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Preparation and properties of cellulose nanocrystal based structurally colored radiative

cooling composite films

SUN Biyao, AN Bang, SUN Wenye , MA Chunhui, XU Mingcong’, LIU Shouxin , LI Wei’
(Key Laboratory of Bio-based Material Science and Technology of the Ministry of Education, Northeast Forestry
University, Harbin 150040, China)

Abstract: Radiative cooling lowers its own temperature by emitting heat into outer space and is a green, low-
carbon and sustainable cooling strategy. Most radiative cooling materials have monotonous color appearance,
mostly white or transparent, and the addition of traditional colorants will cause the materials to absorb heat and
reduce the radiative cooling performance. Cellulose nanocrystal/polyethylene glycol (CNC/PEG) composite
radiative cooling films with tunable structural colors were prepared by self-assembly method. And the composite
films were combined with cellulose acetate (CA) films with porous structure to obtain structure-colored radiation-
cooled bilayer composite films. The results show that the CNC/PEG composite films have bright structural colors
with obvious birefringence phenomenon. With the increase of PEG content, the pitch of the composite film struc-
ture increases, and the color changes from blue-green to red. The CNC/PEG structural color composite film has the

highest reflectance up to 68.5% in the visible light band, and the emissivity in the atmospheric window band is up to
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93%, with an ambient cooling effect of about 3.4°C. The CNC/PEG-CA bilayer composite film has the highest

reflectance in the visible light band up to 91.8%, and the emissivity in the atmospheric window band is up to 32.2%.

Compared with the composite film, the bilayer composite film has better cooling performance, with a temperature

difference of about 14.3°C compared with the ambient temperature. In outdoor tests, compared with the ambient

temperature, the composite film can achieve a cooling effect of about 2°C, and the bilayer composite film can

achieve a cooling effect of about 6°C.

Keywords: radiative cooling; structural color; cellulose nanocrystals; chiral nematic structures; bilayer compo-

site films
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Fig.1 (a) TEM image of CNC; (b) Particle size distribution of CNC; (c) Potential curve of CNC
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(f) Composite film radiative cooling schematic
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Fig.3 Cross-sectional electron microscope images of composite films with different PEG contents
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Fig.4 Polarized light microscopy images of composite films with different PEG contents
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Fig. 7 (a) Photos of indoor Xenon lamp simulation device; (b) Self assembling temperature measuring device; Temperature comparison of

CNC/PEG-10% and air (c), CNC/PEG-30% and air (d)
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Fig.8 ((a)-(c)) Infrared thermograms of cellulose acetate (CA) film, filter paper and A4 paper; (d) SEM image of CA film surface;

(e) Temperature comparison of CA and air
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Fig.9 ((a)-(c)) Infrared thermograms of CNC/PEG-20%, CNC/PEG-20%-CA and and CA films with blue coatings; Temperature comparison of CA
with blue painting and air (d), CNC/PEG-20%-CA and air (e), CNC/PEG-10%-CA and air (f), CNC/PEG-30%-CA and air (g)
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Fig. 10 ((a), (b)) Diagram of an outdoor installation for testing the change in temperature difference between CNC/PEG-30%-CA, CNC/PEG-30% and air;

(c) Temperature comparison of CNC/PEG-30%-CA, CNC/PEG-30% and air
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