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Develop, optimize & validate an inexpensive manufacturing Hull Cell Experiments to Determine Coating Composition Possibilities Process Scale-up from 25 ¢cm# to 100 cm

process for coating metallic SOFC interconnects with Co and Mn. Enables investigation into the effect of various parameters on deposit properties during a single Challenges encountered during scale up from 25 cm? to 100 cm?
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Introduction «  Temperature

: ] _ Electrolyte composition
Reducing SOFC operating temperatures below 1000 °C has permitted Additives

less resistive and expensive ferritic stainless steel interconnects to §  New
replace ceramic materials. However, even specially developed ferritic — —_— Shim

alloys operated at elevated temperatures for lengthy periods of time —_— N
form a chromia scale that increases the interconnect resistance and
results in chrome diffusion from the interconnect to the cathode that
causes a reduction in cathode performance. One attractive method to
resolve the chromia scale growth and diffusion issues is to
electrodeposit a Mn-Co a_tlloy coating onto th_e Interconnect surface : — 3 [ 7 e
and subsequently convert it to a (Mn,Co),;0, spinel. ‘ RS
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Solution: Reuvisit plating electrolyte with NaC,H,, O,

. * Observed benefits
Under fundlng from the Department of Energy, Faraday T@ChnOIOQy « Boric acid dissolves completely

and WVU are developing, optimizing and validating an LR e, N B AANY. 137 s 15 F * Improved buffer capacity B
.- . . . AN N7 T3:3 [t P et : » Complexing metal ions prevents hydroxide

electrodeposition process to apply high-quality coatings to SOFC \ Xole Y Agatye =g A formation

interconnects in a mass production scenario. The FARADAYICSM A T A\ Electrolyte without NaCgH,,0, was : ﬁ:"ievz“;“jicn‘Oe;;‘r’:e;‘;Cﬁn  dooccived N

Electrodeposition Process can be used to deposit a Mn-Co alloy with a " o | 29% Mn BAERSA 32% Mn RN iﬂegfjlfo[aizf;‘iiL;’;’gt‘e(sogei;un;exaf S‘at)e, __g | p

controlled composition and thickness that can subsequently be 2R R i ‘ . V " reasonablg current densities and metal Ezilﬂg?ﬂ(ﬁ::;ndla:fnafEiiise;;zef;on

converted to a spinel by thermal exposure at high temperatures in an G oy M o S MaGe s (I el ion concentrations results suggested spinel conversion

oxidizing environment. Faraday has scaled its process capabilities e beal SIS EB  - Potential for higher Mn content " Associated challenges

from 25 cm? to 100 cm? SOFC interconnects and demonstrated the 5'0 A. 16% Mn s M gl In Coati_ng _ « Can the microcracking issue be addressed? | 1

ability to coat interconnects containing gas flow field features. ectr Less microcracking * s the coating deposition rate acceptable? £

Continued analysis and refinement of the economic assessment based ARG B R TR - Migher current efficiency T e prorEsrepes bl tmprovec®

on using batch manufacturing for the pulse reverse electrodeposition * Faster coating deposition fates

process demonstrated that the innovative coating technology can meet

DOE’s high volume target of 1.6 million plates per annum for 250

MW fuel cell stacks at a cost of ~$1.85 per 625 cm? coated

Interconnect.

Approach

The FARADAYICSM Electrodeposition Process ASR at 800°C

. M mQ cm’ 100 hr | 200 hr [ 500 hr
Electrodeposition The FARADAYIC>M Process Coating Microstructure and Composition

3 um 40% Co 35 57 49
“Tuned” to: 7 um 40% Co 62 7 32
— Tuned” 1o After 500 hour Thermal Exposure 10 um 40% Co 22 ; 36 M IS - 3 channel serpentine pattern
Tuned” to: . Allow replenishment of 3 um 85% Co 31 75 20 . Channel width ~ 0.9 mm

reacting species on electrode 57%Co 3um 57%Co 3um

———— Forvard surface 7 um 85% Co 59 40 54 ‘  « Ribwidth ~ 0.8 mm
modulation . Allow transport of 3 10 um 85% Co 37 23 22 . Channel depth ~0.45 mm
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1. Enhance mass transfer

2. Control current distribution
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“Tuned” to remove la hydrodynamic conditions oy AN
adverse effects of H, (+)

57%Co 7um

Crystal Structure After 500 hour
Thermal Exposure at 800°C
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modulation | can be varied independently to

achieve a desired rate
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Eliminates H, embrittlement

The appropriate waveform can alter the thickness —
_ of the pulsating diffusion layer and effectively e | i oo 794Co 1o
Hydrodynamic focus or defocus the current distribution to create M Bl )

*, Diffusion Layer ) ) .. ;
. non-uniform or uniform deposition respectively.
*

Intensity (a.u.)

**, Electrodynamic |[4¢— Macroprofile: Diffusion layer tends to follow the o Pl
Diffusion Layer surface contour. Mass transport control results in o
a uniform current distribution or a conformal . ) . .

deposit during deposition. 2 theta (degres)

. Economic Analysis
ydrodynamic
Diffusion Layer

Processi ng Eq ui pment Current cost analysis of coating process based upon batch manufacturing of 1,600,000

_ _ _ e _ plates per annum at a cost of ~$1.85 per 625 cm? coated interconnect.
**s, Electrodynamic | 4— Microprofile: Diffusion layer thickness surface
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e non-uniform current distribution. Electrochemical Cell

Based upon Faraday's electrochemical cell design that facilitates uniform flow across the surface
of a flat substrate (US patent #7,553,401)

The FARADAY ICM Electrodeposition process. ..

Flow

» Enables alloy composition control Assembly
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- L _ _ Accomplishments/Future Work
 Maintains fast processing times to enable high throughput manufacturing

FY 2012 Accomplishments

Continued optimization of FARADAY ICSM Electrodeposition Process parameters in order to optimize
coating thickness, coating composition and coating adhesion

™ > ' : - 3 . ,‘)- - '- '4 V VA».,
| ) st . M A R Improved coating uniformity across T441 planar interconnects at the 100 cm? scale
WNES RS = I L) ' ; : Demonstrated coating process for 25 cm? 430 stainless steel interconnect containing gas flow fields
9 - Continued refinement of economic analysis to assess economic viability of FARADAY ICSM

Fiscal Planned Percent N JfYoa VLW Electrodeposition Process for high volume batch manufacturing

Year Title Completion | Complete | Future Work

aporye)

* |s an inexpensive manufacturing process for SOFC interconnect coatings

Development, optimization and validation of the FARADAY ICSM Electrodeposition Process for 100 cm?

interconnects with gas flow field features

I\ o, TR : : Long-term on-cell performance evaluation of button cells

2012 2. Long-term high temperature, thermal evaluation August 2012 70% | ' | Qualification/Demonstration of Interconnect Coating in Single Cell Test Rig under ideal SOFC operating
‘ conditions by potential commercial partners

Continued development of a more comprehensive economic assessment of the electrodeposition coating

process as it relates to interconnect manufacturing.

1. Design/modification of 10” x 10” electrodeposition

2011
cell

May 2011 100%

2012 3. Process development for 4”°x4” planar interconnects May 2012 100%

2012 4. Process development for 4”x4” pattern interconnects June 2012 10%

Modified FARADAY ICSM Electrodeposition Cell for coating patterned interconnect substrates ACkn0W|EdgementS
2012 5. Long-term on-cell performance evaluation August 2012 10% ranging in size from 6.5 cm? to 625 cm?
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