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Preparation, Mechanical Properties and Thermal Properties of Elastic Aerogels

ZU Guo-Qing, SHEN Jun, ZOU Li-Ping, WANG Wen-Qin, LIAN Ya, ZHANG Zhi-Hua

(Pohl Institute of Solid State Physics, Tongji University, Shanghai 200092, China)

Abstract: Transparent and monolithic aerogels were prepared via acid-base two step Sol-Gel process with Me-
thyltrimethoxysilane (MTMS), water, acetic acid and ammonia as precursor, solvent, acid and base accelerators,
respectively, followed by drying under a supercritical condition using alcohol as drying medium. Scan electron
microscope, N, adsorption analyzer, dynamic mechanical analyzer, hotdisk thermal analyzer were used to char-
acterize the morphology, pore structure, mechanical properties and thermal properties of the aerogels. The ob-
tained aerogels showed good elastic properties. They could shrink up to 60% in linear scale and rebound to 78%
of their original size when unloaded, and finally spring back to 94% of their original size after heat treatment at
about 100°C. The aerogels also had good thermal insulation properties. The thermal conductivity was about
0.028 W/(m-K) at room temperature. The contact angle was up to 154°, showing good hydrophobicity. The
heat-resistance temperature of the aerogels was about 440°C, above which would result in oxidation of methyl
groups in the aerogels. The aerogels have good mechanical and thermal insulation properties, showing prospect
in the application of thermal insulation.
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Table 1  Starting compositions of MTMS aerogels

Samples MTMS/mL CTAB/g Acetic acid aq. Ammonia aq.
MTMSL1.5 10 0.4 15 mL, 0.01mol/L 0.05 mL, 6.5 mol/L
MTMS2 10 0.4 20 mL, 0.01 mol/L 0.05 mL, 6.5 mol/L
MTMS3 10 0.4 30 mL, 0.01 mol/L 0.15 mL, 6.5 mol/L
MTMS4 10 0.6 40 mL, 0.015 mol/L 0.14 mL, 6.5 mol/L

MTMSS5 10 0.6

50 mL, 0.012 mol/L 0.125 mL, 6.5 mol/L
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Fig. 2 SEM images of samples MTMS4 (a) and TMOS4 (b)
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Table 2 Physical properties of the aerogels.

Samples Bulk density Storage Thermal Surface Average Visible-light
P / (mg-cm™) modulus ¥MPa  conductivity (W-m™-K') area/(m®g"') pore size/nm  Transmittance®/%
MTMS1.5 226 2.5 0.033 _ - 8.4
MTMS2 172 2.1 0.030 586 19.4 58.2
MTMS3 120 1.5 0.029 - - 51.6
MTMS4 102 1.0 0.028 609 18.7 53.9
MTMSS5 95 0.7 0.028 - - 543
T™MOS4 102 1.2 0.027 673 18.3 -
a Measured at 35°C in air; b Measured at 25°C; ¢ Measured at 550 nm for a 10mm thick aerogel; d Not measured
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Fig. 3 N, adsorption-desorption isotherm (a) and pore size distribution (b) of sample MTMS4
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Fig. 4 FT-IR spectra of samples MTMS4 (a), TMOS4 (b) and
MTMS4 (c) after heat-treated at 500°C in air for 1h
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Fig. 5 Stress-strain curves of the aerogels under compre-
ssion mode
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Table 3 Compression tests data of the obtained aerogels

Samples Young’s Final stress %/ Final strain ¢/  Recovery ratio/ Final Teiovery Damage
modulus */MPa MPa % % ratio /% observation
MTMS2 0.98 2.28 60 78 94 No cracks
MTMS3 0.84 1.51 60 70 93 No cracks
MTMS4 0.67 0.98 60 62 69 No cracks
MTMS5 0.52 0.65 60 62 71 No cracks
TMOS4 0.73 0.94 42 - - Cracks

a Calculated as the initial slope of stress-strain curve; b Stress in the end of the compression; ¢ Strain at final stress; d The recovery ratio after

heat treatment at 100°C.
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Fig. 6 Uniaxial compression test of sample MTMS3
(a), (b) and (c) before, under, after compression, respectively, and (d) after heat-treated at 100 C for 30 min
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Fig. 7 Dynamic mechanical analysis (DMA) on MTMS aerogels

In a compression mode between 25°C and 350°C with 1 Hz sinusoidal frequency in air at heating rate of 3 “C/min
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