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Supporting Information

1. Supplemented Figures

Table S1 The bulk shrinkage of a set of samples.

Sample ID Original Volume after 15 Volume after Bulk shrinkage
volume (cm?) drying (cm?) imidization (cm®) (%)

PI/QFF-PO 49.8 / 45.0 9.6

PI/QFF-P5 49.8 48.8 47.7 4.2

PI/QFF-P10  49.7 49.0 48.6 2.2

Figure S1 (a) SEM with EDS mapping images, and (b) SEM image of crossing fiber nodes bonded

with linear PI and fibers coated with linear PI.

Figure S2 Photographs of the QFF (neat quartz fiber felt), QFF-P5 (polyamic acid impregnated

preform), and PI/QFF-P5 (quartz fiber felt reinforced dual PI networks).



Figure S3 SEM images of PI/QFF-P0 and PI/QFF-P5 after compression test.
Discussion:
During compression or bending, the fiber is easy to break when it is crossing on another rigid fiber
(Figure S3a), therefore the energy is dissipated through breaking. In Figure S3b, the fiber can be
protected by the flexible buffer coating of linear PI when suffering stress during compression or

bending.

Figure S4 The images of bending process illustrating the reversible bendability of PI/QFF-PS.
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Figure S5 Benchmark of the compressive stress at 60% strain with those of flexible PI aerogels in

other works.!-7

Figure S6 Photo of a 3000 mL EtOH bottle loaded on a small piece of folded PI/QFF-P5.



Figure S7 Photographs of the performance of QFF under bending and compression.

Table S2 The thermal conductivity and bulk density of a set of samples.

Sample ID Thermal conductivity Thermal conductivity = Bulk density
inZ (W-m'K') in XY (W-mlK7") (g'cmd)
PI/QFF-P0 0.038 0.088 0.147
PI/QFF-P5 0.036 0.110 0.204
PI/QFF-P10 0.039 0.095 0.252

PI/QFF-P10 Mullite aerogel

Balanced

Figure S8 Thermal images of a set of samples located on a heating stage of 350 °C at the time of 1

min and 5Smin.

Table S3. Solid conduction A, interfacial thermal resistance Rk values,® and calculation results of PI



Components Aol Ry D 2l

W-m!K-! 108 m? K-W-! um W-m'K!

PI resin 0.15-0.26 6.7-13.3 0.2 0.13-0.23

Discussion:

In the interfacial phonon scattering effect on the solid conductivity of PI, 1%, is calculated by
formula (S1):
A1 = Agoi/ (L + Ay X Ry /A) (S1)
where, A4 1s the thermal conductivity of equivalent solid material, Ry is the Kapitza resistance, and d
is the characteristic size of the tiny pores. Ay is reduced in some extent by comparing 1 (0.13-0.23
W-m-'K-") with Ay (0.15-0.26 W-m'K-!) due to the phonon scattering effect. The reduced solid
thermal conductivity would further decrease the solid thermal conductivity of PI/QFF-Px, based on:

(1) The porous PI slice is a critical part of the crosslinked composites; (2) The PI slices are all

constructed by large amounts of tiny pores, which would result in an intensive phonon scattering effect.

Front side

Figure S9 (a) Photographs of the measurement set-up using a butane blow torch. (b) Thermal image

of the front side subjected to the butane blowlamp flame.
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Figure S10 Backside temperature curves of (a) pure organic PI aerogel, and (b) inorganic QFF.
Discussion:

To further investigate the temperature decreases of PI/QFF-Px in stage-II, the pure organic PI aerogel
and inorganic QFF were separately taken for an ablation test by being subjected to the butane flame of
about 1200 °C with sufficient oxygen supply. The results of backside temperature are plotted as Fig.
S9a and b, respectively. It is obvious that the temperature decrease of the composite was directly
caused by the organic PI component, but not the inorganic QFF. The most significant deviation
between organic aerogel and inorganic aerogels during ablation is the pyrolysis reaction, wherein both
the exothermic chemical reactions and the endothermic evaporation of pyrolysis products are
involved® 10, Therefore, we deduce the temperature decrease in stage-Ilis mainly caused by the
endothermic pyrolysis of PI slices. Moreover, the marginal temperature decrease of the 1%t ablation of
QFF was probably caused by the organic coating on fibers, such as sizing agent. Therefore, the
temperature reduction almost disappeared during the 2" ablation of QFF as the organic component on

fibers was ablated out during the 1%t ablation.



Figure S11 SEM images of the carbonized PI/QFF-P5 at different magnifications, showing the

cracking stopped by fibers.

2. Supplemented Video

Video S1: Superior elasticity of PI/QFF-PO during the repetitive compression and bending.
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