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Abstract — In this study, the composite coating materials with improved thermal insulation property were prepared by
incorporating the hollow micro-spheres with high heat transfer resistance. The UV curable resin system consisting of
hexa aliphatic urethane acrylate (UP118), trimethylolpropane triacrylate (TMPTA), 1,6-hexanediol diacrylate (HDDA),
and photoinitiator (Irgacure184) was employed as an organic binder. The glass substrates were coated by the prepared
composites via bar coating method and cured under UV radiation. The optical transparency, thermal insulation property,
adhesion, and surface hardness of the glass coated with composites containing different type of micro-spheres were
investigated. The incorporation of micro-spheres with only 20 vol% of content resulted in remarkable improvement in
the thermal insulation property of the coated glass. In addition, the transparent coated glass with light transmittance of
about 80% could be obtained when silica micro-sphere (SP) was used as a thermal barrier.
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Fig. 1. SEM photographs of three different types of inorganic hol-
low micro-spheres: (a) GB-35; (b) GB-30; (c) SP.

Table 1. The basic properties of inorganic hollow micro-spheres used in this study

Sample name Material Average diameter (um) Wall thickness (pm) Density (g/ml) Porosity
GB-35 Glass 35 0.52 0.22 0.91
GB-30 Glass 30 1.29 0.60 0.76

SP Silica 6.14 1.37 0.61 0.17
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Fig. 2. Experimental procedures for the preparation of hollow micro-
spheres incorporated composites.
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Fig. 3. Digital images of the (a) neat acrylate resin and composite sols
containing (a) 20 vol% of GB-35 and (b) 40 vol% of GB-35.
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Fig. 4. Optical micrographs showing micro-structure of hollow micro-
spheres dispersed in the organic matrix; 20 vol% of (a) GB-
35, (b) GB-30 and 40 vol% of (c¢) GB-35, (d) GB-30.
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Fig. 5. Optical micrographs of cross section for the (a) thin (50 pm)
and (b) thick (100 pm) coating layer added with 20 vol%
GB-30.
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Fig. 7. Digital images of the glasses coated with composites contain-
ing 20 vol% of (a) SP, (b) GB-35, (¢c) GB-30 and 40 vol% of
(d) SP, (e) GB-35 and (f) GB-30.
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Fig. 8. Thermal conductivities of coated glasses as a function of con-
tent for different hollow micro-spheres of (a) GB-35, (b) GB-
30, (c) SP.
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