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Objectives Schematic Showing Oxide Formation on Coated Deposition of oxide coatings by sputtering Consumptive Coating
and Uncoated Cr-based Alloys

Develop coatings for metallic interconnects
Schematic of Oxidation Progression on La,0, Coated Alloy

Outline a methodology for selecting interconnect materials If Cr transport s faster, Cr,0, layer can Substrate is 5 mil Haynes 230
Cr transport through the coating form over, instead of under, the Ni, Cr superalioy Assumption: Oxygen transports through La,0, and LaCrO,

Alloys and coatings No coating is slower than O transport. protective coating '
Develop oxidation kinetics models for coatings Oxypen 56% Ni, 26% Cr, 0.75% Mn, 5.3% Co, 4.8% W, Fe, Mo,
Deposit coatings on metallic interconnects E’z;fg:;b‘e Oxide Layer Formation: Cr,0,, (Mn, Cr);0, spinel
Electron beam vaporization N\
crzo3

Sputtering Oxide layers deposited by sputtering
Solution techniques RF, 200 W, Argon Lacro, Lac,o3 cr,0,

Evaluate Coatings e A . L8y g5570.15MN05 5 Perovskite Phase Later ol 0, s Uncozted alloy
Phase assemblage & E;TE;MG Mn,Cro, Spinel Phase Ry

Electrical conductivity Thickness of 1.3 um
La coated Haynes 230

Lxigeon kinge , h The coating should be such that ASR(coating) < ASR(Cr,0,)
jlest InteggennecEpnRIa RSO GlSE) Required propertis of the coating: (1) Should ot readly transport oxygen. Deposited by E-beam
(2) Shouid be 2 good elecronic conductor.

Sputtered LSM coating on Haynes 230 Oxidized 7 days at 800 °C in air
Oxidized for 14 days at 800 °C in air

Possible coatings: (1) Perovskites (ABO,). (2) Spinels (ABO,).

Two Coating Approaches

Protective Coating Oxidation Model Epowy Mount Epowy Mout

Desired oxide coating deposited directly on interconnect LSM coating
Decrease oxidation rate Oxide formation — —_ LSMcoating

Increase electronic conductivity Prinerily .0, & i’ 4~ Ovidefornation

Suppress chromium evaporation hickneseot oxidelayx (G120, formeda time't g;w" N0 Haynes 230 Haynes 230 Prinerily Cr,0,
[coating cr.0 X, =Thickneswof depositedcoating and (Mn,Cr),0,
Air Ghemicaifsioncofietof Oin thakposiedcsaing Sl
P y Soncentraionof Oin thedeposited L SV coating Backscatter Hlectron Image. ‘Secondary Beectron Image:
Consumptive Coating o= Chaicadifuson odficentaf O i theoxiefrmed (1.0,
Conomtronal G n thooie om0,

Coating reacts with naturally occurring oxide (Cr,0,) e e R
Resulting phase exhibits better electronic conductivity \dvogado'snumber

ctivityot C a thsloy-chromitantertace Sputtered LSM coating on Haynes 230

Resulting phase suppresses oxidation kinetics. N 36 oo,
Resulting phase suppresses volatilization of chromium - Oxidized for 14 days at 800 °C in air

Area Specific Resistance (Qcm’)

Elemental Analysis with Energy Dispersive Spectroscopy (EDS)
Deposition of Coatings imiti : J——

Protective Coatings o LSM Coating [ Formed Oxide Layer
Directly deposit desired coating d

X — &
Perovskites: Sr doped LaMnO,, Sr doped LaCoO,, Sr doped LaCrO, RT 2 o ‘_- \;:".;»Quu,nnm
Flat N X

Spinels: Mn,_,Cr, 0, (0 < x < 1) \4\ 0,07 ohm

-

Oxidation kinetics are linear, similar to interface-controlled e
75 0hm A

Consumptive Coatings Oxidation rate determined by oxide ion diffusivity in coating
Metals deposited
Mn, Co, Cr, In, Fe, Zn  Spinel Formers e .
La Perovskite Former Limiting Case (I1):
Co-deposition =
Mn and Co (Mn, Co),0, 3/,D.Cq, {
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Deposition techniques
Electron Beam Vapor Deposition Oxidation kinetics are parabolic, similar to diffusion-controlled Summary

ghray cogiiig SR rateliictateCiRyCIIEEIVIL T foreloid il aver Thickness of X, + X4 on LSM and Mn,CrO, coated Developed oxidation models for both protective and consumptive coatings

Dip coating T 5 -
Spin coating Haynes 230 oxidized ini air @ 800 °C Two limiting cases of oxidation:
1) linear (coating limited)

Electroplating
Tllustrative Calculation of Coating Effectiveness 2) parabolic (diffusion limited by oxide formation on alloy)
Deposited protective coatings on metallic interconnects
Two-Probe Resistance Measurement ) A i Das el
Fy Oxidation kinetics exhibits linear behavior and is dictated by oxide ion
diffusivity in the protective coating
Consumptive coatings produced by depositing metals including Mn, Co, and La
Consumptive coatings promote the formation of Spinel and Perovskite phases
that exhibit higher electronic conductivity than the native oxide
The area specific resistance of oxidized Ni-Cr alloys was reduced by over an
order of magnitude with coatings
P The reduced ASR of the interconnects resulted in a doubling of the power
g 2 density of the planar SOFC stacks

La, Sr, Mn LSM Perovskite
4N

Distance (microns)

/——ﬁ

Coating Ineffective

X +X,, Thickness (um)

‘Thickness of oxide layer, X, (um)

’
1000 howrs 800 °C Acknowledgements

B, = 10%cmls in Cr.0,

10°10°10*10710°10°10 410101010 10° 10° 107 10° 10° 10° Time (days) Research Funded by U.S. Department of Energy, NETL
Effective D, in Protective Coating Under SBIR Contract No. DE-AC26-99FT40713
Resistance measurements:

Temperatures: 200 to 800 °C
Atmospheres: Air and Hydrogen, Dry and Wet




