallinity and phase purity of the material. At

higher temperatures (700-800°C), a decrease in peak broadening is observed.

600 "C

20 30 40 50 60 70 80
20 (degree)

Figure 4 - XRD pattern of obtained ZnO nanoparticles
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Conclusion

This research successfully synthesizes and controls ZnO nanoparticle size through
electrospinning and calcination. Optimal synthetic conditions were reached for applied voltage,
electrostatic distance, and calcining temperature. Optimal synthetic conditions under which
uniform ZnO nanoparticles of 52 nm diameters in average could be achieved. This synthetic
method allows morphology to be precisely controlled, and ZnO can be made compatible with
sensor and electronic applications.
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JJIEKTPOCHUHHUHT JAicCi apKbLiibl ZNn0 HAHOKYPbLIBIMJAPbIH a1y

Anpgartna. By 3epTTey KaTaH 6aKblJIaHATBIH TEPMUSJIBIK XKaFAaija KeliHri KbI3/[blpyMeH 6ipre ZnO
HaHOKYPbLIbIMAAPbIH 3JEKTPOCIMHHUHT diCi apKblJbl CUHTE3/eyre apHaJfaH. JJIEKTPOCOIUHHUHT
nporeci KesiHje y3/ikci3, GipTeKTi XoHe «TyHipurikciz» mosuMepsi MPeKypcoOpJibl TaJIIbIKTAP
QJIBIHBII, OJIap/IbIH OpTallla AUaMeTpiHiH alTapJablKTal a3alobl 6allKaiabl. ByJ1 KoJilaHbLIFAaH KepHEY,
epiTiH/i KOHLIEHTPALUSCHI )KoHEe 6epiy XKbLIJaM/bIFbl CUSKTbhI 3JIEKTPOCIMHHUHT apaMeTpJiepiHiH
Ta/IIbIK MOPGOJIOTHSCBIHBIH, Ka/bINITaCyblHA bIKMAAbIH aWKblH KepceTei. KeliHri KbI3Zblpy TeK
oJIMMepJli MaTpPHULIAHbl KOWBIM KaHAa KoWMal, cOHbIMeH KaTap Zn0O KpucTajJJaHybIH 0OacTajibl,
HOTHXKECiH/le Ta/IbIKThl KYPbLJIbIM aKChl KaJbIITAaCKaH HaHOOeJllIeKTepre aMHa/Abl. AJIbIHFaH
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Zn0 KpUCTA/UVIMTTEPiHIH eJillieMi KbI3bIPy TeMIlepaTypacblHa aWTapJ/bIKTal TayesJii 6OJJbl: eH
Kili MaHJep OHTalJbl TEPMUSAJIBIK pPeXUMAe 6alKa/aAbl, 6y/J1 HAHOKYPBLIBIMAAPABIH 6JIIeMiH A3J1
peTTeyre MyMKiHAik 6epesi. dneMmeHTTik Tanagay (EDS) Tek MbIpbIll eH OTTEriHIH 60JYbIH PACTa/ibl,
OyJ1 CUHTe3/e/IreH MaTepUaJblH KOFapbl Ta3aJ/IbIFbIH >KOHe KYpaM/BbIK TYTAaCTBIFbIH JAdJeaAen/l.
CoHbIMeH KaTap peHTreHOCTPyKTypasblK Tangay (XRD) Tek ZnO-HblH rekcaroHas bl BOPUUT ¢pasackbiHa
coliKeC KeJIeTiH alKbIH 9pi KapKblHAbl JUPPaKUUAIBbIK IIBIHAAPAB!I KepceTTi, 6erge ¢asanap MeH
KOCMaJIap/iblH ellKaHgal Gesrici TaObLIFaH KoK, YKUHAKTa/IFaH HOTUXKeJIEP 3JIEKTPOCIIUHHUHT TeH
OaKblJIaHATbIH KbI3bIPY/bl 0ipiKTipy apKblibl Zn0 HAHOKYPBIIBIMAPbIH KXKeTTi KYPbIIBIM/BIK KoHe
KypaM/JbIK CcUllaTTaMa/lapblMeH aayAblH CeHiMJi, YHEM/JI *K9He ayKbIM/bl TOCLJl eKeHiH AaJenaensi.
MyHzall HaHOKYpBLIBIMAAP 9pTYpJii KoJAaHOasapza, COHBIH illiHJe rasfa ces3iMTa/] ceHcopJ/apza
Y/IKEH dJIeyeTKe He.

