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Abstract: Zirconium oxide has found extensive applications in various industries because 

of its excellent properties such as high strength; high-temperature resistance; 

extraordinary wearing resistance; ionic conductivity; and corrosion resistance. Also, some 

Properties like high melting point, high mechanical and thermal strength, high dielectric 

constant and low conductivity have introduced this material as a prominent candidate for 

engineering applications. In this study, zirconium oxide (ZrO2) Nano fibers was 

synthesized by calcination of propoxide zirconium oxide/polyvinyl alcohol using sol-gel 
and electrospinning methods. The morphology of the Nano fibers was verified by 

scanning electron microscopy (SEM) and its crystalline phase was investigated by x-ray 

diffraction and energy-dispersive x-ray spectroscopy (EDS). The mean diameter of the 

Nano fibers varied in the range of 70-200 nm. XRD patterns also indicated the presence 

of monoclinic and tetragonal phases in the Nano fibers calcined at 700 ℃. Results also 

revealed that this new precursor can be used in the electrospinning technique to obtain 

ZrO2 Nano fibers with relatively high purity.  
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1. INTRODUCTION  

Nano fibers are nanostructures with a nonmetric diameter, which have received 

much attention due to their unique properties in comparison with microfibers such 
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as high volume to mass ratio and high specific surface area [1]. Among ceramic 

Nano fibers, zirconium oxide (ZrO2) Nano fibers are widely used in different 

industries due to high mechanical strength, resistance at high temperatures, 

exceptional abrasion strength, ionic conductivity and high corrosion resistance 

[1,2]. Properties such as high melting point, high mechanical and thermal 

strength, high dielectric constant and low electrical conductivity have made this 

compound a suitable candidate for engineering applications [3].  Mechanical 

properties of composites [4] and performance of solid oxide fuels [5] are 

improved in the presence of ZrO2 Nano fibers. 

Zirconium oxide is found in tree crystal structures; cubic, tetragonal and 

monoclinic. Monoclinic, tetragonal and cubic phases are respectively observed at 

25-1150 C, 1150-2370 C and above 2370 C [3,6]. Various methods, including 

hydrothermal methods [7, 8], sol-gel [9,10], chemical vapor deposition [11], 

chemical decomposition [12] and electrospinning [6, 13-15], spray pyrolysis [16] 

and precipitation [17] have been used for the synthesis of ZrO2 nanostructures.  

Electrospinning is an effective method which widely used for fabrication of 

Nano fibers. The method has the benefits of simplicity and cost-effectiveness 

[13]. 

Various precursors such as zirconium propoxide/polyvinyl acetate [18], 

zirconium N-propoxide/PVP [8], zirconium acetate/PVA [19] and zirconium 

acetyl acetone/PVP [13] have been used for the synthesis of ZrO2 Nano fibers. 

In this research, zirconium oxide Nano fibers were synthesized by 

electrospinning of zirconium propoxide/PVA followed by calcination at 700 C.  

 

2. MATERIALS 

Zirconium propoxide (P. No. 333972, Sigma-Aldrich), ethanol 99.9% (Ca. No. 

100983), Nitric acid (P. No. 1004560510, Merck), hydrochloric acid (P. No. 

1003170510, Merck) and polyvinyl alcohol (Ca. No. 814894, Merck) were used 

for the synthesis of ZrO2 Nano fibers. 

 

3. Preparation of zirconium oxide nanofibers  

Typically, 3.6 cc zirconium propoxide was dissolved in 12.6 cc pure ethanol, 

54 µL nitric acid and 88 µL hydrochloric acid were added and then stirred for 6h 

at ambient temperature. Then, a solution of 10 wt. % PVA in water/ethanol (1:1 

Vol/) was prepared. To prepare a homogenous PVA solution, it was stirred 4h at 

70 C. 

In order to prepare the electrospinning solution, zirconium propoxide gel and 

PVA solution were mixed with aspect ratio of 1:2 and stirred for 10h at ambient 
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temperature. The solution was then used for electrospinning. The positive 

terminal of a high-voltage power supply was connected to the needle and the 

negative terminal to the collector. The distance between electrospinning needle 

and collector set 16 cm and then electrospinning of the solution was accomplished 

under 20 KV. After that the obtained fiber calcined at 700 C for 4hs.  

 

4. Characterization of nanofibers 

Scanning electron microscope (SEM) images and EDX of samples were taken 

by TESCAN-Vega 3 SEM. X-ray diffraction (XRD) pattern of samples were 

taken by an X-ray device (Bruker - D8-Advance), in the range of 20-80 ̊.  

