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⚫ Aim of the work and its relationship to the status of the field 

This research is mainly devoted to developing the outer layer of heat-resistant glass 

coatings for the space shuttle. As the space shuttle passes through the atmosphere, it 

will produce a high temperature above 1350 ℃. The glass coating protects the inner 

porous ceramic fiber bricks, which act as thermal insulation to form a thermal 

protection system (TPS). The high-silicon-based borosilicate glass easily forms 

devitrification and thermal cracking at high temperatures. Thus, this study aims to 

utilize alumina added to borosilicate glass to inhibit devitrification and the thermal 

cracking of borosilicate glass at high temperatures. Moreover, Al2O3 has an extremely 

high melting point of ~2072 ℃ which helps to enhance the glass transition temperature 

(Tg) of the Al2O3-B2O3-SiO2 glass system. Lastly, this study aims to utilize the excellent 

adherence of Al2O3-B2O3-SiO2 glass coated on aluminum-silicon fiber bricks. The 

bottom of the base material, which is the aluminum-silicon fiber bricks, is vital to 

achieve stable bonding. 

⚫ A summary of the applicant’s specific contributions and how they 

demonstrate exceptional ability and future promise 

The team has successfully created Al2O3-B2O3-SiO2 glass with increased Tg (above 

900 ℃), which effectively suppressed the high-temperature cristobalite phase produced 

by devitrification. This study has confirmed the feasibility of adding Al2O3 to inhibit 

devitrification and thermal cracking and matched the thermal expansion coefficient 

(BSA 2.7~3.3, mullite = 4.5 (10-6/K)), low thermal conductivity at high temperature 

(0.606 W/mK), suitable for thermal insulation coatings for high-temperature aerospace 

coatings. Moreover, the subsequent addition of cermet can effectively connect the 

substrate to the coating at high temperatures. With that, the coating plays an important 

function as a high-temperature anti-oxidation to protect cermet, thus realizing high 

emissivity thermal protection system. 

 



⚫ A summary of significant results of the work and how they relate to the 

specific research area 

Al2O3 added in B2O3-SiO2 glass plays a vital role to increase the Tg and to inhibit the 

devitrification in the thermal protection system (TPS) in the adhesion between the 

coating and the fiber bricks. it's an antioxidant protective layer at high temperatures to 

prevent excessive cermet oxidation. The formation of Al2O3-B2O3-SiO2 glass on the 

surface allows the repair of cracks and forms repeatable TPS. Thus, Al2O3-B2O3-SiO2 

glass has high potential applied in aerospace applications. 
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Fig1. Alumina-borosilicate glass DSC analysis. 
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