366 57 T WL MR 2 AR Vol. 36 No. 7
2021 £ 7 H Journal of Inorganic Materials Jul., 2021

XEHS: 1000-324X(2021)07-0673-12 DOI: 10.15541/jim20200404
SRV AERERERESMEFRHRE

2 &, ZBAL G B, R4ETR, BER, FRE

(BHHBERF 2XHAFFR, HERALHERLLL O ELEEE, KiJ 410073)

O AR URRRE — R FLRE AR R e PR AR L i e AR I S AR 2 LA R, 7 il B A s (i
PR RAT S IAB R gt Tl a i (RIS BA T RN AT . (B2, 208 R Rl i £4£(1000 C LA
By kR R R AR BEAR R A LB, 75 BSOS SR AR AN 6 40 ) o BRI A AR DL AT
B o AN SO TR v AU A R 1A 1B 46 SR B R R I 5 BRI ) 6 B M R S5 T ) B F T R AT
TR BN GBI R AL B A Sk . DIARERE . A HLEE AR U 2 e S5 T R e T A AR B ) AR e T
PR TR P SIS T, WKL, 2 fLE ML 4S50 50, BERs KRS 022 PR, 21 4R AN 60 ) By 1)
H, RENS 3R iR EAL B BN B LD AN R A R BE 7, R B PR IR R T 3. AR TR B 77 i AL dh
AR L L PO S R REAT RS AR, B ST\ & 5 BT R A, DUE — 2P B e R I IR E Ve R &
MOEHIBR AR RE s IRABIETE S A APRHE sy il T 2 AV BRI AL, LSRR BRI A 0 it AR 2 18] R A ELAE AT A
N R R R AR, SRR SRR B P BERE 18 = TR R IR U A HE L AL A IR IR 2D S B2 A

X O AR RRI RAMEL HEGEA; IR,

hESEKE: TB332 XEARER: A

Research Progress on Alumina Aerogel Composites for
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Abstract: As a nano-porous material with high porosity, low density, high specific surface area, excellent heat-resistance,
and low thermal conductivity, the alumina aerogel shows broad application prospect in high-temperature thermal insulating
areas such as the thermal protective system for space vehicles and the thermal insulation for industrial kilns. However,
pristine alumina aerogels cannot be directly used because of their relatively poor thermal resistance above 1000 C,
mechanical strengths and high-temperature thermal insulating performance. They need to be improved by introducing
reinforcements and opacifiers (namely the alumina aerogel composite). This paper summarizes the latest research progress of
synthesis of heat-resistant alumina aerogels, and preparation and properties of alumina aerogel composites. Researchers
improved the thermal stability of alumina aerogels by modifications such as in-situ doping, deposition, organic chains or
carbon coatings. The introduction of whiskers, particles, porous skeletons or fibers into alumina aerogels contributes to
considerable improvement of mechanical performance. The cooperation of fibers and opacifiers helps to increase the
inhibition of infrared radiation and lower the high-temperature thermal conductivity of alumina aerogels. The future of
alumina aerogel composites is also proposed: a) finely tailoring the bulk density, micro structures, and introducing proper
foreign elements and opacifiers, are supposed to further optimize the thermal stability of alumina aerogels and thermal
insulating performance of their composites; b) deeper attention should also be paid on the evolution of structure and
properties of composites at elevated temperatures, and on the interaction between alumina aerogel and reinforcement. As a
novel thermal insulation, alumina aerogel composites are expected to take their advantages and be widely applied in the future.
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Al(OR); (aluminum alkoxide), AlX;(inorganic aluminum salt), H,O, AlOOH(boehmite),
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Fig. 2 Alumina-silica aerogels after heat-treatment””!
(a) Specific surface areas of aerogels with different molar ratios of Si; (b) TEM photos of the pristine alumina aerogel (AA-1300) and
alumina-silica aerogel calcined at 1300 ‘C(ASA81-1300); (c) Distributions and atomic ratios of Si and Al in the aerogel with

a theoretical Si/Al molar ratio of 0.125 : 1 (Bars representing 20 nm; the red and green color representing Si and Al, respectively)
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Fig. 3 Si-modified alumina aerogels'
(a) Deposition modification of the gels; (b) Macro and (c¢) Micro changing of pristine and Si-modified alumina aerogels after heat-treatment at 1300 ‘C
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Fig. 4 (a) Porous structure®® and (b) elastic moduli of alumina aerogels
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Fig. 6 The aluminum borate whisker reinforced alumina-silica aerogel composite
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(a) Macro and (b) micro morphology; (¢c) Mechanical properties
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Fig. 7 Zirconia fiber-based porous skeleton and the alumina-silica aerogel composite reinforced by the skeleton

[37]

Micro morphology of (a) skeleton and (b) composite, and (c) their mechanical properties
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Fig. 8 The macro (a) and micro morphologies (b,c) of the quartz fiber-based porous skeleton

[33]
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Fig. 9 Fiber reinforced alumina (alumina-silica) acrogel composites

[55-57]

(a) Influence of mass fraction of fibers on mechanical properties®™; (b) Behavior of composites under compressive and bending

loadings®; (c) Morphology and (d) bending/tensile strengths of composites with different fiber densities
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