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Preparation and Thermal Insulation Performance of High Near-Infrared Reflectance
(Ni, Sb)—Co-Doped Rutile Yellow/Silica Aerogel Hybrid Pigment

XIAO Junying', PAN Zhidong', LU Youjun®, WANG Yanmin'*
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China; 2. School of
Material Science and Engineering, North Minzu University, Yinchuan, 750021, China)

Abstract: (Ni, Sb)-codoped rutile yellow (NiSb—-RTi) pigment with a high near-infrared (Near infrared, NIR) reflectance was
prepared by a solid—phase method, and then (Ni, Sb)-codoped rutile/silica aerogel (NiSb-RTi/silica aerogel) hybrid pigment with a
high NIR reflectance and a network structure was prepared with SiO, aerogel substrate. The structural characteristics, color rendering
performance, NIR reflectance, and thermal insulation performance of the hybrid pigment were characterized. The results show that
NiSb-RTi pigment synthesized at 1% (in mass fraction) NaF as a sintering aid has superior color rendering performance (b*=54.24)
and NIR reflectance. NiSb—RTi/silica aerogel hybrid pigment with a network structure has a good color rendering performance, a low
transmittance, a high NIR reflectance (i.€., 96.60%) and a low thermal conductivity (i.e., 0.068 54 W/(m-K)), indicating a superior
thermal insulation performance. In addition, the preparation process and thermal insulation mechanism of the hybrid pigment with a
network structure were also discussed.

Keywords: pigment; near infrared reflectance; silica aerogel; thermal insulation
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Fig. 1 Schematic illustration of a preparation process of NiSb—RTi/silica aerogel hybrid pigment
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(a) XRD patterns of NiSb—Ti pigments

(b) Enlarged XRD patterns of Fig. 2(a)

Bl 2 RTINS R & NaF BIResilZe 800 ‘CHBbe 2 h BT & Uk it 88 Rk XRD i
Fig. 2 XRD patterns of NiSb-Ti pigments synthesized without and with different contents of NaF at 800 “C for 2 h
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Table 1 Particle sizes, average crystallite sizes and specific surface areas of NiSb—Ti pigments synthesized without and with

different contents of NaF at 800 °C for 2h

2. -1

NiSb-Ti pigments dyo/um dso/um dgo/um Average crystallite size/nm Specific surface area/(m™-g )
Without NaF 1.286 5.288 19.59 46.842.3 8.52
With 0.5% NaF 2.043 6.282 21.88 55.7+4.7 7.98
With 1.0% NaF 2.485 8.504 41.05 87.6+7.6 6.55
With 3.0% NaF 1.915 11.560 49.99 112.1£8.6 4.67
With 5.0% NaF 3.027 20.840 54.53 3.48
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Table 2 Specific surface area of samples

Sample Specific surface area/(m*-g ')
NiSb—RTi pigment 6.55
Silica aerogel 230.00

NiSb—RTi/silica
56.56
aerogel hybrid
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Fig. 3 SEM images of precursor, NiSb—Ti pigments synthesized without and with different contents of NaF at 800 “C for 2 h
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Fig. 4 Diffuse reflectance spectra and solar reflectance spectra of NiSb—RTi pigment
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Fig. 5 X-ray diffraction patterns of silica aerogel, NiSb—RTi
pigment and NiSb—RTi/silica aerogel hybrid
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(a) SEM images of NiSb—RTi pigment (b) SEM images of silica acrogel

(c) Silica aerogel SEM images of NiSb—RTi/silica aerogel hybrid (d) SEM images of NiSb—RTi/silica aerogel hybrid

(e) EDS spectra of NiSb—RTi/silica in Fig. 9(d)

Bl6 mESBHR. BREE BRI G 20A TUERER s/ SR I & (o kHT) SEM | A 2 NiSb-RTi/silica aerogel 524 k) EDS JLE IS
Fig. 6 SEM images and EDS elemental mapping profiles of silica aerogel, NiSb—RTi pigment and NiSb—RTi/silica aerogel hybrid
NiSb—RTi/silica aerogel hybrid, O, Si, Ti

7 ERTRR. SRR ORISR RRRRE TR B 8 REUREROR G R R AR R R S A (R B
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Fig. 7 FTIR spectra of silica aerogel, NiSb-RTi pigment and Fig. 8 Transmittance spectra of silica aerogel and NiSb—RTi/
NiSb—RTi/silica aerogel hybrid silica aerogel hybrid
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(b) Solar reflectance spectra of NiSb—RTi pigment and
NiSb—RTi/silica aerogel hybrid
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Fig. 9 Diffuse reflectance spectra and solar reflectance spectra of NiSb—RTi pigment and NiSb—RTi/silica aerogel hybrid
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Table 3 Average L*, a*, b* values of silica aerogel,
NiSb—-RTi pigment, NiSb—RTi/silica aerogel
hybrid and aluminum plates with different

coatings
Sample L* a* b*
Silica aerogel 77.22 -1.26  -6.20
NiSb-RTi pigment 89.77 -6.01 54.24
NiSb—RTi/silica aerogel hybrid 93.64 -7.04 4142
NiSb—RTi pigment (coating) 86.73 -3.13  55.76

NiSb—RTi/silica aerogel hybrid (coating) 92.80  -6.50  42.65

(a) Diffuse reflectance spectra of aluminum plates without

and with different coatings
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A(s)~ SARIITE A(g) ML AR ST A(r) 3 By sRAL R
NiSb-RTi/Silica aerogel & & kA FUS TR
A H RGN,

(b) Solar reflectance spectra of aluminum plates without

and with different coatings
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Fig. 10 Diffuse reflectance spectra and solar reflectance spectra of aluminum plates without and with different coatings

(a) Surface temperature of aluminum plates uncoated and coated

with different coatings by infrared thermal camera

(b) Surface temperature of aluminum plates uncoated and coated

with different coatings by thermocouple thermometer
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Fig. 11

infrared lamp irradiation

Surface temperature of aluminum plates uncoated and coated with different coatings as a function of exposed duration under
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Fig. 12 Schematic diagram of heat transfer for NiSb—RTi/
silica aerogel hybrid
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Table 4 Thermal conductivities of samples

Sample Thermal conductivity/(W-m™-K™")
Silica aerogel 0.03181
NiSb-RTi pigment 0.107 00
NiSb—RTi/silica acrogel hybrid 0.068 54
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