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Goal: Develop stable sealing materials
for SOFCs

ZnO-modified alkaline earth invert silicates
Mixed CaO, SrO, ZnO (45-55 mole%)
BaO-free
[0)/[Si]>3.3, Si0,<45 mole% Cro
Minor oxides include Al,O5, B,O;, TiO,

Property design targets:

Delta TCHERD —

Seal/crystallized <900°C

CTE-match to SOFC components
Thermomechanically stable at >750°C
Thermochemically stable in oxidizing
and reducing conditions

We use DTA to characterize
crystallization kinetics

Glass 27 (~10 pm particle size),
isothermal holds at 800°C
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Longer heat treatments leave less residual glass to crystallize on reheating

Seal performance is being evaluated
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* Glass tapes, 200 pm thick (PVB binder,
10 um glass particles)

« Binder burn-out at 450°C (air)

+ Sealed at 850-900°C (1-2 hours)

« Thermal cycle from 800°C
+ Hold 24 hours (forming gas or air)
+ -2°C/min to room temperature
+ Test for He-leak (2 hour pressure

hold)

9% Linear Change

Glass properties depend on composition

Glasses

Thermal properties are
dependent on the ZnO and
alkaline earth oxide contents.

Zn0/(Sr0+Ca0)=0.00
Zn0/(5r0+Ca0)=0.35
Zn0/(Sr0+Ca0)=1.00

Glass-Ceramics

9% Linear Chang

Temperature (°C)

Crystallization kinetics are enhanced for
finer particle sizes

Glass 27/800°C isothermal holds

45-53 um
=

J—
90-106 um

Finer particles are used in tapes and
screen-printing; rapid crystallization
may effect seal quality
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Summary of thermal cycling experiments

Number

Sealing materials Test Conditions s Notes

4303SIGS0UMRIYSZ.

B00°C, 24 hours, air Failed; glass prepared at UMR

430SS/G50MOSci 1YSZ

800°C C, 24 hours,air Failed; lass prepared by Commercial vendor

4303SIGS0UMR/Nickel-YSZ

B00°C, 24 hours, air Broke during test; lass prepared at UMR

430SS/G50MOSci/Nickel-YSZ | 800°C, 24 hours, air

till on test;glas prepared by Commercial vendor

4308S/G50MoSci-Ag/Nickel-YSZ 800°C, 24 hours, air

till on test; glass prepared by Commercial vendor

430SSIGS0UMR/YSZ.

800°C, 24 hours, wet forming gas| Still on test;glas prepared at UMR

430SS/G50UMR/Nickel-YSZ

800°C, 24 hours, wet forming gas| till on test;glass prepared at UMR

430SS/G50MOSci/Nickel-YSZ | 800°C, 24 hours, wet forming gas|

till on test;glass prepared by Commercial vendor

Certain glasses have good thermal stability
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We study the crystal phase distributions
using Rietveld refinement
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DTA provides quantitative
crystallization information

JMA (Avrami) xtallization kinetics:

x= 1- exp[-(kt)"], k= k, exp[-E/RT]
X is 'fraction xtallized', from DTA
peak areas, (x = Ay/A)

E=460.216.2 kJ/mole,
n~1: surface
xtallization
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1. Effects of particle size;
, 2. Additions of second phases

Current Research Efforts

+ Hermetic tests at temperature
- Inconel test manifold under construction;
+ Scale-up studies of promising compositions
- kilogram melts;
- ‘commercial’ tape casting/ screen printing;
- 100 mm x 100 mm cells
+ Interfacial reactions under SOFC conditions;
- With ferritic steels and Ni/YSZ anodes
+ Glass property optimization
- Viscosity characteristics

We have used this analysis to study:

® g .
* The crystal phases in Glass27 after a

six week isothermal hold at 800°C are:
+ CaSrAl,Si,0, (7.2 mole%)
- Ca,ZnSi,0, (92.8 mole%)

Crystallization kinetics are changed by
either particle sizes or ‘filler'

Glass sample E (kJ/mole) Ko(s) n

0.810.31
1.380.56
1.45+0.17
0.99+0.17

3.8x108
3.7x10%°
1.6 X102
3.1x10%

460.2£6.2

519.7+10.7
553.9£3.9

599.0+20.7

~10pm
45-53um
90-106pum

45-53um with
10 vol % Ni

45-53um with 597.4+46.0 1.0x10% 0.740.14

10 vol % YSZ

Surface crystallization is the dominant mechanism.
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