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ABSTRACT ;
EXPERIMENTAL SECTION RESULTS (cont’d)

Solid oxide fuel cells (SOFCs) can potentially extend the

nation’s energy reserves. However, to be reliable, the fuel MILESTONE #2 — Characterization of YSZ films on 430

cell chambers must be sealed to prevent leakage between MILESTONE #1 — YSZ films deposited on 430 stainless stainless steel plaques.
the existing glass layers and the metal interconnects. steel plaques. Conclusions:

« Low cost, high volume standard film

InnoSense LLC (ISL) is producing a cost-effective thin o .
deposition techniques

yttria-stabilized zirconia (YSZ) coating system to provide a

barrier layer between SOFC compliant glasses and, both IE;S:ZSST:;:LOS:}?,.;'L;Z |it|;?(l S‘:,Ssien;?tﬂ:g iﬁll-(giasn;c :;‘;;3';“2”“““9

bar_e ferritic stainless steel and spinel-coated _ferrl_tlc | modified sol-gel formulation. Since good

st_alnless ._St68| (AIIegh_eny Ludlum SS441). This will result in printing inks require thixotropic rheology to

high-quality YSZ coatings to SOFC interconnects for mass induce leveling and prevent edge flow, a

production by silk screening or spraying a metallo-organic thixotropic agent has been included. A stress

solvent formulation, then drying and firing in commercially relief agent is also being incorporated into the

available thick film furnaces. Silk screening affords a low formulation to relieve stresses in the deposition ! !
cost, fast design cycle technology that allows endless that would otherwise result in crack propagation

shapes to be successfully printed on a flat surface. in the films upon drying.

ISL is focusing on ;ost—effective appli_cation_ of thin, dense, ISL is developing sprayable and screen printable _ _
adherent YSZ coatings on select portions (i.e., a square formulations:

annulus) of SOFC interconnects. (a) (b)
ISL has developed a thixotropic formulation for screen * Photolithography used to make _

printing and a non-thixotropic formulation for spray screen for printing Figure 5

Comparison between (a) screen printed and (b) sprayed 0.5 in.

applications. In addition, the transparent glass-like films - Fired in air or controlled atmosphere 0.3 [, SR o 450 Stelias el

produced by firing these formulations will be rendered to
fine micro-crystalline films, to prevent attack of the * Fired on stainless steel
interconnects by the compliant glasses. ISL will conduct
adhesion testing of our initial coatings on 430 stainless
steel test plaques. YSZ coating applied to commercial
Allegheny Ludlum 441 stainless steel will be subjected to
compatibility testing by Fuel Cell Energy, Inc. (FCE).
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BACKGROUND AND TECHNICAL APPROACH

There is a need to supply the Nation’s electrical - dFigllS"‘_e 6 o - Fifcl“d"% 75 o
7 : aye . n. . n. een nte . n. .
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efficient, electrical power generation using multiple en,ergy THIXOTROPIC AGENT + MIXING VISCOsITY ﬂrm6956n IEI:Z_ COO“QQ from 800 "°C ﬂr::)ng n N, to
! °C to ambient ambient
feedstocks. Their cost is reduced by using ferritic stainless STRESS REHET A5RNT temperature in air. temperature.

steel such as Allegheny Ludlum 441 stainless steel (441SS)
rather than costly ceramic conductive elements. Cracks,

MAKE STAINLESS STEEL

however, can occur in SOFCs at certain locations. SELECT SCREEN WIRE SCREEN WITH CHOOSE
j PROPERTIES: WIRE | DEFINED SHAPE OF LAND _| ON-CONTACT OR
Recent developments of compliant glasses have ANIRMETER, WEAVE, > USING > OFF-CONTACT
addressed seal cracking, but these glasses interact with the EMULSION THICKNESS OO o ceas e PRINTING \
stainless steel conductive elements. A thin, 1-2 um, | o
adherent Yttria Stabilized Zirconia (YSZ) coating can 1 {
act as a diffusion barrier, but must be applied to DEFINE SQUEEGEE tl\
shapes like a square annulus and be economical. EDGE comcg E'E TR
. . . . MATERIAL, SQUEE
ISL is accompllshlng this by: EDGE ANGLE, ANGLE OF Fi s
- Using Organo-metallic and metallo-organics AT o < g O'EL.'re 0.5 in YS7 Figure 9
f lati for: AnSSISe Bl [ifla 28 o) [l Ve Screened 0.5 in. x 0.5 in. YSZ
ormuiations tor: coated 430SS 800 °C firing in s
. i ¥ , g coated 430SS 800 °C firing in
Even coating of surface PLACE PRINTING INK N,- cooling f ° :
- : 2 g from 650 °C to N, to ambient temperature.
« Compositions th_at can be varied . PLACE SCREEN ON f;‘os,\f'gf,i:‘:vgg ambient temperature in air. ?
- Templates allowing complex deposition and e S R O —— > SUBSIRATEFOR L > (CETWEEN
sha pes PRINTING OPEN AREA FOR
. Application by low cost industrial processes PRINTING
« Easily changed deposition shapes for low cost V
design changes
« Overcoming classic difficulties with cracking over MAKE SQUEEGEE PASS TO
h_ k f I i TRANFER INK OVER OPEN > REMOVE SCREEN > REMOVE SUBSTRATE
1 Hm thickness by- ormu aiE|on . SCREEN.;A‘I:_IE_.:_\ELONDEPOSIT FROM SUBSTRATE FROM PRINT HEAD PROJECT SCHEDU LE AND MILESTON ES
- Developing a screen printable ink. Formulations

