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Abstract: SiO, aerogels possess low density, ultralow thermal conductivity and excellent chemical stability,
endowing them suitable for wide application in the fields of aviation/aerospace, building energy conservation, and
energy chemical industry. Traditional SiO, nanoparticle acrogels have large brittleness and poor resilience due to their
pearl necklace-like particle structure. Using nanofibers as construction units to fabricate SiO, nanofiber aerogels can

overcome these shortcomings to some extent. However, the resilience mechanism of SiO, nanofiber aerogels is still
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unclear, which limits further improvement in their mechanical properties. Here, flexible SiO, nanofibers were prepared
by electrospinning to investigate the effect of calcination temperature on phase microstructure to elucidate flexibility
mechanism. Subsequently, SiO, nanofiber aerogels were fabricated by freeze drying. The influence of solid content on
the pore structure, strength and resilience of aerogels was studied. A buckling deformation model based on effective
nanofiber length was established to explain the compressive resilience mechanism. The findings show that calcination
temperature affects the amorphous structure and flexibility of SiO, nanofibers. Degree of short-range order in SiO,
increases with the increase in calcination temperature, leading to poor flexibility of nanofibers, while resilience of SiO,
nanofiber aerogels is related to solid content. The energy loss coefficient and resilient rate of the aerogels fabricated
with 0.5% (in mass) solid content are 0.6 and 55.2%, respectively. Further data shows that the resilience of SiO,
nanofiber aerogels is dominated by effective nanofiber length and the curvature radius of nanofibers. Based on the
above results, a relationship of resilience model is established and proved through nanofiber buckling theory. With a
reduction in curvature radius, achievable through enhancement of nanofiber flexibility and increase in effective
nanofiber length, the compressive resilient rate of aerogels increases. The present study provides theoretical guidance

for the design of SiO, nanofiber aerogels with high resilience.
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Fig. 6 Compressive resilience mechanism of SiO, fiber aerogels
(a) Pore wall of SiO, nanofiber aerogels; (b) Minimum curve radius of single SiO, nanofiber during buckling;
(c¢) Buckling deformation of nanofiber; (d) Effective nanofiber length of SiO, nanofiber aerogels fabricated with different
solid contents; (e) Comparison of experimental and calculated values of resilience for SiO, nanofiber aerogels



988

AL B OB

i 40 5

3 #it

AT T IE T2 Si0, KA 4Efi 45 T Si0, 44k
BRI, WEFE T GNOR AT 4 1) 2 M ML R < I 11 T
Ylelga L EE, EELERWT.

DB LSRR Si0, K EF4E AR S At
BERW . WA B E TR, 4R AR
%o AEERSER SiO, YK A4 B A AR E FAFE, A8
5 AT YA TSR R 5 B, RAEAN IER R
ANE G RAEWR, RO BRI,

2) [l B W E R SiO, AR RBIRE R R
vRPE . REEIL RBON N, FEE A BRI,
BRI S L R 4 o B e E R RN, (A5
RIS, FEUESE R AR 7%

3)Si0, ZF 4k S EERR 1 R 45 Bl 50 R 5 3 4F i K
FE RN 4t /N R AR G I AL I E =
Z IR R 4R [l g T 48R 1 RIS LEE . B
] S N, A A AR R, AR [B]
ABE,

KW TIRGT T WK R EZLF4Ext Si0, 21 i< bt
JE45 E SR sE e, B T Rl (H, SR
EIGN 2 RBERFE, FCK RS () M s X S BEAR )
2 B (RS2 S B R, AROR R (1) R 4 [ e L 3
WFH BT . HeAh, AR TAE J ST T AH 45 8%
SiO, ALY oM, I8 5 4R 7T 4F 4k EAR N 52
P ()52 e FLAR SGHLEE .

S Z L Hk:

[1] ZHAN W, CHEN L, KONG Q H, ef al. The synthesis and polymer
reinforced mechanical properties of SiO, aerogels: a review.
Molecules, 2023, 28(14): 5534.

[2] LUO Y, XIA S H, NIU B, et al. Preparation and high temperature

inorganic transformation of flexible silicone aerogels. Journal of

Inorganic Materials, 2022, 37(12): 1281.

[3] A&, FIAR, EWE, & =AU SRR B A R IR R
SN RERE. 4 T3k, 2023, 42(1): 297.

[4] YIZH, ZHANG X, YAN L W, et al. Super-insulated, flexible, and
high resilient mullite fiber reinforced silica aerogel composites by
interfacial modification with nanoscale mullite whisker.
Composites Part B, 2022, 230: 109549.

(5] A/, TKEGDT, IR, 55, BOHL4ENT) Sio, ABRE &M
BHEHI 2 KRR RE. TEIR Eh 25 9R, 2016, 44(1): 129.

[6] ZHANG X S, WANG B, WU N, et al. Micro-nano ceramic fibers
for high temperature thermal insulation. Journal of Inorganic
Materials, 2021, 36(3): 245.

