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Ultrafine Zirconia Fibers Prepared by Electrospinning
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Abstract: In this experiment, polyacetylacetonatozirconium as the spinning solution of zirconia
fibers was prepared by sol-gel method. Ultrafine zirconia fibers measuring 100 nm ~ 500 nm in
diameter were prepared by electrostatic spinning process. We researched the influence of the
electrospinning voltage, solidification distance, push speed and viscosity on fibers’ morphology and
structure. It was found that electrospinning voltage at 20 KV, solidification distance within 12 cm,
push speed at 1.0mL/h, viscosity at 2.0 Pa's were suitable for electrospinning. The prepared zirconia
fibers were characterized by scanning electron microscope (SEM) and chemical analysis.
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Figure 2 (a) Digital photo of the precursor spinning solution; (b) Test of the spinnability of the spinning solution
by glass rod drawing method
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Table 1 Effect of spinning voltage on fiber morphology

No. Spinning voltage / KV Phenomena
1 8 Began to appear Taylor cone
2 10~13 Spray slow, not continuous
3 14 Spinning stability, fiber thick
4 16 Spinning stability, fiber thick
5 20 Spinning stability, fine and uniform fiber
6 22 Fiber diameter thicker
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Figure 3 SEM images of zirconia fibers fabricated
with spinning voltagea of (a) 14 KV, (b) 16 KV, (c)
20 KV and (d) 22 KV
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Table 2 Effect of pump speed on the fiber morphology

No. Pump speed mL-h™' Phenomena
1 0.5 Spinning is not continuous, easy to plug the needle
2 0.8 Spinning slightly continuous, needle occasionally block
3 1.0 Spinning continuous and uniform
4 1.5 Fibers were prone to beaded structure
5 2.0 Fiber bead was significantly increased
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Figure 4 SEM images of zirconia fibers fabricated with different pump speeds:
(a) 0.8 mL/h; (b) 1.0 mL/h; (c) 1.5 mL/h
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Table 3 Effect of solidification distance on fiber morphology

NO. Distance / cm Phenomena
1 7 Spinning severe, unstable
2 10 Spinning stability, smaller diameter
3 12~13 Spinning stability, fine diameter
4 15 Spinning slower, thicker diameter
5 17 Spinning is slow
6 20 Curing in the air
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Figure 5 SEM images of zirconia fibers fabricated with different curing distances:
(a) 10 cm; (b) 12 cm; (¢) 15 cm
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Table 4 Effect of sol viscosity on fiber morphology

No. Viscosity / Pas Phenomena
1 1.0 Spray beads, can not be spinning
2 1.5 Fiber adhesion
3 2.0 The fibers are fine and smooth
4 2.5 The fibers are fine and smooth
5 3.0 Fiber thick and smooth
6 35 Fiber thick and smooth
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Figure 6 SEM images of zirconia fibers fabricated
from the sols of different sol viscosities:
(a) 2.0 Pa-s; (b) 2.5 Pa-s; (¢) 3.0 Pa-s; (d) 3.5 Pa-s
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Table 5 Compositions of the fabricated zirconia fibers

Composition Content / wt% Composition Content / wt%
Zr(Hf)O, 90.53 MgO 0.0145
Y,0; 9.29 AlLO; 0.0148
Fe,0; 0.0207 SiO, 0.13
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