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Obiecti Promising compositions were identified Volatility
jec Ives Furnace
N o . » Preferred Compositions Exhibit Promising Sealing Behavior rd Fused Siica Tube
> Develop glass compositions that exhibit stable thermomechanical/ S T oming
thermochemical properties, including viscosity, for use as seals for SOFCs Glass 2 | Glass 4 Glass 28 Glass73 | Glass75 | Glass77 | Glass 102 Gas
i i ? . . ’ . . ’ Glass system BaO-B,03-Si0, |BaO-RO-Al,03-B,0; BaO-RO-Al,03-B,05-Si0, To &—— Forming Gas: 5% H, and 95% N,
Why conSIder a VIscous glass Seal for an SOFC' Requ'te Thermal and Phy5|ca| PrOpert|es T, (°C) measured from CTE curve| 619 599 581 624 623 625 604 mhast \ with a flow rate of 10 mL/s
a) Long-term stability in viscosity (650-850°C) Dilatometric T (°C) 650 § 632 § 615 § 640 ; 650 _ 656 § 639 _ Platinum Boat (sample)
] . b) T ‘< 6500(:: thermal Stress W|” be relieved C.TE.40-500:C (/°C) 8.19x10 | 7.32x10 7.48x10 8.48x10 8.17x10 9.25x10 7.25x10. .
g Liquidus T (°C) 805 790 795 800 810 810 Non-Crystallizing
> Potentl.al for lower thermal stresses through viscous O) T....: < 650°C: requisite flow for re-sealing behavior . . T T
relaxation at operational temperatures d) T,;q: < 800°C (as low as possible): stable, a small volume fraction Stable Viscosity
at 70°C
 Less critical that seal has CTE match to dissimilar of crystals > Viscosity measurements provide valuable performance information - Volatility of G
] | e) CTE(RT‘SUng): 10‘12.5X10_6/OC (YSZ' 55441) — Volatility of Glass 73 olatility o asSSes
materials 16 * High temperature measurements € gfgggﬁj 2.0410° i (Flowing Wet Forming Gasjm wsm = # 750°C g 0.00011 1 g ————
» Conduct hermetic sealing tests 14 (1_104 Pa-s) by the rotating spind|e %‘3 0.00011:: N ‘—‘__:::“;““'75000 5232222: -‘f‘__- a0t gy 01358 73 750°C, A
» Potential for ‘re-sealing’ at operational temperatures SOFC Materials supplied by PNNL 12 | technique § oo o pm AT OISRV G
througeh viscous flow a) Aluminized 55441 $10 A Glass73 * Low temperature measurements £ o000 {a & £ 000006 | [ o ek
. . = —— Calculate 2 0.00006 Ju — *=" 0.00005 | Ak . -
5 b) NiO-YSZ supported YSZ electrolyte bilayers Ze R ZI;S'?; :oom (105-10! Pa-s) by the parallel plate ch. isgjreedr;nezsd;zﬁg&#“““mGSOOC < o v - - - Flowing Wet Forming Gas
6 - —Calculated teChniq ue % ggggg:: Am 1.4x10° g/mm?/hr (Flowing Wet Forming Gas) % Zzzzzz: AW o e :;.ixl.(‘)‘.g/.n}m /m" ..C:Ia;:;.O??S.(.).:C,.Air
» Characterize thermochemical reactions 4 * Viscosity-temperature curves fit 2 g;ggggj;ifxl . 2 ooomor {4 4" [romtsmanpecesoromss
a) Volatilization of glass components 2 1 using the MYEGA viscosity model G ooooee pefore measurement O O A e o T lass 102, 650 . i
b) Interfacial reactions with SOFC components O 7(')0T | 8(')9 ('c) o e 1| (JCMauro, PNAS, 2009) Time (Hour) Time (Hour)
emperature °
Hermetic Sealing Tests : . : : .- .
& Re-Sealing Tests (ex-situ) Re-Sealing Tests-cont. (ex-situ) Long-Term Reactivity Characterization
Glass 73 Sealing Test
.5 PSI Dry Air on Metal Side . o
“arSweep on NiO/Ys2 i » Glass 73-Coupon: Thermally cracked and healed Glass 73 reaction couple: 103 Thermal cycles (750°C to RT)
i | > 3,500 hours in wet forming gas
= » Glass 73 seal has sur.V|ved 1_00 thermal Seal originally found Glass seal deliberately cracked by  Crack healed after re-heating Excellent wetti d bondi t’ both aluminized metal and YgS§
cycles (750°C to RT) in dry air at a to be hermetic high cooling rate quench (>25°C/s) to 725°C for 2 hrs 300 ) Healed 37 xcellgnt wetting and bonding to both aluminized metal an
g . differential pressure of 0.5 psi (26 torr) 0
3 0\{er the course ,Of > 3,300 hours Wlthout 750 2 Ul 51
failure and terminated for analysis
725 2 Healed 5.9
700 2 Healed once, but not 6.9

