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ABSTRACT Porous lightweight ZrO5 and porous ultralightweight ZrO; monolith were prepared via a
freeze-drying process using ice as template. The microstructures, formation mechanisms and performances
of thermal insulation and fire-resistant were studied. The results indicated that ice is an ideal template for
fabrication of porous materials. The obtained porous ZrO, with periodical layered microstructures were
lightweight, but with poor strength. After adding sodium silicate as binder, the obtained ZrO5 monolith
has porous and layered hybrid microstructures, which were still kept after calcination at 400 C for 6 h.
The calcined ZrO, monolith has a porosity of 87%, an apparent density of 0.50 g-cm~3 and high strength.
The ZrOs monolith showed good thermal insulating and fire-resistant properties with 1300 ‘C butane gas
flame.
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Fig.1 SEM image of the ZrO2 powder
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Fig.2 SEM images of the porous ZrO2 prepared from ZrOs nanoparticle dispersion via a freeze-drying

process. (a) Periodical lamellar microstructures; (b) Magnification of (a); (c) Magnification

of a random lamellar microstructure; (d) Structure between two lamellar microstructures; (e)

Magnification of the structure between two lamellar microstructures; (f) Morphology of the

lamellar microstructure under pressure
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Fig.3 Low (a, b) and high (¢, d) magnification SEM images of the porous ZrO; monolith obtained
using sodium silicate as binder via a freeze-drying process
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Fig.4 Low (a, b) and high (¢, d) magnification SEM images of the porous ZrO; monolith obtained

using sodium silicate as binder after calcination at 400 C for 6 h.
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Table 1 Densities of the calcined porous ZrO2 monolith using sodium silicate as binder

and the raw materials used

Material Density/g-cm™3
ZrOo 5.49
Sodium silicate 2.29
Porous ZrO2 monolith using sodium silicate as binder 0.50
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Fig.5 Calcined porous ZrO, monolith using sodium silicate as binder, (a) top and side views, (b)

floating on water
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Fig.6 Digital image of performance test of thermal
insulation and fire-resistance for the calcined

porous ZrO2 monolith using sodium silicate as
binder
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