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Construction and properties of thermoregulation coatings with structural color

YANG Xupei, Al Xinyan, ZHANG Lin, YAO Yuyuan, WANG Wentao"
( School of Materials Science and Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, Zhejiang, China )

Abstract: Colored thermoregulation paint (H-SiO,@SA) was prepared using hollow silica nanospheres
(H-Si0,) as chromogenic component and stearic acid (SA) as phase change component. Using waterborne
acrylic emulsion (WA) as binder, the non-iridescent structural color thermoregulating coatings (WA/H-
SiO,@SA/WA) were fabricated by brushing WA, H-SiO,@SA, and WA subsequently on the substrate. The
samples were characterized by SEM, XRD, TGA and DSC. The relationship between particle size of
H-Si0, and color as well as reflection spectrum of coating was analyzed through fiber optic spectrometer.
The effect of SA mass fraction in H-SiO,@SA on the properties of coating was evaluated based on
acid-base soaking, friction, water washing, and temperature modulation experiments. The results showed
that H-SiO, microspheres with particle sizes of 316, 342, and 402 nm presented color purple, blue, and
green, respectively, and the non-iridescent structural color possessed by H-SiO, endowed the coating with
optical characteristics of color without angular dependence. The green coating WA/H-Si0,@SA/WA-65%
prepared from H-SiO,@SA with a SA mass fraction of 65% displayed a enthalpy of melting and
crystallization of —=70.01 and 67.57 J/g respectively, with a good shaping effect at 100 °C. The coating also
exhibited stable optical properties at 20~100 °C and was capable of enduring 100 heating-cooling cycles.
In addition, after being treated with strong acid (pH=1) and strong alkali (pH=14) solutions, 100 frictions,
water washing, and other environmental effects, the coating still maintained original color, indicating good
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color stability. The coating WA/H-SiO,@SA/WA-65% also displayed excellent thermal stability without
weight loss within 150 °C, and its enthalpy of phase change and temperature of phase change did not
change significantly after 100 thermal cycles. Moreover, the coating WA/H-SiO,@SA/WA-65% displayed
good phase transition thermoregulation capacity, showed obvious temperature control platform within
ranges of 65.2~70.1 °C for heating and 57.5~62.4 °C for cooling.

Key words. phase change materials; structural colors; silica; coatings; thermoregulation; functional materials
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Fig. 1 SEM images (a~c), digital photos (insets) and reflection spectrum (d~f) of H-SiO, microspheres
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Fig. 3 SEM images (a~c), digital photos (insets) and reflection spectrum (d~f) of structural color thermoregulating coatings
WA/H-Si0,@SA/WA-65% made from purple, blue, and green phase change paints
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Fig. 5 Digital pictures at different angles (a), reflection spectra (b) and digital pictures at different temperatures (c) of
different color coatings WA/H-SiO,@SA/WA-65%; Reflection spectra of green coating WA/H-Si0,@SA/WA-65% at
different temperatures (d); Reflection wavelenth and reflectivity change curves of different colors coatings
WA/H-Si0,@SA/WA-65% after 100 heating-cooling cycles (e)
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Fig. 6 Digital photos of green coating WA/H-SiO,@SA/WA-65% immersed in acid-alkali solutions (a) and after being
immersed in acid-alkali for different times (b); Reflection spectra of green coating WA/H-Si0,@SA/WA-65% before
and after treatment with acid (c) and alkali (d) immersion; Digital photos of green coating WA/H-SiO,@SA/WA-65%
treated by brush (e), digital photos (f) and reflection spectra (g) of green coating WA/H-SiO,@SA/WA-65%; Digital
photo of green coating WA/H-SiO,@SA/WA-65% treated with water washing (h), digital photos (i) and reflection

spectrum (j) of the coating before and after treatment
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Fig. 7 XRD patterns (a) and TG curves (b) of SA and green coating WA/H-SiO,@SA/WA-65%; DSC curves (c) as well as
AH,, and AH, (d) of green coating WA/H-Si0,@SA/WA; Thermal cycle DSC curves (¢) and phase change enthalpies

(f) of green coating WA/H-Si0,@SA/WA-65%
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F 1 SA MLEFEEERZE WA/H-SiO,@SA/WA AYHAS iR
FEFIAR AR K

Table 1 Phase change temperature and phase change enthalpy
of SA and green thermoregulating coatings WA/H-
SiO,@SA/WA

RS ATw/°C AHW/(J/g) ATJ°C AH/(/g)
SA 71.18 23693 67.8 235.05

-39.11 57.34 36.89
—51.16  58.94 48.64
-61.09  60.08 60.54
-70.01  60.76 67.57

WA/H-Si0-@SA/WA-50%  67.96
WA/H-Si0-@SA/WA-55%  67.25
WA/H-Si0,@SA/WA-60% 6791
WA/H-Si0,@SA/WA-65%  69.92

ME 7d F1Z 1 LI, BEERE SA i
Oy, TR E AR B4 SHE B WA K 24 SA
Fi R 65%I, il & skt E R TR )2 WA/H-
SiO,@SA/WA-65%11) AH, . AH, % 515-70.01 #i
67.57 Vg, B PIAHAS S AT LR AR B R XL
] AR I RE

G AE R R IR R 2 IR AE ke v,
GEIEIRA ) WA/H-SI0@SA/WA-65%TE 25~100 °C
Z AT 100 YMIA-RHPEF R, IR DSC
DR A S5, 450 Te F1 f ik, MIE Te
M EATLAE 1, AR HIE RS, DSC ik
KEEHBAL (E Te), HAARREFAA S @
SIEH R HA—S (7). XUl 2T G, %
2B ARAE PR RE ) AR AR AL, TR BN rh
B 2 Al M
24 REEBRMERESW

Kl 8a MLTAMMURAIE SR (IR 2 3k
A HI R IR B AR fb . B 8a TTLLE Y, T
A& SA WK E WA/H-SIO/WA, % EIR %2
WA/H-Si0,@SA/WA-65%7E fITFFN [ SR & HIid 7
AL NS, O, WRETH SA R
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Fig. 8 Representative infrared heat map (a), heating temperature variation curves (b), and cooling temperature variation
curves (c) of green coating WA/H-SiO,@SA/WA-65% and coating WA/H-Si0,/WA during the heating and cooling process
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