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Preparation of Low Density, Monolithic Alumina Aerogels
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Abstract: The effect of synthesis conditions on alumina sols and aerogels was investigated. The results show that
a clear alumina sol is obtained by mixing aluminum tri-sec-butoxide(ASB), ethanol and water in a molar ratio of
1:8~16:1.2 and stirring at 60 °C. The chelating reagent ethyl acetoacetate(Etac), which controls the hydrolysis and
condensation of ASB, improves the stability of alumina sol. The monolithic alumina aerogel with well strength is
composed of poly-crystallized boehmite, and the specific surface area is 447 m?-g™. The strength and density of
aerogels decrease with the increase of ethanol solvent, and the lowest density is 0.040 g-cm™. The microstructure
of alumina aerogel consists of randomly connected leaf-like particles. During calcination at 1200 °C, the aerogel

still keeps the same porous textures and the surface area is 73 m?-g™\.
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Table 1 Effects of process parameters on the formation of alumina sol

Precursors Molar ratio Hydrolysis conditions Characteristics of sol Gelation time
AIP/EtOH/H,0 1:16:1.2 25 °C, 60 min White cloudy, precipitate —
AIP/EtOH/H,O 1:32:1.2 60 °C, 60 min White cloudy, precipitate —
ASB/EtOH/H0 1:16:1.2 25 °C, 45 min White cloudy, precipitate —
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ASB/EtOH/H,O 1:16:1.2 60 °C, 10 min white cloudy —
ASB/EtOH/H,O 1:16:1.2 60 °C, 45 min transparent clear liquid 1.5h
ASB/EtOH/H,0 1:12:1.2 60 C, 45 min transparent clear liquid 60 min
ASB/EtOH/H,0 1:8:1.2 60 C, 45 min transparent clear liquid 40 min
ASB/EtOH/H,0 1:4:1.2 60 °C, 45 min translucent, a few precipitate 15 min
ASB/EtOH/H,0 1:16:2 60 °C, 45 min White cloudy, precipitate —

ASB/EtOH/H,0/Etac 1:16:1.2:0.1 60 °C, 45 min transparent clear liquid 10 h

ASB/EtOH/H,0/Etac 1:16:1.2:0.25 60 °C, 45 min transparent clear liquid 2 months

* The second step is the same for all of the alumina sols prepared
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Fig.1 XRD patterns of hydrolystes of AIP (A) and

ASB (B) at 60 °C
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Fig.2 Ethyl acetoacetate chelating effect
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Table 2 Effects of different conditions on the formation of alumina aerogels

Precursors (molar ratio) Characteristics of aerogels Strength Density / (g+cm™)
1ASB/16EtOH/1.2H,0/0.25Etac Opaque powder — —
1ASB/16EtOH/1.2H,0/0.1Etac Opaque monolith low 0.040

1ASB/16EtOH/1.2H,0 Opaque monolith } 0.043

1ASB/12EtOH/1.2H,0 Opaque monolith } 0.055

1ASB/SEtOH/1.2H,0 Opaque monolith } 0.064
1ASB/4EtOH/1.2H,0 Opaque monolith high 0.077
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Fig.3 Photograph of monolithic alumina aerogel
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