a second time

Glass 73 Sealing Test
0.5 PSI Wet Forming Gas on Metal Side

Wet Forming Gas Sweep on NiO/YSZ Side

103 Cycles
3555 Hours

> Glass 73 seal has survived 103 thermal |
cycles (750°C to RT) under wet g

Fitting T,(°C) Isokom T(°C), log (n) (Pa-s)
Parameters

s st | T s R R N - 4
forming gas at a differential pressure | 2l
of 0.5 psi (26 tor'r) over the course of e Glass 73 ca1 £06 624 SN I e e , \ ) Ll
: 3,200 Podu;s Wlth?uF failure and Foaming in soapy water No foaming in soapy water as-cast . IR - ﬁ SRR -
erminated for analysis 0 t » No major Cr or Fe migration to glass seal » No major elemental migration to glass seal
S ] ] » Some Al migration to the interface of glass seal or to ceramic substrate
o Possible Healing as low as 700-725°C
Glass Optimization Glass Optimization-cont. Glass Optimization-cont. On-going & Planned Work
» No crystallization in Glass 102 after heat treatment at 800°C in air Glass 102 coupon seal heat treated 2280 hr at 800°C in air > Determine electrical stability of viscous seals
Glass 73 Glass 102 e » Excellent wetting and bonding to both aluminized metal and YSZ
——G102 650C 2184hr air 10 G102 > Glass is homogeneous
3000 |- —— G102 750C 2184hr air 9.5 > No CrYStaIS in gIaSS > StUdy |Ong-term V|SCOUS bEhaVIOI’
o | G102 85oc 21841 ar & 2 G102 HT 2000hr > No significant elements from metal or ceramics diffusing into glass
G73 —msocaoonanar &S5 | > BaAl,Si,O, layer at glass/metal interface . . .
g 2000 ;:7;‘ i —Si—A—0—8—zx—Y—N » Characterize long-term thermochemical reactions
275
£ 1500 | E 7
— Al —Si a e r « . . .
, oo w65 - L T T > Hermeticity and ‘re-sealing’ behavior
800C 800C o, 6 -
1000hr 1248hr : : 500 ¢ B R 55 -
. X ; 5 » Lox o ‘ I ‘ ‘ I ‘ 5
oo w0 @@ e 630 650 670 690 710 Acknowledgements
theta (desree) Temperature (C)
» SECA
» XRD confirms no crystallization in Glass 102 » Stable viscosity of Glass 102 after
after >2000 hr heat treatment at operational 2000 hr heat treatment at 800°C > DOE SBIR Phase |l Contract # DE-SC0002491

temperatures

» DOE Project Officer: Dr. Joseph Stoffa, NETL

mode | curr HV
SE [1.4nA[15.00kV |66 m

» Dr. Yeong-Shyung Matt Chou/Dr. Jeff Stevenson, PNNL

WWW.MO-SCl.com



