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Preparation of Hydrophobic Silica Aerogel with High Thermal Stability by
Argon Atmosphere Heat Treatment
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(1. School of Resource and Safety Engineering, Central South University, Changsha 410083, China;
2. University of Science and Technology of China, State Key Laboratory of Fire Science, Hefei 230027, China)

Abstract: Improving the thermal stability of silica (SiO,) aerogel plays a crucial role in expanding its heat insulation application. In
this work, heat treatment in argon atmosphere was adopted to avoid the thermal oxidative decomposition of hydrophobic groups,
which inevitably occurred in the heat treatment in air atmosphere. Also, the physicochemical properties were analyzed. The results
show that the hydrophobicity of SiO, aerogels still maintains at a contact angle of 140° after heat treatment in argon atmosphere at
700 °C. In the differential scanning calorimetry test in air atmosphere, the peak temperature in exothermic reaction (7pea) of heat
treated SiO, aerogels reaches 584 C, which is approximately 300 ‘C higher than that of untreated SiO, aerogels, thus improving the
thermal stability. The results obtained also indicate that hydrophobic SiO, aerogels could be used at high temperatures due to the
improved thermal stability and safety.
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Fig. 1 SEM images of SiO, aerogels at different heat treatment temperatures
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Table 1 Pore parameters of SiO, aerogel at different heat treatment temperatures

2, 1

Sample BET surface area/(m™g ) Pore volume /(cm®-g ™) Average pore diameter /nm Vpore fem® g™ Dyore /nm
Unheated 1002 2.6 3.0 10.5 41.9
250 C 968 3.1 3.1 10.7 442
350 'C 943 3.0 3.8 10.5 445
600 C 775 2.4 3.4 7.0 36.1
700 'C 625 1.7 3.4 6.1 39.0
900 C 393 1.1 3.8 5.2 529

Vpore 18 pore volume, Dy is average pore diameter, they are calculated according to formulas (2) and (3), respectively.
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Fig. 4 Effects of different heat treatment temperatures on density, porosity and thermal conductivity of SiO, aerogels
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Table 2 Chemical bonds or groups and corresponding

wavenumber
Chemical bonds or groups Wavenumber/cm™'
—OH 3425 (str). 1633 (def)
Si—O—Si 1086 (asy). 804 (sy). 457 (def)
Si—C 757 (roc)~ 849 (str). 1257 (sy)
C—H 2980-2900 (asy. sy)

str represents stretching vibration; def means deformation vibration; sy is
symmetrical stretching vibration; asy means asymmetric stretching vibration;

and roc is rocking vibration.
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