Ty#iH cesgep: ZnO HaHOGeJIIIEKTEP], 3JIEKTPOCIMHHHUHI, KbI3/AbIpY (Ka/bLMHALMA), HAHOKYPbLIBIM/bI
MaTepHuaaAap, NoJuMepJi MaTpULa, KPUCTAJIJIUT 6J11eMI, FeKCaroHaJibl BIOPLIUT.
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JeKTponpajeHre KaKk MeTOo/, N0JIy4YeHUs HAHOCTPYKTYp ZnO

AnHoTanusa. Hacrosimiee ucciefoBaHMe NOCBSILIEHO CHUHTEe3Y HAHOCTPYKTyp ZnO MeTofoM
3JIEKTPONPAJeHHU € I0C/AeAYIIUM NPOKaJMBaHUEM IIPH TIATEeJbHO KOHTPOJINPYEMBIX TEPMUUECKUX
ycJI0BUsIX. B mpouecce asiekTponpsieHus yiaj0ch OJYYUTb HellpePbIBHbIE, OJHOPOAHBIE U CBOOO/IHbIE
oT AedeKTOB THMA «OyCUH» NTOJIMMepHbIe IPEKYPCOPHbIE BOJIOKHA, IPH 3TOM HabJII0a/10Ch 3aMeTHOE
yMeHblIeHHe CpeJHero JuaMeTpa BOJIOKOH. 3TO HaIIAJHO JAEMOHCTPUpYET BJMSHHE MapaMeTpOB
3JIEKTPONPAZEHNS, TAaKUX KaK NpUJIOKEHHOe HanpshKeHHWe, KOHIEHTpalys pacTBopa UM CKOpPOCThb
nogayy, Ha popMrupoBaHre MopdoJI0ruY BOJIOKOH. [locieayrolee NpokalTMBaHUe He TOJIbKO YAQIUIIO
IIOJIUMEPHYI0 MaTPULy, HO U HHUIIMAPOBaJIO KpUcTaaausauuo Zn0, TpaHcGOpMHUPOBaB BOJOKHUCTYIO
CTPYKTYypy B Xopolio copMHUpPOBaHHble HAaHOYACTUIIbl. PasMep KpUCTa/IMTOB moJiydeHHoro ZnO
CUJIBHO 3aBHCeJ OT TeMIlepaTypbl NpPOKaJMBaHWA: MHUHUMaJbHble 3HAa4eHHUA [JOCTUTAJINCh MpHU
ONTUMaJBbHOM TEPMHYECKOM pEXHMe, UTO OTKPbIBa€T BO3MOKHOCTb TOYHON HAaCTPOMKH pa3MepoB
HAaHOCTPYKTYP. JJIeMeHTHBIH aHa/IM3 METO,0M 3HEPIro/MCIIepCHOHHON pPeHTIeHOBCKOH CIEKTPOCKOIIMHU
(EDS) mnoaTBepAMsI NPUCYTCTBHE WCKJIKYUTENbHO LMHKA W KHUCIOPOAA, YTO CBHUJETEJNbCTBYET
O BBICOKOM 4YHCTOTE U LeJOCTHOCTH COCTaBa CUHTE3UPOBAHHOTO MaTepuasa. [onoJHUTeNbHO
PEeHTreHOCTPYKTYpHbIA aHanu3 (XRD) mokasan pe3kde M HUHTEHCUBHblE JUPPAKIMOHHbIE MHKH,
COOTBETCTBYIOILME UCKJIIOYMTE/IBHO TeKCaroHaJbHOM BIOpUTHOH dpase Zn0, 6e3 NpU3HAKOB BTOPUYHBIX
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¢da3 wiau npumeceld. COBOKYITHOCTD TOJIyYeHHBIX PE3Y/IbTATOB JIOKA3bIBAET, UYTO 3JIEKTPOHOpPMOBaHHUE
B COYETAHUU C KOHTPOJHUPYEMBIM MPOKAJIMBAHUEM MpeJCTABJSAET COO0U HAAEKHbBIN, 3KOHOMUYIHBIN
Y MaclITabupyeMbli MOJAXO0/ K MOJYYEHUIO BBICOKOKAYECTBEHHBIX HAHOCTPYKTYP ZnO ¢ TpeGyeMbIMU
CTPYKTYPHBIMAU M KOMIIO3UIIMOHHBIMU XapaKTepPUCTHKAMH. Takue HAHOCTPYKTYpbl 006/1aJjal0T
3HaAYMUTeJbHbIM IOTEHLMA/IOM [IJ151 PAa3JIMYHbIX IPUMEHEHUH, BKJII0Yas ra304yBCTBUTE/bHbIE CEHCOPHI.

Kniw4yeBble cioBa: HaHo4YacTUlbl Zn0O, 3JieKTponpsi/ieHHe, MPOKaJNBaHHWe, HAHOCTPYKTYPHbIE
MaTepHuasbl, MOJUMEpPHAsA MaTPHUIA, pa3Mep KPUCTAJIUTOB, reKCcaroHaJbHbIA BIOPITUT.
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