
difference in breakage mechanisms for these loading situations. More
detailed discussion of the mechanical properties of the nanowood can
be found in discussion S1 of the Supplementary Materials.

An ultraviolet-visible test (LAMBDA 35, PerkinElmer) for a 3-mm-
thick sample was carried out to evaluate the emissivity of the nanowood.
The sample exhibits an average of ~95% reflection, covering from 400-
to 1100-nm wavelength range (Fig. 4D). The transmittance is below the
basic noise level (<0.1%). The emissivity (emissivity� absorptivity; gray
surface approximation) is calculated to be ~5%, which indicates an ef-
fective reflection of thermal energy from the radiative heat source (New-
port Standard Solar Simulator). For comparison, natural wood absorbs
an average of 50% of the light in the visible light spectrum. This unique
broadband omnidirectional reflectance of the bright nanowood results
from the dense nanosized scattering centers on its surface (30, 31). A
collimated 820-nm heat source with a spot size of 1 mm and an input
power of 0.95 W/mm2 was incident perpendicular to the surface of the

nanowood and the natural wood specimens. As shown in Fig. 4 (E and F),
the maximum temperature is 36°C with a full width at half maximum
(FWHM) of 5.2 mm on the nanowood, compared with 99.4°C on the
natural wood with an FWHM of 4.0 mm, owing to (i) lower absorption
and (ii) better heat dissipation of the nanowood.

Thermal insulation of the nanowood in comparison with
other insulators
To demonstrate the thermal management capabilities of our developed
nanowood, we tested the specimens under both a conductive and a ra-
diative heat source and compared it against other thermal insulation
materials, including a silica aerogel (isotropic), Styrofoam (isotropic),
and the natural American basswood (anisotropic). The experimental
setup for conductive and radiative heat transfer schemes are shown in
Fig. 5 (D and G, respectively). The commercial silica aerogel (www.
buyaerogel.com) has a thickness of 0.7 cm, and we prepared a nanowood

Fig. 5. Thermal insulation performance of nanowood in comparison with a silica aerogel, a Styrofoam, and a natural wood. (A) Photograph of a 1-mm-thick
specimen of a nanowood. (B) SEM side view of the nanowood channels composed of aligned cellulose nanofibrils. (C) Optical reflection, transmission, and absorption of
the silica aerogel and nanowood illuminated by the standard solar simulator. (D) Schematic description of the nanowood being illuminated transversely (perpendicular
to the nanofibrils). (Eand F) Summary of results showing the stabilized backside temperatures of the thermal insulators when the top surface is in direct contact with a
conductive heat source via thermal paste. (G) Schematic description of the measurement setup using radiative heat sources (solar simulator). (H and I) Summary of the
results showing the stabilized backside temperatures of each thermal insulator, with the top surface receiving radiative energy from the solar simulator.

S C I E N C E A D V A N C E S| R E S E A R C H A R T I C L E

Li et al., Sci. Adv.2018;4 :eaar3724 9 March 2018 6 of 9

 on N
ovem

ber 20, 2019
http://advances.sciencem

ag.org/
D

ow
nloaded from

 


