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Bioinspired intelligent polymer materials for
optical and thermal management

SHI Shu-kuan', LI Bin-xuan', YANG Huai*, FENG Wei', WANG Ling""

(1. School of Material Science and Engineering » Tianjin University, Tianjin 300350, China ;
2. School of Material Science and Engineering , Peking University, Beijing 100871, China)

Abstract: The problem of energy depletion has become an obstacle to the sustainable development of
human society. According to statistics, Chinese building energy consumption accounts for 20% of our
total energy consumption. Therefore, it is of paramount importance to intelligently manage the solar
radiation and infrared thermal radiation of objects, achieving the self-adaption of environmental tem-
perature while reducing energy consumption. This work summarizes the state-of-the-art advancements
of bioinspired intelligent polymer materials for optical and thermal management, which includes tem-
perature-adaptive polymer materials with dynamic modulation of solar radiation and infrared thermal
radiation. The temperature-adaptive polymer materials including liquid crystals and hydrogels for dy-
namic modulation of solar radiation are introduced firstly, then the advanced polymer materials with
tunable emissivity in the mid-wavelength and long-wavelength infrared spectral range are illustrated

for dynamic modulation of infrared thermal radiation. This review concludes with a perspective on the
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opportunities and challenges for the future development and potential applications of emerging bioin-

spired intelligent polymer materials for optical and thermal management.

Key words: optical and thermal management; solar radiation; infrared thermal radiation; liquid crys-

tal; hydrogel
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Fig.1 (a) Variation of light transmittance at 700
nm of the functionalized-graphene doped
liquid crystal polymer composite with respect
to different temperature; (b) Variation of
light transmittance at 700 nm of the func-
tionalized -graphene doped liquid crystal pol-
ymer composite with respect to NIR irradia-
tion; (c¢) Actual picture of transparent state
at the room temperature; (d) Actual picture

of opaque state at a high temperature.
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Fig.2 (a) Schematic illustration of the large-scale
procedures of PD&SLC; (b) Actual pictures

of PD&.SLC at transparent and opaque state.
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pictures based on the tunable scattering be-

haviors of hydrogel particles.
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Fig.4 (a) Schematic illustration of transparent
wood’s structure; (b) Schematic diagram of
Li, Cs, WO;/PVA-PNIPAm and its photo-

thermal phase transition mechanism.
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Fig.5 (a) Working principle of the TET smart win-
dow in summer and winter; (b) Schematic

3D printing and side view of printing process.
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Fig.6 Design principles of an IR gating textile
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Fig.7 (a) Camera images of a squid changing its
appearance in front of a rocky background;
(b) A generic schematic of the side view of
infrared-reflecting platform (left) before and
(right) after actuation; (c¢) Schematics of a
squid silhouette-shaped under a constant ther-
mal flux before and after electrical actuation;
(d) Schematic of the dynamic thermal modu-
lating system structure for uniaxial strain;
(e) Thermal camera images of the dynamic
thermal modulating system for finger motion

sensing.
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Fig.8 (a) Design of self-adaptive radiative cooling
with a large cross resonator structure; (b)
Mechanisms for smart photonic thermal man-
agement by self-adaptive radiative cooling and

solar heating.
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Fig.9 (a) Structural design scheme of the used
TCPCS apparatus; (b) Schematic diagram of
the film’s cross-sectional structure of the
cooler; (¢) LWIR thermographs of PE en-
closed in PE films when dry and wetted with
alcohol; (d) Icehouse-to-greenhouse switching

of PE-air/alcohol system.
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Fig.10 (a) Working principle of smart window in

summer; (b) Working principle of smart

window in winter; (c) Temperature-
adaptive emissivity of radiative coating ma-
terials and schematics for temperature man-

agement when used as a household roof

coating.
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