[71 SU L, NIU M, LI M, et al. Engineering the mechanical properties
of resilient ceramic aerogels. Journal of the American Ceramic
Society, 2023, 107(3): 1468.

[8] LIU C, WANG S, WANG N, et al. From 1D nanofibers to 3D
nanofibrous aerogels: a marvellous evolution of electrospun SiO,
nanofibers for emerging applications. Nano-Micro Letters, 2022,
14: 194

[9] ThIEA, RURHR, FLI, 5. BURGUKM R e, T E
PR, 2018, 37(9): 671.

[10] SI'Y, WANG X Q, DOU L Y, et al. Ultralight and fire-resistant

[11

[12

[13

[14

[15

[16

[17

[18

[19

[20

[21

[22

[25

[26

[27

[28

[29

]

]

1

]

]

[}

—

[}

= =

—

]

[}

[}

]

]

—

ceramic  nanofibrous aerogels with temperature-invariant
superelasticity. Science Advances, 2018, 4(4): 8925.

FENG Y, GUO Y S, LI X Y, et al. Continuous rapid fabrication of
ceramic fiber sponge aerogels with high thermomechanical
properties via a green and low-cost electrospinning technique. ACS
Nano, 2024, 18: 19054.

WANG J H, LIU L P, DONG W L, et al. Ultra-high radial elastic
aerogel fibers for thermal insulation textile. Journal of Advanced
Materials Science, 2024: 2417873.

SU L, WANG H J, JIA S H, er al. Highly stretchable, crack-
insensitive and compressible ceramic aerogel. ACS Nano, 2021,
15(11): 18354.

ZHANG X, LIU C, ZHANG X X, et al. Super strong, shear
resistant, and highly elasticlamellar structured ceramic nanofibrous
aerogels for thermal insulation. Journal of Materials Chemistry A,
2021, 9: 27415.

XU B, LIANG H T, HU J, et al. Preparation of anisotropic
polyimide aerogels for thermal protection with outstanding flexible
resilience using the freeze-drying method. RSC Advances, 2024,
14(12): 8556.

LI B, TIAN H Y, LI L, et al. Graphene-assisted assembly of
electrically and magnetically conductive ceramic nanofibrous
aerogels enable multifunctionality. Advanced Functional Materials,
2024, 34(22): 2314653.

JIANG J P, YAN L W, SONG M J, et al. Thermally insulated
C/SiC/SiBCN  composite ceramic aerogel with enhanced
electromagnetic wave absorption performance.
International, 2025, 51(1): 17.

PATIL S P, PARAG S, BERND M. Mechanical properties and
behavior of glass fiber-reinforced silica aerogel nanocomposites:
Insights from all-atom simulations. Scripta Materialia, 2019, 177: 65.
W, ZEN, RS, % iR, SRR E AR
BERE. FEHTR, 2020, 34(7): 7082.

SHAHRIAR S M S, MCCARTHY D A, ANDRABI M §, et al.
Mechanically resilient hybrid aerogels containing fibers of
dual-scale sizes and knotty networks for tissue regeneration.
Nature Communications, 2024, 15: 1080.

PENG F, JIANG Y G, FENG J, et al. Research progress on alumina
aerogel composites for high-temperature thermal insulation.
Journal of Inorganic Materials, 2021, 36(7): 673.

XU W H, ZHU Y X, RAVICHANDRAN D, et al. Review of
fiber-based three-dimensional printing for applications ranging
from nanoscale nanoparticle alignment to macroscale patterning.
ACS Applied Nano Materials, 2021, 4(8): 7538.

Rk, KPR, EAG, & BB R E. Tk
REEZEAR(E ARFLHEEIR), 2020, 42(4): 405.

WANG J, LIU X N, SHANG S S, et al. Novel biphasic
high-entropy ceramic aerogels and their fiber composites with low
thermal conductivity, high thermal stability and significant thermal
insulation property. Journal of Alloys and Compounds, 2024,
1007: 176299.

XUBK,HEQC, WY Q, et al. Ultralight and efficient microwave
absorption of SiC/SiO, ceramic aerogels derived from biomass.
Ceramics International, 2023, 49(18): 30125.

EOHE, PhVE, g, &5 ML YRR Sio, B E A
MOBHTE A B AR AR 5 A3 R R 5 M. AR ER,
2021, 38(7): 2336.

ZHANG K K, LIU L, WANG X, et al. Lightweight and
superamphiphobic silanized cellulose-silica aerogels on green
flexible thermal substrates. Chemical Engineering Journal, 2024,
502: 158238.

CHANG J M, ZHU Y W, LIU J, et al. Fabrication of elastic SiO,
aerogels with prominent mechanical strength and stability
reinforced by SiO, nanofibers and polyurethane for oil adsorption.
Separation and Purification Technology, 2024, 341: 126914.
ZIMMERMANN G V M, ZATTERA J A. Silica aerogel reinforced
with cellulose nanofibers. Journal of Porous Materials, 2021,
28(5): 1325.

Ceramics



