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Synthesis and Characterization of Nanoporous Zirconia
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Abstract  Zirconia powders with nano size pores and high specific surface areas were synthesized via aqueous
precipitation and hydrothermal synthetic method using ZrOCl,8H,0 and NH,OH under pH=11 and ambient con-
dition. By this reaction, zirconia hydrate (ZrO,(OH),,,) was primarily synthesized and the obtained zirconia
hydrate was heat treated hydrothermally using an autoclave at various temperatures under pH=11. X-ray dif-
fraction, Scanning electron microscopy, Energy dispersive X-ray spectroscopy, FT-IR, Raman, Particle size anal-
ysis, DTA-TG, and BET techniques were used for the characterization of the powder. The synthesized zirconia
showed an amorphous phase, however, the phase was transformed to the crystalline state during the hydrothermal
process. The observed crystalline phase above 160°C was a mixed phase of monoclinic and tetragonal zirconia. By
the BET analysis, it was found that the specific surface area was ranged in 126~276 m?/g and the zirconia had the
cylindrical shaped pores with average diameter of 2~7 nm.
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Fig. 1. XRD peak patterns of zirconia powder obtained by
the hydrothermal synthetic method at various tempera-
tures.
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Fig. 2. Phase transition of zirconia powder obtained by
aqueouns precipitation method with an ambient condition.
(dried at 80°C and heated at 200°C, 600°C, 1000°C for 3hr)
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Fig. 3. Raman spectra of zirconia powder obtained by the
hydrothermal synthetic method at various temperatures.
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Fig. 4. SEM photographs of zirconia powder obtained by the hydrothermal synthetic method at various temperatures.
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Fig. 5. EDX analysis of zirconia powder obtained by the hydrothermal synthetic method at various temperatures.
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Fig. 6. Transformation of BET surface area([]) and Pore
size(Hll) of zirconia powder obtained by the hydrothermal
synthetic method at various temperatures.
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Fig. 7. BET plot of zirconia powder obtained by the hydro-
thermal synthetic method at 200°C.
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Fig. 8. BJH desortion dV/dlog(D) pore volume of zirconia

powder obtained by the hydrothermal synthetic method at

various temperature.
[(a) 80°C, (b) 120°C, (c) 160°C, (d) 200°C for 20hr]

Table 1. Surface property of zirconia powder with various
hydrothermal synthesis temperatures for 20hr.

Temperature BET surface Pore Volume Pore Size

(°C) area (m%/g) (ml/g) (nm)
1 As prepared 276.85 0.13 23
2 80 347.78 0.32 3.1
3 120 307.28 0.36 4.2
4 160 125.00 0.25 7.0
5 200 126.6 0.23 6.8
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