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Sealing glass-ceramics for planar solid oxide fuel cell (SOFC) in a MO-B,0,-Si0, system
(M = Mg, Ca and Ba) with the composition range of 38.12-85.29wt% MO, 13.15-63.33wt% B,0,
and 0-40.26wt% SiO,, and in a CaO-ALO,P,0; system with the composition range of
23.92-26.33wt% CaO, 5.70-10.68wt% Al,0, and 67.17-67.97wt% P,0;, have been developed.
The glasses were melted at 1000-1450 °C. It was found that coefficient of thermal expansion
(CTE) of the glasses were in the range of 67.7-113.0 x 107 °c’, glass transition temperature (T,)
of 560.5-680.5°C, and dilatometric softening point (T,) of 582.7-726.4°C. Crystallization of the
glasses with CTE close to that of stainless steel and YSZ was also studied by SEM-EDS and
XRD techniques. Magnesium aluminate (MgO-ALO,) and unknown étoichiometry magnesium
alumiﬁoborosilicate (MgvAlexSiyOZ) crystals were found in MgO-B,0,-Si0, glass, whereas
calcium  phosphate (3CaO-P,0,), aluminium phosphate (Al,0,P,0) and calcium
aluminophosphate (9Ca0O-AL O, P,0,) crystals were found in CaO-ALO,-P,0; glass and barium
zirconate (BaO-Zr0,), barium aluminosilicate (BaO-AL,0,28i0,) and unknown stoichiometry

barium aluminoborosilicate (Ba Al B Si,0,) crystals were found in BaO-B,0,-Si0, glass.

The glass, coded as BaBS2, was the most suitable sealant for SOFC due to its optimum
thermal expansion coefficient. Its structures and thermal properties were consequently studied by
NMR and DSC. The results revealed that the #Si structure in the barium-borosilicate glasses was
the Q3 structure and tended to increase in ionic bonding as the barium content increased. The
crystallization temperature (T,) of BaBS2 glass was in the range of 538-622°C. The effects of
nucleation and pulverization on crystallization of BaBS2 glass were also studied. It was found
that the crystals obtained were similar in types, but different in their size and quantity. Moreover,
sealing of the BaBS2 glass to stainless steel plate and YSZ plate was studied. The results showed
that good sealing can be obtained by joining at 800 °C for 30 minutes in an electrical furnace
under air atmosphere. The stainless steel plate needed to be preoxidised at 900 °C for 30 minutes
prior to sealing. The shear strength of the seals was approximately 2.6 MPa. The glass could
prevent gas leakage at a pressure of 0.5 bar for approximately 33 hours in air at 800 °C. After the
gas leakage test, the barium-borosilicate crystals were devitrified and observed as opaque, white

color. The gas leakage occurred through the oxide layer thickening due to further oxidation of the

stainless steel.