 

5. XRD pattern of nanofibers 

Crystalline phases of the synthesized Nano fibers were evaluated by X-ray 

diffraction (XRD). Figure 1 shows the XRD pattern of Nano fibers after 

calcination. According to the XRD pattern, crystalline Nano fibers are obtained 

after calcination at 700 C̊. In fact, the peaks indicate crystalline phases of the 

synthesized Nano fibers. The most important peaks appeared at 2θ = 28.08°, 

31.41°, 34.23° and 50.08° are assigned to the monoclinic phase of ZrO2 which 

respectively belong to (111), (¯111), (020) and (220) planes. The peak at 50.066  ̊

is related to the (200) plane of tetragonal phase of ZrO2. The XRD peaks of 

monoclinic and tetragonal phases of ZrO2 are respectively consistent with ICDD 

File No. 37-1484 and ICDD File No. 42-1164 in ICDD database and also data in 

X’Pert. Ghelich et al. [20] calcined Nano fibers at 650 ̊C and found only 

tetragonal phases at this temperature. In contrast, a combination of monoclinic 

and tetragonal phases was observed in the XRD pattern of Nano fibers 

synthesized at 850 ̊C. Rodaev et al. [13] reported similar results at calcination 

temperatures of 500 and 800 ̊C. According to their results, only monoclinic phase 

was observed at 1300 ̊C with characteristic peaks at 28.2° and 31.5°. The angles 

related to the monoclinic phase of Nano ZrO2 were reported by Mangla et al. [3]. 

According to Keiteb et al. [12], both monoclinic and tetragonal phases were 

formed in the nanostructure by calcination of nanoparticles at 700-900 ̊C. 
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Fig. 1: XRD pattern of the synthesized nanofibers after calcination at 700 ̊C. Stared 

indexes belong to a tetragonal phase of ZrO2. 

 

The crystallite sizes of the synthesized Nano fibers can be calculated by the 

Debye-Scherrer equation (Eq. 1) With the help of XRD data. 

𝐷 = 0 ∙ 9𝜆/𝛽𝐶𝑜𝑠Ɵ                                                                                               (1) 

 

Where D represents mean diameter crystallite sizes of fabricated nanofibers 

(nm), λ X-ray wavelength in nm, β full width of half-maximum intensity 

(FWHM) in terms of radians and θ is diffraction angle [21]. 

The results obtained from the Debye-Scherrer equation showed that crystalline 

sizes of the synthesized nanofibers have a mean diameter of about 27.5 nm. 

 

6. Morphology of nanofibers 

The morphology of Nano fibers was studied by scanning electron microscope 

(SEM). Figure 2 shows the SEM images of Nano fibers before and after 

calcination. As seen in Fig.2a, ZrO2/PVA Nano fibers have been formed with an 

approximate diameter of 400-500 nm. After calcination of Nano fibers at 700 °C 

and removal of PVA molecules, Nano fibers with a diameter of 70 to 200 nm 

were obtained (Fig.2b). This diameter reduction is due to the removal of PVA 

used in preparation of the initial solution. 
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Fig. 2: SEM micrographs of (a) ZrO2/PVA composite and (b) ZrO2 nanofibers after 

calcination at 700 C̊ 

 

7. Energy-dispersive X-ray spectroscopy (EDS) of nanofibers 

Figure 3 shows the EDS spectrum of the synthesized Nano fibers. The energy 

of each peak in this diagram is assigned to a specific atom. Sharper peaks indicate 

the higher concentration of elements. As shown in Fig. 3, zirconium and oxygen 

with a weight percentage of 63.75% and 35.98% are main elements and little 

amount of chlorine is also found due to the presence of chlorine in the precursor 

which remains in the nanofibers after calcination at 700 ̊C. These results are in 

good agreement with those reported in the literature. Keiteb et al. analyzed Nano 

ZrO2 calcined at 600 ̊C by EDS and found a weight percentage of 69 wt.% and 

26 wt.% respectively for zirconium and oxygen. Zirconium showed maximum 

peaks at 0.27, 1.85 and 2.17 kV and oxygen at 0.5 kV. The Nano fibers 

synthesized in this study contained less than 5 wt.% carbon due to incomplete 

decomposition of PVP at 600 ̊C [12]. 

Ghelich et al. reported similar EDS results. According to their results, ZrO2 

Nano fibers calcined at 850 ̊C contained 75.22 wt.% Zirconium and 24.78 wt. % 

oxygen [20]. 
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Fig 3: EDS pattern of ZrO2 nanofibers calcined at 700 ̊C 

 

 

8. CONCLUSION  

Zirconium oxide Nano fibers with a diameter of 70 to 200 nm were synthesized 
by electrospinning of a zirconium propoxide/polyvinyl alcohol precursor. The 

morphology of the synthesized Nano fiber was confirmed by scanning electron 

microscopy. The presence of monoclinic and tetragonal phases in the Nano fiber 
calcined at 700 C̊ was confirmed by X-ray diffraction pattern. The synthesis of 

highly pure ZrO2 Nano fiber was confirmed by EDS analysis. 
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