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Thermoplastic-Polyurethane-Based Foams via
Water-Assisted Thermally Induced Phase Separation
for Daytime Passive Radiation Cooling

Lei Wang, Hongyue Yuan, Yi Wang,* Yangzhe Hou,* and Xianhu Liu*

1. Introduction

I recent years, global warming has boen increasing, while conventional cooling

devices remain inefficient and can emit greenhouse gases. The research and
development of passive daytime radiative cooling [PDRC) are of utmost impor-
tance. Herein, a novel technique called water-assisted thermaly induced phase

Global warming poses an urgent crisis,
exacerbated by the using of refrigeration
equipment such as air conditioners and

separation (WATIPS) is employed t prepare thermoplastic polyurethane (TPU) [ aniiies of gicnhonse  gases
of

e

while consuming excessive amounts

de a coali energy /" However, the discovery of pas-

.ﬁndu;- 7°C during daytime, showcasing fts ﬂgﬂﬁm potential for PDRC
applications. Furthermore, leveraging the WA-TIPS technique, the cooling per-
formance of a composite foam consisting of TPU and $IO; nanopartiles is
investigated. Remarkably, it is discovered that incorporating just 0.1 g of SiO;

sive daylime radiative coolinig (PDRC)
infroduces a promising alternative to break
this harmful pattern.* PDRC boasts
Bumerous advantages, including high cool-
ing power, zero energy consumption, and
€. zerocarbon emissions.®”! This break-

I this work, not only a novel approach for constructing microfnanostructures is
introduced but also a theoretical and experimental framework for advancing the
development of polymer or polymer composite PDRC devices is established.
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thraugh offers hope for mitigating the
impacts of climate change while addressing
the pressing need for sustainable cooling
facilties. This technique harnesses the
emission of infrared radiation from the
material's surfice to dissipate heat into
outer space, facilitating cooling withou! requiring direct contact
with a cooling medium

In recent years, researchers have explored various techniques
for producing PDRC products using polymer matcn.\\s includ-
ing phase scparation,  clectrostat
crusion. 15 Hovere,these proceses Fequendy Bl shor
of achieving fhe precise constriction of micro/nanastructisre,
known to significantly enbance PDRC efficiency.* ! Among
these methods, phase )L-p;.mn stands out, which is divided
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into (NIPS)and therly
induced phasc scparation (TEPS) 517 NIPS imaives
rcater phenowion biggered by conceataion fuchaiont
typically resilting in the formation of nanepores, Gonversely
TIPS relies on heat transfer induced by temperamure changes,
often leading to the creation of micropores within the polymer
matrix."*) Combining these two strategics holds promise for
fabricating polymer coolers with hierarchical structures. The
integration of NIPS and TIPS <an theoretically enable the devel.
opment of PDRC with micro/manoaichitectures, improving its
application potenial

Thermoplasiic pd)'uu-ﬂunr (TFU) foarm, 2 versatile polymer

S T, e, g ehscuctsics s radstve
cooling"*" Its inherent low thermal conductivity, lightweight
nature, and ease of fabrication make it well suited for passive
cooling devices 7! Furthermore, TPU foam possesses tunable
optical properties, allawing for tailored spectral reflectance and
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