were made from stable, metallo-organic/organo-metallic

precursors. Initial formulations quickly precipitated to L]
form YSZ powders. This difficulty was overcome by ETER PRINTING _ DRYING AT R RoE T QUALITY CONTROL The following milestones will be accomplished in Phase I:
utilizing Hansen Solubility Parameters. Successful inks PRINT - AIR OR | e |l parre peramON o Phase I Project Tasks, Timeline and Milestones. The
also contain appropriate ink additives. These inks can be comMERGIL THICK TE\'r“s;Eg;K.ﬁEGDR%%ZOR QUALITY ASSURANCE major tasks and milestones for Phase I will be
printed using patterned stainless steel screens to deposit FILM BELT FURNACE COOLING ZONE TO AMBIENT accomplished in accordance with the schedule shown in
a square annulus on a flat 430SS or Allegheny Ludlum Figure 10.
441SS at low to high speed, for both low to high volume
production, Figure 3.

 Identifying screen and spray parameters including: Flow chart for screen printing YSZ patterned stencil Months After Project Initiation

Screens: wire diameter, weave type, angle of weave, coating substrates 441SS _ Major Tasks EL 0 S = N O
emulsion type, emulsion thickness, squeegee type and i i
Spray: Paasche H spray machine for patterns up to 1-
1/2 inches wide, spray head, pressure, number of
passes, and distance from the substrate to achieve a
good YSZ coating on 430SS and Allegheny Ludlum
441SS,

 Investigating rolling or mechanical roll transfer
(High speed, high volume production, low material
waste) — proof of principle single roll transfer,

« Developing a firing profile that will burn off organic

2. Acquire Material and Equipment

3. Formulate SOFSeal™ Coatings and
Apply to Stainless Steel Plaques

Milestone 1: YSZ films deposited on 430

stainless steel plaques

4. Characterize YSZ Coated 430 Stainless
Steel Plaques

Milestone 2: Characterization of YSZ films
on 430 stainless steel plaques completed

5. Test YSZ Films on Allegheny Ludium 441

Milestone 3: YSZ deposited on Allegheny
Ludlium 441 stainless steel evaluated by FCE

6. Production Cost Assessment

Milestone 4: Production cost assessment
completed

7. Evaluate the Product’s Commercial Potential
8. Submit Reports

material, nucleate YSZ crystal growth, and grow YSZ RESULTS

crystalline material from an initially transparent YSZ Figure 10

Coating to prOduce al-2 HMm YSZ Iayer, YSZ Barrier Layer prevents chemical reaction of Research Program Schedule for Phase I.
- Coating 4 in. x 4 in. test plaques of Allegheny Compliant Self-Sealing Glasses and metal

Ludium 441SS, conductive elements.

 Having FCE perform seal characterization on 4 in. x 4
in. test plaques with & without spinel coating

« Determining production cost from raw material cost,
capital equipment, floor space and burdened labor rate.

Work Accomplished to date: Formulations have been
developed for both screen printing and spray application.
Initial problems with precipitation of YSZ were eliminated,

with inks stable at least for 2-3 months. A thixotropic
. £ = additive was successfully incorporated into the formulation,
S— along with a stress relief agent to eliminate drying cracks.

ez os ﬁ_ﬁ//"::celtg' Prints show good edge definition, without screen mesh
| S8 Substrate | SS Substrate (a) (b) marks. Printed and sprayed 1 in. x 1 in. samples on 430SS
Figure 1(a) Figure 1(b) were fired up to 800 °C and show good adhesion. Also, the
Test plaque with YSZ coating Test plaque with YSZ coating on Figure 4 formation of crystalline material is in the range of 0.03 -
prevents chemical reaction of spinel coated 441SS prevents (a) Optimization of variables is carried out using 0.15 ym diameter. Addl’_clonal improvements and testing
Compliant Self-Sealing Glasses chemical reaction of Compliant Statistically Designed Experiments, resulting in are In progress.

with metal conductive elements Self-Sealing Glasses with metal

: predicting response variables, such as, relative
conductive elements

viscosity, (b) targeting typical screen printing
viscosities! and (c¢) manual printing with stainless

qfra:e o stencil . FigL’!re 2 steel screen with print pattern. Acknowledgments
e On-contact” printing for DOE for Funding this Project DE-FOA-0001052
substrate IOW_medlum VO|Ume ] ) )
production is more precise, 1. Holmes, P. J. and Loasby, R.G.; Handbook of Thick Film Dr. Joe Stoffa & Dr. Briggs White for Guidance and
l and deforms the stencil Technology; Electrochemical Publications, Ltd.; p.5, 1976. Discussions
L | = screen less




