Integrated Composite Seal

| Concept Y
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- Potential Advantages .

CGFCC

# = Gradual transition of CTE and elastic
properties
« Higher resistance to thermal mechanical failure

= Corrosion resistance interfacial reaction
layers (chromia or alumina)

« Better bonding strength
= Long-term oxidation resistance
« Low electrical conductivity

=« Near hemmetic seal {with the help of glass)

= Larger design space (substrate + bond coat
+ top coat + glass)

» Integrated design & low cost fabrication



Objectives 'Y

CGFCC

# « The vision for this two-phase effort is to create a
Lnigue high-temperature composite solid oxide fuel
cell (SOFC) seal and the associated design
methodologies to support the SECA Industrial Teams
in their efforts to design, manufacture, and market
reliable SOFC power generation svstems. To that
end, the objectives of the program are to prove a
conceived composite structure and to demonstrate a

design methodology.

« Phase [ objective: to demonstrate the viability of the
composite seal concept using small scale coupon and

single cell experiments



L\ Materials Selection x

Interconnect coupon and SOFC single cell from
commercial sources 0 —

= Allegheny Ludium AL4353, Crofer 22 AP
» [NDEC/ECH cell
m Ceramic coating material and structures

» Bond coat (MCralYy, or lower cost
substitutes)

» Top coat layer 1 (AI203-7ovol % Zrioz2- &
20val %) base layer

= Top coat layer 2 (Al203-2r02 + 30vol%

21k

Wneraly [peenpy)

glass) 1%
»  Glass composition and proper ties | T |
= Detailing glass property reguirements: e

CTE, softening point, strain point,
wetability, chemical stability, etc,

» Coordinates with other CTP efforts on glass
formulation: U, Missouri Rolla, L,
Cincinnati, and Sandia Mational Lab,



Ceramic Coating Produced via
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Glass Infiltration and Curing
oy StUdiES Y

- CGFCC
o » Natural wicking or vacuum/pressure
assisted infiltration
= Porosity before and after glass infiltration

= Interface and remaining pore morphology

m Curing schedule
= Maximum processing temperature

=« Temperature profile, heating and cooling
rate

= Pressure profile



Material Screening Test using
Coated Button Samples

« Evaluate wetting
behavior of selected
glass and ceramic
COMpositicns

= Basic thermal cycle
resistance & high temp
aging test to evaluate
thermo-mechanical
robustness of coating

» Electrical resistance test  coated button samiple falled as a
of coating/glass/coating  Result of thermal cycling
structure using DT or
AC method

®

CGFCC




CGFCC

@Optical Microscopy

Matal

Crack farm in the glass layer

Picture af glass)ceramic inkerface
shiows good wekking behavior



®

Scanning Electron Microscopy 3

CGFCC
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Sealing Performance: Leak Rate
» 12sting

- Dbjectiue: measure fuel [eak
rate (sccm) per bond line length

(cm ) per pressure difference ;-:“*"iﬁ:. —“5‘—]—‘

(psig) .
« Reference: ASTM F 37-00 with o 341 ] l“"i

controlled temperature and gas A L] ]

ervironment (air + wet fuel) _ a | + :=
» Effect of aging and thermal T:’ =1—:{—T( | |§

cycle on seal performance: wel| ] || | |3 |

» Leak rates v.s. # of thermal -===%_'_,,§ £ |

CYCIES ?.-;:I_:u;ﬂ. l |y
= Leak rates v.s. hrsof aging ™™ e

fime






. Cirect leak flow rate

measirement

« Measure flow rate of gas
supply into sealed chamber

s Allow continuous
monitaring of leak rate
s Pressure |leak-down fest

« Sealed chamber initially
pressurized, pressure decay
recorded

» Effective in ulra-low lealk
rate regime

B i FMrzar
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L Leak Rate Testing Method

CGFCC
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| Baseline Mechanical Pr-::n[:aerties1

CGFCC

' ’ « Baseline mechanical data for constituent
materials in the composite structure

o Moduius, Poisson s ratio, thermal expansion,

bulk strength, Weibull modulus, yield point,
toughness, etc., as functions of temperature

= Source: literature data, vendor data sheet,
and limited in-house testing

» Mechanical testing facility in HTML @ ORNL
(Edgar Lara Curzio) available




Interfacial Mechanical Strength
y o & Toughness Y

CGFCC

“m Crack initiation resistance: strength
= Pull-out test @ RT and high temperature

s Crack propagation resistance: toughness

=« ThreefFour point bend test on a composite
beam @ RT and high temperature

= Yicker's
indentation =
test (RT only)

ke An, PhD Dissertation, ESM Dept, Ya Tech 2002




Mixed-mode Interfacial Toughness
[ng Composite Beam Samples »
o,

CGFCC




Temperature Programmed

_ CGFCC’
Stimulus, cooling rate _ ; ?F .
and AT H:3+ B =, ; Q

= Capturing critical T =
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Numerical Modeling of Stress/Strain
States in the Bonded Seal

CGFCC

Finite element based
stress/strain model

= Mechanical failure =0 = il hins
criterion (stress controlled . :

or energy release rate
controlled processes?)

MNormal streas

= Yalidate he predictive q B
power of models: S — VTTTT
= Canwe correlate single cell Slaear stress
failure using small coupon Possible local loading conditions
test results?

» Parametric analysis



Towards Engineering of a Robust
Composite Seal for SOFC

Fabrication ' tructLre

CGFCC



