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High-temperature I nsulation Property of Opacifier-doped Al,O5-SiO,
Aerogel/Mullite Fiber Composites
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(1. State Key Laboratory of Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China;
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Abstract: Infrared opacifier-doped Al,05-SiO, aerogel/mullite fiber composites were successfully prepared
through a mixed Sol-Gel and supercritical drying process by using TiCl, and ZrOCl,-8H,0 as the source of TiO,
and ZrO,, respectively. Effects of two kinds of infrared opacifier on microstructure, mechanical property and ther-
mal conductivity of composites were studied. The results show that introduction of infrared opacifier effectively
prevent the aerogels from collapse and agglomeration when exposed to high temperature, leading to high-level re-
tention of porosity. The aerogel/mullite fiber composites demonstrate a typical structure of aerogel filled fibrous fi-
ber with marvelous properties—low density (0.21-0.24 g'cm") and high bending strength performance (0.98—1.26 MPa),
which expands brilliant potential in many areas of application. When exposed to high temperature of 1050°C, the
thermal conductivity of TiO, and ZrO, doped composites can be significantly reduced from 0.098 W-m "K' to
0.085 W-m "K' and 0.076 W-m"-K ™', respectively, which could be attributed to outstanding scattering and ab-
sorbing ability of the infrared opacifiers to the infrared electromagnetic wave. All results indicate that the addition
of infrared opacifiers is a promicsing approach to enhance high-temperature properties of aerogel materials.
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Fig. 1 SEM images of acrogels before and after thermal treatment at 800°C
(a) AS; (b) AST; (c) ASZ; (d) AS-800; (¢) AST-800; (f) ASZ-800
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Fig. 2 XRD patterns of aerogels after calcined at different temperatures
(2) AS; (b) AST; (c) ASZ
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Fig. 3 Nitrogen adsorption isotherms (a, c¢) and pore size distribution curves
(b, d) of aerogels before and after heat-treatment at 800°C
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Tablel Pore structure of aerogels

Sample  Sper/(m’g!) Viw/(em’g!)  Dynm
AS 856 3.15 24 .4
AST 540 1.86 4.2
ASZ 590 1.65 4.4
AS-800 332 1.93 16.9
AST-800 496 1.45 3.8
ASZ-800 447 1.57 4.3

*BET area; ® Total pore volume; “Average pore size

PAL G 2 800°CHBEE G, AS I HL F T A7 1 856 m?/g
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Fig. 4 SEM images of mullite fiber/aerogels composites
(a) ASMF; (b) ASTMEF; (c) ASZMF
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Table2 Basic physical propertiesof composites

Sample Densit}; Content of Bending
/(g-em™) aerogels/% strength/MPa
ASMF 0.21 429 0.98
ASTMF 0.23 47.8 0.62
ASZMF 0.24 50.0 1.26
25 EAMBILERS R
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Fig. 6 Nitrogen adsorption isotherms (a, ¢) and pore size distribution curves (b, d) of composites before and after heat-treatment at 800°C
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Table3 Porestructure of composites

Sample SEET,I S§3ET,1 ngal,l Dy/nm
[(m™g")  /(m™g') /emg)

ASMF 396 251 0.62 4.4

ASTMF 284 277 0.95 4.8

ASZMF 320 207 0.67 4.3
ASMF-800 / 136 0.34 3.5
ASTMF-800 / 204 0.77 4.4
ASZMF-800 / 192 0.61 3.9

'BET theoretical area; *BET area; ° Total pore volume; ‘Average pore
size
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Fig. 7 Thermal conductivity of composites varying with
temperature
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