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Review of Flexible Silica Aerogels

ZHOU Yingbo KONG Gang LAT Delin CHE Chunshan
(South China University of Technology , Guangzhou 510641)

Abstract Silica aerogels have the characteristics of low density, high porosity, high specific surface area and
low thermal conductivity, but they have some defects such as low strength and poor toughness. On this basis, flexible
silica aerogels show better mechanical properties and applicability by improving the preparation process of traditional
silica aerogels. This paper reviews the latest research progress of flexible silica aerogels from home and abroad and
compares the performance parameters of different types of aerogel. The commonly used preparation methods, such as
precursor modification, polymer modification and fiber reinforcement, are introduced emphatically. And the
precursor modification method is easier to realize the design of microstructure and properties of aerogel materials by
selecting and combining the types of silicon sources, which is considered as the primary method for preparing flexible
silica aerogels and the research hotspot at present. In addition, its applications in the fields of thermal insulation, oil—-
water separation, and high efficiency sound insulation are summarized and the development of flexible silica aerogel
is prospected in this article.
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Fig. 1  The process routing of SiO, aerogel
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Fig. 2 Transmission electron micrographs showing the

microstructure of the TEOS and MTMS based aerogel samples
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Fig. 4 Stress strain curves obtained from three—point bending

tests on EBPMS and PMSQ aerogels and the network structure
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Tab.1 Comparison of performance parameters of flexible SiO, aerogels that prepared by different hybrid precursors

IE Hemi A T fLAR R e
1k SR STE R N P
Rk e - S NIP) Sk
/geem™ /m?.g7! /nm /We(m-K' —mm /MPa
&l% o/MPa
MTMS-TEOS 0.12 895.5 20~30 0.027 30 ~0.0145 0.045~0.048 (181
MTMS-DMDMS 0.11~0.12 N.A. N.A. N.A. 80 ~0.065 N.A. (19
VTMS-VMPMS 0.122~0.157 N.A. N.A. N.A. 80 ~0.070 0.01. 201
VTES-MTMS 0.143 321.0 2~30; 30~600 0.024 + 0.003 55 ~0.571 N.A. 21
MPTMS-VTMS 0.064~0.085 338~363 6.2~7.4 0.047-0.056 65 ~0.21 0.03~0.12 (221
MTMS-VTMS-TMOS 0.138~0.164 188.3 125 0.062 + 0.004 N.A. ~0.064 0.057 (23]
MTMS-DMDMS-APTES 0.172~0.179 792~833 N.A. N.A. 80 N.A N.A. (241
TMMS-TEOS-MTES 0.12~0.28 550~937 2~5; 10~20 0.04~0.13 60 0.25 N.A. 17
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Fig. 5 The reaction process of diisocyanate crosslinking APTES modified wet gel
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Tab. 2 Crosslinking modified SiO, aerogel in situ

N ) [ 25 6
. e s WRER PR SR [ i
/g-cm™ /m?-g” nm /W (m-K)™! —_—
&l% o/MPa

TEOS Poly rotaxanes 0.12~0.30 488.9~722.2 20~30 <0.02 5 ~1 1371
TMOS Silk fibroin 0.11~0.20 400~800 10.7 0.033~0.039 80 ~0.37 1331
Polysiloxane multimethoxy—POSS 0.19~0.23 476.3~632.9 19~27 N.A. 50 ~3.48 1381
MTMS PVDMS 0.10 1479 + 83 2~30 0.029 50 ~1.25 1391
VTMS PVTMS 0.05~0.22 1024.8 22~55 0.01~0.017 10 ~0.3 1361
VMDMS PVMDMS 0.16~0.31 900~1000 32~58 ~0.015 80 N.A. 1401
VDMMS PVDMMS 0.02~0.2 N.A. >20 0.016~0.018 80 N.A. 1“1
VTMS PVTMS 0.13~0.22 965~1029 28~58 0.015 80 ~10 142]
ATMS PATMS 0.18~0.22 1021~1059 24~37 0.015 80 ~12 1421
GPTMS PGPTMS/PE ~0.25 N.A 21~29 0.016 15 ~0.68 1431
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Tab.3 Comparison of oil absorption property of aerogels
prepared by different silane precursor
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