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S1. Characterization of BNNS and BNNS/WPU composite aerogels

The morphologies and chemical structures of exfoliated BNNS from bulk #-BN were
characterized (Supplementary Figure 1). The SEM image shows that the lateral size of BNNS
is in the range of several hundred nanometers to 5 um (Supplementary Figure 1a). The AFM
profile presents an ultrathin thickness of BNNS ranging from 3 to 7 nm (Supplementary Figure
1b-c). The crystalline structures of bulk #-BN and BNNS were studied by XRD
(Supplementary Figure 1d). Both materials exhibited prominent peaks of the (002), (100),
(101), (102) and (004) planes at 26.7°, 41.7°, 44.0°, 50.5° and 54.3°, respectively, confirming
an intact crystalline structure of 4-BN after the chemical exfoliation to form BNNS.! 2 The
XPS survey spectra (Supplementary Fig. 1e) of both WPU and BNNS/WPU aerogels showed
peaks at 285, 400 and 533 eV corresponding to Cls, N1s and Ols, respectively. An additional
Bls peak was detected at 190.2 eV for the BNNS/WPU aerogel because of the presence of
BNNS. The deconvoluted Bls spectrum (Supplementary Fig. 1f) presented two major peaks
of B-O and B-N bonds at 191.2 eV and 190.5 eV, respectively. The presence of B-O bonds
indicates the formation of pendant hydroxyl groups on BN skeletons due to hydrolysis taking
place during exfoliation.3-> This would facilitate the formation of hydrogen bonds between the
hydroxyl groups on BNNS and the ether or carboxyl groups in the WPU chains, promoting

interfacial interaction between them.® 7
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Supplementary Figure 1. Characterization of 2-BN and BNNS. (a) SEM, (b) AFM images,
and (c) the thickness profile obtained from AFM showing the lateral size and thickness of
BNNS. (d) XRD patterns of bulk #2-BN and BNNS. (e) XPS spectra of WPU and BNNS/WPU
aerogels. (f) High-resolution Bls spectrum of BNNS/WPU aerogel.



S2. Thermal response of BNNS/WPU composite aerogels
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Supplementary Figure 2. Top surface temperatures of the BNNS/WPU aerogels and

commercial EPS foam (k= 30.5 mW/ m K) measured using a thermal camera.
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Supplementary Figure 3. Total thermal resistor network of heat flux in the transverse
direction.

The k of the BNNS/WPU composite cell wall in the transverse and alignment directions, i.e.,

x y : . : . o : :
*wait and *watt, are estimated using the effective medium approximation according to previous

studies:®?
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where f is the volume fraction of BNNS, K is the k of WPU (0.21 W/mK), kp is the k of BNNS

(600 W/mK),'? (cos” 6) equals to 1 for parallel flat plate inclusions oriented perpendicular to

1

the X3 axis, and equal to 3 for completely random plates, @ is a dimensionless parameter, Rgp

is the Kapitza interfacial thermal resistance between BNNS and polymer matrix (7.6x10° m?

K/W),!" and " is the thickness of BNNS.

Supplementary Figure 4. SEM images showing the presence of holes in the cell walls. The

scale bars are 100 um.



S3. Outdoor test of BNNS/WPU composite aerogels
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Supplementary Figure 5. Schematical illustration of set-up for outdoor test.



Supplementary Table 1. Physical properties of WPU and WPU/BNNS aerogels fabricated at

different freezing temperatures and BNNS contents.

Freezing temperature | BNNS loading Density Porosity
(°O) (Wt%) (mg/em’) (%)
0 36.7+2.0 96.4
-20
10 355+14 96.7
0 28.6+2.3 97.2
-50
10 27.1+0.8 97.5
0 255+0.2 97.5
-196
10 20.2 £0.6 98.1




Supplementary Table 2. Comparison of thermal and optical properties of the current
BNNS/WPU aerogel with other structures reported in the literature.

Kivans (T isotropic structu
trans (fOT amsoorroplc structure) Solar
Materials ) ) reflectance Reference
k (for isotropic structure) %)
(mW/m K) °

BNNS/PVA aerogel 23.5 93.8 12
PE aerogel 28 92.2 13
PDMS/PE aerogel 32 96 14
Superhydrophobic )3 93 15
cellulose aerogel
CNC aerogel 26 96 16
Hollow microfibers 14 94 17
cooler
Nanowood 30 95 18
TiO,/Silica a'erogel 29 90 19
nanocomposite

This
BNNS/WPU aerogel 16.2 97

work
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