cate SOFC Glass Sealants

Ga,0, SIO, Glasses Viscous Sealant Benefits |
2_§_2— * Viscous sealants allow flexibility in SOFC stack design _G eOg_S | Og—G Iasses

 Fracur s avoided at SOFC operating temperaures
) : . ' . . roviding reliable electricity generation

lons with no alkali (GA1) and with 5 mole % alkali (GA2). The glasses have been P J 9
compositionally designed to form seals below 900 °C.

Germanosilicate glasses exhibit very low glass transition temperatures and
controlled crystallization behavior. The glasses incorporate Sr and B ions with 10
ObjeCtiveS mole % alkali (GE1) and with no alkali (GE2). The glasses form seals below 900

Target Properties

°C, where some form seals near 650 °C.
Alkali B,O, Tg CTE (ppm/K) Teeal . _
(mol %) | (mol %) (°C) (100-400 °C) (°C) « Glass transition temperatures below 600 °C » Develop new glass_ compositions meeting Alkali B,0O; Tg CTE (ppm/K) | Teea
GA1 0 5-10 660 - 710 7-10 ~ 850  Sealing belov.v.900 °C | DOE target propert_les . (mol %) | (mol %) (°C) (100-400 °C) | (°C)
» Thermal stability for 40,000 hrs at operating » Assess flow behavior of glass powders and frits GE1 10 10 540 - 590 75-10 ~ 650
GA2 5 5-10 610 - 630 8-10 =750 temperatures between 650 and 850 °C in O : : : '
p 2  Study Iinterfacial reactions with SOFC stack
and H. environments . .y ege GEZ2 0 10 670 7.7 = 750
12 - 2 components to monitor compatibility

 Low electrical conductivity
11

10 +

e Understand crystallization behavior within

Viscosity of the GAL glasses SOFC OT range for long times (1500 hrs) C I y Stal I IZallon & ReaCt|V|ty
IS more fragile and remain

&— GAlglasses

g Z 7 rigid at the low end of the OT
5 range. Viscosity behavior i & :
s A3 §lasses 15 more optima Compositional Modification
S 6 where these glasses flow . . -
2 5| GA2 glasses >~ within the entire OT range. » Two main silicate systems are pursued: gallio-silicates & germano-silicates
- 4 9 s * Modifications have been toward low or non-alkali compositions
3 ‘ ‘ ‘
650 700 750 800 850  GE1 glasses retain a very large remnant glass phase even after 1500h at 850
Temperature (°C) °C. The glasses survive 8YSZ/441SS test seals without fracture after cooling to

room temperature.

Cj/Stal I |Zat| On Wlth | n OT Rangg GAl GAZ G E 1 G E2 * The glasses dissolve the protective alumina coatings on 441SS shown in the

microprobe maps below. A SrGeCrO, phase develops at the interface.

Crystallization of frit samples was tested throughout the OT range for 500

hours in air. The particle sizes are ~200 — 40 ym which allow flexibility of G Iasses G Iasses G Iasses G |asses

application techniques between stack components.

GA1 750 °C .0 _ ! Possible Operating Temperatures (approximate) 750 650 / 850 650/ 750 / 850 750
glass i Viscosity within SOFC OT range (Pa.s) rigid - 10° 1010 - 104 108 - 103 rigid - 104
frit Stability in reducing atmospheres Stable Stable Unstable Stable S eme
S TR T, S Reactivity with SOFC stack components Low Acceptable Reactive Low
» Surface nucleation for crystal growth is noted at 750 °C, where the frit

particles remain amorphous. The GA1 glasses do not crystallize at 650 °C.
Crystallization is extensive at 850 °C with little remaining remnant glass.

650 °C 500 750 °C 100 850 °C ' 300 um, 0.7 . "
m o 8507C _sonum GA2 glass Conclusions

GA?Z2 0.6 | = GA2 frit - 850C 500h —_—

gI ass 05 |+ GA2fit- 750C 500h - Galliosilicate based glasses can allow viscous sealing of SOFC stack components.

frit ' AL-441SS They exhibit low interaction with stack components, are stable in hydrogen

rl ) = . . ", . .

E 0.4 environments, and have advantageous viscosities for IT fuel cells. . GE1 glasses form Ge colloids in a dry H, atmosphere shown in the
= .

o . _ g 03 » GAl glasses appear to be excellent candidates for viscous sealants near 750 °C. Emgég rﬂgisrr:j%peg?]g?c:rer:' Ge colloids under the same conditions
 Crystallization aLsso ' typically leaves ~600/2 remnant gl_a > ._%L 0.2 - Glass frits offer controlled nucleation and crystallization behavior. These glasses Com ogitional adiustments mav enable useful aermanosilicate Ia.sses
GA2 glasses remain entirely amorphous at 650 °C. Crystallization o do not exhibit detrimental reactions with stack components at 750 °C. D adl y J J
occurs at 750 °C, yet remnant glass is present. > 01 - for SOFC sealing.

» Dilatometer measurements to the right show corresponding 0o L « GA2 glasses should function as viscous seals at 650 or 850 °C due to
expansion values where the crystallization at 750 °C causes low - 00 200 500 800 crystallization behavior of the frits. Viscosity of these glasses is ideal within the
CTE of the glass-ceramic. . o OT range, while some glass transition temperatures are below 600 °C after I: utu re WO rk
] ] emperature (*C) crystallization. Reactivity of GA2 glasses does not appear detrimental up to == oD ) o W e S e
Interactions with GA2 Glasses & Stack Components 1500h in air. | - |
Frits of GA2 glasses were placed on 8YSZ substrates or in test seals between 8YSZ and 441SS. e Germanosilicate g|asses have ideal viscosities within the OT range and excellent : EXtenSIVG teStIng In Wet HZ enVIronmentS needs to
:j.f'lf'he. glasls phase pengtratets ~|1Oth inr;co thg YtShZ frqm the (t))riginal ingerlface. Chemistry of the compared to galliosilicate glasses. Stability improved with modification toward GE2 behavior.
iffusing glass species is not selective shown in the microprobe maps below. glasses. : :
« The glass does not penetrate further even after 1500h at 850 °Cas shown to the right. * Actual V|SCOS|ty measurements should be made
AN | —_— - with glasg, and glass-ceramlc samples. |
5 B T 12 " orogmen | © Some GAZglasses retain an | oF * Interactions with (MnCo);0, coated stainless
o, ~-ozgass | AmOrphous interface with steels should be investigated.
= | aluminized steel where the
£ protective coating remains
z | even after 500h at 850 °C
Q 6 .| shown in the Al map to the
S g right. . ,
Y ions react with or T 4 ,,/]l ~~~~~~~~~ L « Some GA2 glasses CrMap Lur|Fe Map Lo Alfred University
diffuse into the £ a T T crystallize KSrSiO, crystals .
| dil e N along the interface shown in Kazuo Inamori School of
giass more readily .
07 the upper maps. These do not

than Zr ions.

cause fractures in the glass. Engineering

Heat Treatment Time (hrs)
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