Solid-state synthesis of NIR-reflective black pigment: Effect of raw
material on pigment’s property
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It has been reported that energy utilization in the buildings accounts for a substantial
portion of total energy consumption. As high as 60% of solar radiation can be absorbed
and transferred into the building via roof and ceiling, resulting in accumulated heat
during a daytime. A novel approach of using solar-reflective coating has been adopted
to reflect solar radiation, particularly in the near-infrared (NIR) region to reduce heat
buildup at building surfaces. Thus, exterior surface temperature can be reduced and the
heat to be transferred into the building can be reduced. It has been reported that by
replacing the traditional pigment in with the NIR-reflective pigment, total solar
reflectance of the formulated paint increased from 5% to 30%. It is well realized that
bright pigments exhibit high NIR reflectance. However, for some applications such as
roof coating, they are not satisfied by the consumer because white roofing can be easily
stained by dirt and pollutants. Therefore, non-white roofing products with dark color
shade are more preferable for aesthetic reason. This article describes the development
of high NIR-reflective black pigments based on a Fe20s-Cr.O3 composition doped with
TiO> synthesized by solid-state reaction at 1100°C. Reagent and industrial-graded raw
materials were used to investigate their effects on properties of the synthesized
pigments. The study revealed that, by using reagent-grade raw material, black pigments
with NIR reflectance in a range of 31.8-33.6% were obtained. On the other hand, the
NIR reflectance as high as 52.5% was obtained from the pigment synthesized from the
industrial-graded raw material. The increased reflectance was ascribed to the presence
of (Cro.gsTio22)203 phase in addition to Cri3Feo7O3 which is the major phase. The
impurities such as quartz (SiO2) and Kaolinite (Al.Si2Os(OH)4) was found to be related
to the formation of the (CrogsTio.22)203. An artificial intelligent has been employed to
find correlation between the NIR reflectance and chemical composition of raw
materials obtained from different sources.



