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Introduction 

Phosphate glass has a lower melting point than silicate glass, and has a relatively wide glass 

formation range, can introduce more oxides widely. It is possible to design glass composition 

widely. 

According to recent chemical substance regulation, it is required to reduce or eliminate latently 

toxic chemical substances. Especially, Conventional glass frit for aluminum contains V2O5 and 

to control of V2O5 is important issue for enamel producers. 

In this study, we attempt developing V2O5-free phosphate type glass frit for aluminum with 

utilizing its peculiar property, wide glass formation range and low melting point. 

 

 

Methods 

Required specifications of enamel for aluminum are… 

・Toxic chemicals free 

・Adhere to the aluminum substrate. 

・Working temperature: <580 degrees C. 

・High C.O.E.: around 170×10-7 linear. 

・Acid resistance 

・Alkali resistance 

・Water resistance 

・Good appearance, high gloss and new coloring design. 

 

In order to meet these requirements, we focused on a phosphate glass system. While Phosphate 

glass has lower melting point than typical silicate glass, that is more chemically unstable. It is 

caused by P2O5 glass structure.1)-3) To improve chemical durability, the glass composition was 

examined carefully with following key points: 

・Introduction of the trivalent oxide such as B2O3 and Al2O3 to complement unstable P2O5 



structure. 

・Introduction of TiO2, ZrO2 or relatively stable oxides. 

・Adjustment of the amount/ratio of alkali and alkali earth oxide. 

 

The raw materials were formulated and properly blended to obtain the correct composition. 

The glass batch was smelted at 1100 to 1300 degrees C (2012-2372 F) and quenched to obtain 

2-3mm (0.04-0.05 inches) thick glass frit. The glass frit was then mixed and milled with proper 

additives and water, producing our enamel slip. The enamel slip was sprayed on A1100 

aluminum substrate and fired at 550 degrees C. 

 

 

Results and Discussions 

Table 1 shows the comparison of evaluation of developed phosphate type glass frit with 

conventional silicate type. 

 

Table 1: Comparison of developed phosphate type with silicate type  

  New Phosphate Frit Conventional Silicate 

Adherence 
Good Good 

EN10209 

Acid resistance  
Good Good 

10% citric acid 15min 25℃ 

Alkali resistance Good NG 

Dish washer machine test Decline of gloss: <5% >15% 

Water resistance 
Good Good 

Slip aging test 80℃ 

Gloss  Good Good 

45° >100 >100 

Enamel appearance 
Good NG 

Mica coloring effect 

 

Performances of the new phosphate glass frit matched those of conventional silicate type. 

Moreover, alkali resistance and mica pigment coloring effect are better than conventional 

silicate type glasses. 

Fig. 1 shows the comparison of mica pigment coloring effects of new the phosphate type glass 

frit with conventional silicate type frit. Mica pigments have a tendency to go into the 

conventional silicate enamel matrix while firing, but will not dissolve into the new phosphate 



glass frit. 

The performances of alkali resistance and mica coloring of the phosphate glass frit indicates this 

phosphate glass frit is more stable than conventional silicate type under the aluminum 

enameling condition. 

 

  

         A) New phosphate glass frit.                B) Conventional silicate glass frit. 

Fig. 1: Comparison of mica coloring effect of A) new phosphate glass frit with B) conventional 

silicate type glass. 

 

 

Conclusions 

New V2O5-free phosphate type glass frit for aluminum was developed. Its performance matches 

that of conventional silicate type glass frit. Alkali resistance and mica coloring effect are better 

than conventional. And it suggests the phosphate glass could have enough chemical stability in 

aluminum enameling field. 
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